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Abstract

Peanut (Arachis hypogaea L.) is an important crop for the family-based systems in the tropics, mainly in Brazil. In the
Brazilian drylands, peanuts are cropped in low technological systems, and cheap and efficient technologies are needed to
improve crop yield and sustainability. Despite this importance, few data are available on selecting efficient peanut rhizobia
in experiments under different edaphoclimatic conditions. This work evaluated the agronomic efficiency and the biological
nitrogen fixation (BNF) by two elite Bradyrhizobium strains under four different fields in the Brazilian semiarid region. We
compared a new efficient strain Bradyrhizobium sp. ESA 123 with the reference strain B. elkanii SEMIA 6144, currently
used in peanut rhizobial inoculants in Brazil. Besides the inoculated treatments, two uninoculated controls were assessed
(with and without 80 kg ha~! of N-urea). The BNF was estimated by the §'°N approach in three out of four field assays. BNF
contribution was improved by inoculation of both Bradyrhizobium strains, ranging from 42 to 51% in Petrolina and 43 to
60% in Nossa Senhora da Gléria. Peanuts’ yields benefited from the inoculation of both strains and N fertilization in all four
assays. Nevertheless, the results showed the efficiency of both strains under different edaphoclimatic conditions, indicating
the native strain ESA 123 as a potential bacterium for recommendation as inoculants for peanuts in Brazil, mainly in drylands.
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Introduction than 17.5 million Mg of shelled peanuts (pods), while Brazil

produced around 581 thousand Mg, the 12 world’s pro-

Peanut (Arachis hypogaea L.) is a South American native
oilseed crop. This species is grown worldwide, and the lead-
ing world producer is China. In 2019, China produced more
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ducer [1]. Brazilian production is concentrated in Sao Paulo
state, achieving more than 90% of the national output [2].
In the northeast region, peanuts are cropped mainly in the
family-based agricultural systems under rainfed conditions
in the Brazilian drylands (semiarid climate conditions) [3].
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Due to the harsh environmental conditions in the region and
the low technological inputs in the agricultural systems, the
Brazilian semiarid region yields are below those achieved in
the whole country. For these reasons, new eco-friendly and
low-cost technologies are urgent to the region.

Among the low-cost, highly efficient technologies, micro-
bial inoculants (for legumes, rhizobial inoculants) are amid
the most promising ones [4, 5]. For peanuts, a Zimbabwean
strain of Bradyrhizobium elkanii (SEMIA 6144) has been
used in commercial inoculants for more than 30 years in
Brazil [6]. Despite some experiments showing the agro-
nomic efficiency of this strain under certain field conditions
[7-9], the selection of new efficient bradyrhizobia should
improve the plant yield and the biological nitrogen fixation
(BNF) in Brazil, mainly under semiarid climate conditions,
and increase the genetic base of bradyrhizobial strains avail-
able for peanut inoculant production. Furthermore, the selec-
tion of new efficient bacteria for peanuts should collaborate
to increase the adoption of inoculation technology by the
farmers since the use of inoculants for peanuts is still small
in Brazil.

Screening of peanut rhizobia has been carried out, and
newly promising strains have been isolated and character-
ized in South America, mainly in Argentina [10-12] and
Brazil [13-16]. The selection of efficient bradyrhizobial
strains should improve inoculants by adding highly efficient
bacteria in the current commercial formulations. However,
despite some data reported on complete studies characteriza-
tion and field assessment of peanut’s Bradyrhizobium [17],
few reports on their efficiency are taken from experiments in
different locations, a critical approach to assure the rhizobial
efficiency under several edaphoclimatic conditions [18-20].

Several new peanut bradyrhizobia were isolated in Bra-
zil last decade, including the Bradyrhizobium sp. ESA 123.
This strain is indigenous from a soil cropped with pea-
nuts in Barbalha municipality, Ceara state, in the Brazil-
ian semiarid region [21]. ESA 123 stood out regarding the
efficiency in potted peanuts experiments with sterile [16]
and non-sterile soil substrates [22]. This strain also showed
agronomic efficiency in preliminary field assays [7] and
improved plant resistance to drought in potted peanuts [23,
24]. More recently, Bradyrhizobium sp. ESA 123 was proven
as more compatible with the fungicides commonly used in
peanut seed treatments than the commercial strain B. elkanii
SEMIA 6144 [25]. Because of these promising character-
istics, Bradyrhizobium sp. ESA 123 is a candidate for new
peanut inoculant formulations in Brazil.

Therefore, this work aimed to evaluate the agronomic
efficiency of Bradyrhizobium sp. ESA 123 in four locations
in the Brazilian semiarid region, according to the official
standardized protocols determined by the Brazilian Min-
istry of Agriculture, Livestock, and Food Supply [6]. We
hypothesized that Bradyrhizobium sp. ESA 123 inoculation
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is agronomically efficient to peanuts grown under different
edaphoclimatic conditions in the Brazilian drylands, compa-
rable to the current inoculant strain B. elkanii SEMIA 6144.

Materials and methods
Bacterial strains and inoculant preparation

Bradyrhizobial strains SEMIA 6144 and ESA 123 were
used in the present study (SisGen authorization: A64C60D).
B. elkanii SEMIA 6144 is currently authorized for use in
commercial peanut inoculants in Brazil [6]. Bradyrhizo-
bium sp. ESA 123 was isolated from peanut root nodules
grown in soil from the Brazilian semiarid [21]. ESA 123
was classified as Bradyrhizobium sp. (16S rRNA GenBank
accession MG982490), closely related to B. kavangense
[23]. This strain is currently preserved in the Culture Col-
lection of Microorganisms with Agricultural Interests of
Embrapa Semiarido (CMISA, ESA 123) and at the Johanna
Dobereiner Center of Biological Resources (CRB-JD, BR
14811).

The bacterial strains grew monoxenically in the YM
medium [26] for 6 days under constant stirring (120 rpm) at
28 °C. The broths were centrifuged (6000 X g for 10 min),
the supernatants were discarded, and the pellet was resus-
pended in the same volume of sterile NaCl 0.85% (w v™1).
The centrifugation/resuspension process was repeated twice
for complete cell washing. The cell suspension had the opti-
cal density read spectrophotometrically at 600 nm, being
adjusted to 0.8. Aliquots of 15 mL of the cell suspensions
were softly mixed in plastic bags containing 50 g of steri-
lized powdered peat (twice autoclaved at 120 °C, 1.2 atm
for 60 min), reaching the final concentration of 10° colony-
forming unities g~! of inoculant. The peat-based inoculants
were kept at 10 °C until the experiments were set up (no
more than 30 days of storage).

Field experiments

Four field assays were conducted between May 2019 and
February 2020, in the municipalities of Petrolina and Par-
namirim (Pernambuco state), Nossa Senhora da Gloéria (Ser-
gipe state), and Juazeiro (Bahia state). In Parnamirim, the
assay was conducted in the Irrigated Agriculture Experi-
mental Station of Universidade Federal Rural de Pernam-
buco (UFRPE); in Petrolina, the assay was conducted in
the Bebedouro Experimental Field; in Nossa Senhora da
Gléria, the assay was conducted in the Nossa Senhora da
Gloria Experimental Field. In Juazeiro, the experiment was
implemented in the Mandacaru Experimental Field. The last
three experimental fields are in the facilities of Embrapa
Semiarido. The description of each experimental site and
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the characteristics of each assay are detailed in Table 1. The
soils were classified according to the Brazilian Soil Clas-
sification System [27], and the soil chemical characteristics
were assessed according to Teixeira et al. [28]. Finally, soil
fertilization was conducted as the technical recommendation
for peanuts in Pernambuco state [29].

The experiments were implemented according to the
standardized determinations to validate the agronomic
efficiency of rhizobial strains and other related plant
growth—promoting bacteria, as described in the Normative
Instruction no. 13/2011 by the Brazilian Ministry of Agri-
culture, Livestock, and Food Supply [6]. The completely
randomized block design was adopted with four replications
(blocks) in all assays. The recommended inoculant strain

B. elkanii SEMIA 6144 and Bradyrhizobium sp. ESA 123
were the inoculated treatments studied. In addition, two
non-inoculated control treatments (with and without urea
application) were also included. For the N-fertilized control,
80 kg ha™! of N-urea was applied. Half of the N fertilizer
was amended at the sowing and half 30 days after sowing.
Each experimental plot was composed of 6 m rows spaced
0.7 m between rows. In each row, three peanut seeds were
sown 0.2 m apart. The peanut-nodulating soil rhizobia popu-
lations were assessed by the most probable number (MPN)
according to Hungria and Aratjo [30].

The peat-based inoculant was mixed with the seeds at 250 g
of inoculant to 10 kg of seeds for inoculation. Then, as a stick-
ing agent, a saturated sucrose solution (approximately 40 g

Table 1 Experimental conditions, soil characteristics, and fertilization adopted on the experimental sites in Petrolina, Parnamirim, Juazeiro, and

Nossa Senhora da Gléria

Petrolina

Parnamirim Juazeiro Nossa Senhora da Gléria

General experiment information
Experiment duration Jun—Sep (2019)

Latitude/longitude

Peanut genotype BRI
Water supply® Drip irrigation
Rainfall (mm accumulated) 7.0
Average temperature (°C) 25.7
Soil characteristics
Soil typeP Ultisol
Electrical conductivity 1.06
@dSm™)
pH 6.40
C(gkg™ 13.50
P (mg kg™ 48.60
K (cmol, kg™ 0.30
Na (cmol, kg™ 0.04
Ca (cmol, kg™ 1.40
Mg (cmol, kg™ 0.60
Al (cmol, kg™ 0.00
H+ Al (cmol_ kg™) 0.20
Sum of bases (cmol, kg™h 2.30
Cation exchange capacity (cmol, kg™ 2.50
Base saturation (%) 91
Peanut nodulating rhizobial population (MPN) 2.48-4.00

Y

Fertilization®
Simple superphosphate, 20% P,O5 (kg ha™!) 200
Potassium chloride, 60% K,O (kg ha™) 60
Gypsum, 18% Ca; 15% S (kg ha™!) 500

—9.3941/-40.5097

May-Aug (2019)
—8.0905/—-39.5783

Nov 2019-Mar 2020 Jun—Sep (2019)
—9.2716/—40.5052 —10.2166/—37.4241

L7 Bege BRI BR1
Drip irrigation Drip irrigation Rainfed
52 43.1 217.7
249 27.9 225
Luvisol Vertisol Oxisol
0.63 2.07 0.53
7.10 6.00 5.30
24.10 12.60 9.20
8.48 160.00 2.87
0.59 0.60 0.45
0.20 0.50 0.16
24.40 16.00 1.80
5.10 10.0 1.00
0.00 0.00 0.05
0.00 1.00 1.90
30.30 25.00 3.40
30.30 26.00 5.40
100 96 64
2.00-3.70 3.30-4.17 2.30-3.47
200 100 200
40 40 40
250 500 500

*Drip irrigation system: 16" hoses, 0.5 m between drippers, and 1.6 L.h™! flow. Irrigation conducted daily for 3—4 h

PSoil classification: Brazilian Soil Classification System by Santos et al. [27]: Ultisol =“Argissolo”, Luvisol =*“Luvissolo”, Vertisol =“Vertis-

solo”, Oxisol =“Latossolo”. Chemical analysis by Teixeira et al.[28]

YConfidence interval (log,) of the most probable number (MPN) of peanut nodulating rhizobia per gram of soil by Hungria and Aratjo[30]

SRecommendations by Cavalcanti et al.[29]
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L™!) was gently mixed (20 mL kg seed™!) with the seeds and
inoculants in a plastic bag. Finally, the inoculated seeds were
air-dried for 3040 min in the shadow before sowing.

The peanuts were sampled 53 days after emergence (DAE)
to assess nodulation, biomass production, and BNF. A total of
20 plants were selected per plot (preserving the useful area in
the four central lines) and collected. The shoots were separated
from the roots, oven-dried (65 +2 °C) for 7 days, and weighted
for shoot dry mass (SDM) determination. The remaining
soil was carefully removed by washing on a sieve to recover
fallen nodules from the roots. Nodules were then detached
and counted to assess the nodule number per plant (NN) and
oven-dried (652 °C) for 3 days and weighted afterward to
assess the nodule dry mass per plant (NDM).

In Parnamirim, Petrolina, and Nossa Senhora da Gléria,
the BNF was estimated by 15 N natural abundance (5'°N)
approach. As non-fixing references (NFR), sunflower (Heli-
anthus annuus), cotton (Gossypium hirsutum), and castor
bean (Ricinus communis) were sown in extra plots in all field
blocks in Parnamirim. Non-legume weeds were used as NFR
in Petrolina (Amaranthus sp., Cyperus sp., and Cenchrus
ciliaris) and Nossa Senhora da Gloéria (Galinsoga parviflora,
Centratherum punctatum, and Portulaca sp.). The weeds were
collected within the plots (between two lines). For all NFR,
four composite samples formed by the shoots of five plants
of each species were collected and oven-dried, as described
for peanuts.

All plant samples (peanuts and NFR) were ground and
sieved (2 mm mesh), capsuled, and inserted into a mass spec-
trometer (ThermoQuest-Finnigan MAT Delta Plus, Thermo-
Finnigan, USA) interfaced with an elemental analyzer (Carlo
Erba 1110, Italy). All analyses were performed at the Labora-
tory of Isotopic Ecology (USP, Brazil). The total concentra-
tions (%) and the isotopic ratios of N were obtained, and the
natural abundances of > N were expressed in d units (%o),
which represents the deviation from the standard of the propor-
tions of the masses of !> N:!* N following the equation:

6 %o = (Rsample [Rstandard — 1) x 1000

where Ry, pie and Ry, darg are the ratios SN:!* N in both the
sample and the standard (atmospheric N,).

When the difference between the averages of the 8'°N val-
ues of peanut and those of NFR was statistically significant in
the F test (p <0.05), the percentage of nitrogen derived from
the atmosphere (%Ndfa) was estimated by the '> N natural

abundance methodology [31], using the equation:
%Ndfa = [(6'5N(reference) — 6lsN(ﬁxing))/515N(reference) — B] x 100

where 615N(reference) is the average value of the 8'°N of the
reference plants of each block, 615N(ﬁxing) is the average
value of the 8'°N of peanut plants for each plot, and B is
the 8'°N value for N-fixing plants grown in the absence of
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nitrogen, assumed to be — 1.35%o [32]. The %Ndfa was cal-
culated with the average values of the three reference plants
in each block in the field. The shoot total N and total fixed
N were calculated by multiplying the N concentrations (total
and %Ndfa) by the aboveground biomass.

At 95 DAE, at physiological maturity, plants were har-
vested from the useful area (3 m long of the four inner
lines of each plot—around 60 plants per plot). In the field,
pods were removed from the plants, placed in paper bags,
and transported to the laboratory, where they were kept in
the sun for 4 consecutive days and weighted to determine
total pod yield (PY). Next, the grains were threshed and
kept in a cold chamber (10 +2 °C) until processing. Then,
the moisture was standardized to 15%, and the grains were
to obtain the total grain yield (GY) and weight of 100
grains (W100).

Data analysis

Data were submitted to ANOVA after verifying data normal-
ity by the Shapiro—Wilk test using Sisvar v. 5.0 [33]. Four
independent analyzes were conducted due to the different
characteristics of each assay. After ANOVA, a comparison
between !> N values was conducted independently, compar-
ing all target and reference plants in each experimental site,
considering three randomized block experiments. Finally, all
averages were compared by the Scott-Knot (p <0.05) mean
range test.

A principal component analysis (PCA) using data from
plant growth (shoot dry mass), nodulation (nodule number
per plant and nodule dry mass), and yield (pod and grain)
was carried out using the correlation matrices with the
PaSt 4.10 software [34]. This analysis was conducted to
get an integrated view of all experiments conducted at
different sites.

Results

ESA 123 improved the peanut SDM in Juazeiro, while no
differences were observed in the other assays (Table 2).
NN improved with inoculation of ESA 123 in Parnamirim
and with both strains in Nossa Senhora da Gléria. NDM
improved with the inoculation of both strains in Nossa Sen-
hora da Gléria. Differences in NDM were also observed
in Parnamirim and Nossa Senhora da Gldria since N-urea
application inhibited the nodulation by the established soil
rhizobial population. Rhizobial inoculation and N fertiliza-
tion positively increased W100 in Nossa Senhora da Gléria,
but no effects were observed in the other experimental sites.
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Table2 Shoot dry mass Inoculation treatments SDM NN NDM PY GY W100
(SDM), number of nodules ) ) ) o .
per plant (NN), nodule dry g plant plant mg plant kg ha kg ha g
e A E: et
of 100 grains (W100) of ESA 123 29.0 171 a 256 3930 a 2654 a 44.8
peanut (Arachis hypogaea) SEMIA 6144 30.7 128 b 233 3925 a 2537 a 43.5
grown in four experimental N-urea 335 192a 247 4217 a 2805 a 414
sites under inoculation with Control 28.6 163 a 261 3592 b 2319b 38.0
Bradyrhizobium, nitrogen
fertilization (N-urea) or absence F-test (p-value) ns i ns * * ns
of inoculation and N-urea CV (%) 8.3 16.3 18.3 8.9 5.5 5.4
Parnamirim
ESA 123 15.2 103 a 90 a 3003 a 2099 a 51.3
SEMIA 6144 12.0 69 b 73 a 2674 a 1775 a 50.2
N-urea 153 73 b 43 b 2854 a 1889 a 58.6
Control 15.2 67b 73 a 2243 b 1495 b 49.1
F-test (p-value) ns wk wk Hk Hk ns
CV (%) 17.3 28.7 7.3 9.6 9.1 9.5
Juazeiro
ESA 123 31.6a 164 a 55 4658 b 2693 b 39.5
SEMIA 6144 23.2b 136 a 48 4528 b 2782 b 36.7
N-urea 24.5b 73b 53 5422 a 3375 a 39.5
Control 21.6b 117 a 48 4264 ¢ 2216 ¢ 34.7
F-test (p-value) ok HE ns * * ns
CV (%) 22.7 22.0 16.7 10.5 223 8.25
Nossa Senhora da Gléria
ESA 123 13.3 42b 252 a 1844 a 1127 a 32.8a
SEMIA 6144 8.3 77 a 352 a 1931 a 1131 a 36.3a
N-urea 13.5 13¢ 45¢ 1959 a 1231 a 36.0 a
Control 94 25¢ 106 b 1280 b 745 b 25.0b
F-test (p-value) ns Hk Hk Hk HE Hk
CV (%) 14.7 16.3 25.0 214 18.8 11.2

Means followed by the same letter in the column, within the same experimental site, do not differ by Scott-
Knot means range test. ns, not-significant; **p <0.05; *p <0.1. Data are means of four replications

CV coefficient of variation

Inoculation with both Bradyrhizobium strains and N-urea
fertilization increased the peanut pod and grain yields in all
experimental sites. The inoculation with ESA 123, SEMIA
6144, and N fertilization increased the pod/grain yields by
9.3/14.5, 9.4/9.4, and 17.4/21.0%, respectively, in Petro-
lina. In Parnamirim, the pod/grain yields improved in the
plants inoculated with ESA 123, SEMIA 6144, and N-urea
by 33.9/40.4, 19.2/18.7, and 27.2/26.4%, respectively. In
Juazeiro, ESA 123, SEMIA 6144, and N-urea increased
the pod/grain yields by 9.2/21.5, 6.2/18.7, and 27.2/52.3%,
respectively. The inoculation with ESA 123, SEMIA 6144,
and application of N-urea also increased peanut pod/grain
yields in Nossa Senhora da Gléria by 44.1/51.3, 50.9/51.8,
and 53.0/65.2%, respectively.

For plant growth, nodulation, and grain yield, in the prin-
cipal component analysis (PCA), the main components (PC1
and PC2) explained 68.64% of the variance (Fig. 1). The

SDM, PY, GY, and W 100 variable vectors correlated to each
other and separated the treatments inoculated with ESA 123,
SEMIA 6144, and with N-urea from the absolute control in
the PC1. Likewise, the nodulation variables (NN and NDM)
correlated with each other and with the Bradyrhizobium-
inoculated treatments, separating the inoculated treatments
from the N-urea treatment in the PC2.

The 8'°N approach could estimate the BNF since the tar-
get peanut plants showed lower '3 N signals than the non-fix-
ing reference species (Table 3). In Nossa Senhora da Gléria
and Parnamirim, the %Ndfa was higher in plants inoculated
with both Bradyrhizobium than in the non-inoculated control
treatment. Furthermore, the total fixed N (kg ha™") until the
53 day after peanut emergence was higher in the inocula-
tion treatments in Petrolina and Nossa Senhora da Gloria;
however, no differences were observed in Parnamirim. The
BNF in Petrolina was estimated above 60 kg ha~! under

@ Springer
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Fig. 1 Principal component
analysis (PCA) biplot conducted
with the data (all replications)
of four field assays using the
data of peanut shoot dry mass
(SDM), nodule dry mass
(NDM), number of nodules per
plant (NN), pod yield, grain
yield, and the weight of 100
seeds (W100). Colors present
the experimental treatments:
red: ESA 123; green: SEMIA
6144; yellow: N-fertilization;

PC2 (24.98%)

and black: non-inoculated and
non-fertilized control. PC1 and
PC2 are the principal compo-
nents 1 and 2 respectively

Bradyrhizobium inoculation, and below 49 kg ha~! of fixed
N in association solely with the native established rhizobial
community. In Nossa Senhora da Gléria, the estimated N
fixation ranged between 12 and 13 kg ha™! in peanut plants
inoculated with ESA 123 or SEMIA 6144, while non-inocu-
lated plants associated with native rhizobia fixed 3.2 kg ha™!
of N.

The N concentration in the plant shoots was higher in the
inoculated peanuts only in Nossa Senhora da Gldria, and no
differences were observed in the other sites. Furthermore,
the total N content in the experimental area showed no sig-
nificant differences in the three sites, achieving averages of
78.8,33.5,and 21.0 kg ha~! of N in Petrolina, Parnamirim,
and Nossa Senhora da Gléria, respectively, up to 53 days of
peanut growth in the fields.

Discussion

Despite the differences observed among experimental sites,
inoculation with both Bradyrhizobium strains significantly
increased pod and grain yield in the four experimental sites,
compared with non-inoculated plants. Moreover, under three
out of four different edaphoclimatic conditions, inoculation
with ESA 123 or SEMIA 6144 led to pod/grain yields simi-
lar to the plants that received N-urea, which is a promising
result. Martins et al. [35] conducted multisite assays that
proved the agronomic efficiency of a new cowpea (Vigna
unguiculata) Bradyrhizobium strain BR 3267 for use as an
inoculant. In the same way, Mercante et al. [19] showed the
outstanding agronomic performance of three new common
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T Pod yield
~~Grain yield

PC1 (43.66%)

beans (Phaseolus vulgaris) Rhizobium spp. strains in four
different locations in central Brazil (Mato Grosso do Sul
state). These results indicate that our strategy of assessing
the performance of ESA 123 in different fields was right
and proved the versatility of the selected strain in divergent
edaphoclimatic conditions.

Bradyrhizobium strains from the semiarid region of
Brazil are efficient both in the harsh local environments
and other edaphoclimatic conditions. For example, the
abovementioned cowpea B. yuanmingense BR 3267
showed high agronomic performance in the Brazilian dry-
lands [20, 35, 36] in wet environments in the Brazilian
Amazon [37, 38], and in the Brazilian Savanna (Cerrado)
biome [39], and Ghana, overseas in the African Continent
[40]. The plasticity and adaptation of BR 3267 probably
also occur with ESA 123 since, besides the agronomic
efficiency observed in the current study, this strain also
showed to be agronomically efficient in preliminary field
trials in the Brazilian drylands and the tropical rainfor-
est zone in the Brazilian Northeast [7]. In addition, ESA
123 improved peanut resistance to drought stress [23,
24], indicating the versatility of this strain, an essential
feature for a commercial inoculant rhizobia. Even in the
experiments in the present study, the efficiency of the
Brazilian semiarid native strain ESA 123 and the Zim-
babwean strain SEMIA 6144 was demonstrated in very
different conditions, as described in Table 1. The yield
improvements in such different conditions reinforce the
efficiency of the recommended strain SEMIA 6144 and
support ESA 123 in the Brazilian list of strains used to
produce peanut inoculant.
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Table 3 %_GSNIS’ shoot N Inoculation treatment/non-fixing RN Shoot N con- Ndfa Shoot total N N-fixed
concentration, % of N nitrogen reference centration
derived from atmosphere . 4 .
(Ndfa), shoot total N, and %o mg g % kg ha kg ha
N-fixed ha’.1 of peanut (Arachis Petrolina
Topogaea) inoculated or not ESA 123 185 325a 7532 797a 60.0a
with Bradyrhizobium spp. in : : : : :
three different experimental SEMIA 6144 1.6* 31.6a 77.1a 86.1a 66.3 a
sites Control 2.6* 28.7 a 69.3 a 70.5a 48.6b

Amaranthus sp. 11.4

Cyperus sp. 12.5

Cenchrus ciliaris 11.1

CV (%) 5.3 8.4 12.8 8.2 134

Parnamirim

ESA 123 3.5% 264 a 514a 343a 176 a

SEMIA 6144 4.4% 27.7a 419 a 28.7 a 120a

Control 5.7% 315a 29.6b 37.6a 114 a

Gossypium hirsutum 9.3

Helianthus annuus 8.5

Ricinus communis 7.6

CV (%) 11.9 12.0 13.2 15.2 19.1

Nossa Senhora da Gléria

ESA 123 9.5% 24.6 a 43.1a 26.1a 123a

SEMIA 6144 6.3* 29.5a 60.1 a 214 a 12.7a

Control 12.4% 189b 17.5b 15.6a 32b

Galinsoga parviflora 19.6

Centratherum punctatum 16.4

Portulaca sp. 18.2

CV (%) 7.8 10.2 20.1 12.7 16.9

Means followed by the same letter in the column, within the same experimental site, do not differ by
Scott-Knot means range test (p <0.05). *Significant difference (Scott-Knot test p <0.05) of 3'°N averages
between the target treatments (inoculation with ESA 123 or SEMIA 6144, and control) and the non-fixing
references within the same experimental site. Data are means of four replications

CV coefficient of variation

The 8'°N technique estimated the capacity of both
Bradyrhizobium strains and the native community to fix N,
and incorporate this element into the aboveground peanut
biomass. In Petrolina, we found the highest proportions of
biologically fixed N in the peanut shoots, with no differ-
ences between strains, which indicates the high efficiency
of inoculated bacteria compared with the native ones. The
efficiency of the N-fixing native community is a common
feature in the Brazilian agricultural field [41, 42], even in
drylands [43, 44]. Therefore, this character represents a
challenge for successful inoculation with elite rhizobial
strains. Nevertheless, in all three field assays, the N fixa-
tion parameter evaluated by the isotopic technique (%Ndfa
and/or total fixed N) was higher in the inoculated com-
pared to the non-inoculated treatments, a desirable char-
acteristic for an inoculant strain. For example, %Ndfa was
higher in the inoculated plants in Parnamirim (up to 51.4%
for ESA 123 treatment) and in Nossa Senhora da Gléria
(up to 60.1% for SEMIA 6144 treatment), indicating the

outstanding performance of Bradyrhizobium strains in
both experimental sites.

When assessing the performance of outstanding soy-
bean (Glycine max) Bradyrhizobium spp. in the Brazilian
Amazon, Zilli et al. [42] set up experiments in two different
locations with better performance of four Bradyrhizobium
strains in a single location, in agreement with our results,
reinforcing the need for multisite experiments to assess the
efficiency of rhizobial strains on N fixation. Furthermore,
both strains performed better than the sole indigenous com-
munity in Petrolina and Parnamirim, despite the differences
in the experimental conditions (different genotypes and
water regimes, for example, Table 1), indicating the respon-
sivity of peanut to inoculation with both strains under dif-
ferent conditions and even so being efficient.

Therefore, the estimate of the total amount of fixed N
in the different systems, calculated by the %Ndfa and the
total SDM, indicated the high capacity of both Bradyrhizo-
bium strains to fix N in two out of three field conditions.
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Values higher than 60 kg ha™! of fixed N were observed in
Petrolina under irrigation, and values close to 13 kg ha™!
of fixed N were achieved in Nossa Senhora da Gléria under
rainfed conditions, showing different rhizobial perfor-
mance under different environmental conditions. The low
values of fixed N in Nossa Senhora da Gléria probably
result from the high !> N signals observed in the NFR
and target treatments. This data suggests a particular > N
signal in this specific soil and/or high microbial activity
leading to organic matter turnover and increasing mineral
N availability in the soil. However, both hypotheses should
be addressed in the future.

An isotopic approach to assess the BNF rate in inoc-
ulated legume crops has been applied in the Brazilian
Northeast region, and values around 60 kg ha~! of fixed
N have been reported in cowpea [44, 45]. For jack-bean
(Canavalia ensiformis), Dantas et al. [43] estimated the
total fixed N by 90 kg ha™! of N in a passion-fruit (Pas-
siflora edulis) orchard in Petrolina. However, to the best
of our knowledge, there are no data on the efficiency of
rhizobial strains assessed under multisite field assays by
the 8!°N approach for peanuts inoculated with efficient
Bradyrhizobium strains in the Brazilian drylands.

In the most common agricultural production system in
the Brazilian semiarid, inputs like N fertilizers are low,
and the crop residues are either used to feed the cattle
or are kept in the soil. Hence, estimating the amount of
fixed N in the straw is important [44]. Furthermore, the
fixed N represents an essential input of N to the agro-
ecosystem and increases sustainability, mainly in family-
based systems.

In Brazil, according to the Ministry of Agriculture,
Livestock, and Food Supply [6], the agronomic efficiency
of strains in different environments is one of the most criti-
cal criteria in selecting new rhizobia for use as inoculants
to legume crops. However, studies on selecting new rhizo-
bial strains for peanuts in Brazil are still incipient. The
integrated view of results from all experiments in the PCA
analysis (Fig. 1) highlighted the efficiency of both rhizo-
bial strains. Thus, our study reports information about the
agronomic efficiency of a new Bradyrhizobium sp. strain
ESA 123 under different edaphoclimatic conditions in the
Brazilian Northeast, comparable to the current B. elkanii
strain SEMIA 6144, and supports the indication of the new
native strain as a candidate for the official recommendation
for peanut inoculant production in Brazil.

Furthermore, the use of elite rhizobial strains as inocu-
lants resulted in peanut grain and pod yields higher than
the non-inoculation and, in most cases, similar to N-fer-
tilized treatments. These findings support the inoculation
technology for peanuts, with social and economic benefits
to the farmers and the planet’s environmental health.
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