Vol. 17(2), pp. 229-237, February, 2021

DOI: 10.5897/AJAR2020.15066 ACADEMIC
Article Number: 35FBBFB65983 @ JOURNALS
ISSN: 1991-637X . .

Copyright ©2021 African Journal of Agricultural
Author(s) retain the copyright of this article

http://www.academicjournals.org/AJAR ResearCh

Full Length Research Paper

Efficiency of rhizobia selection in Rio Grande do Sul,
Brazil using biological nitrogen fixation in
Phaseolus lunatus

Juan Guillermo Cubillos-Hinojosa™?, Enilson Luiz Saccol De S&4*° and Fernanda Araujo
Da Silva*

'Department of Microbiology, Popular of Cesar University, P. O. Box 111711, Valledupar-Cesar, Colombia.
2Department of Soil Science, Federal University of Rio Grande do Sul, P. O. Box 15001, Porto Alegre- RS, Brazil.
3Department of Soils, Faculty Agronomy, Federal University of Rio Grande do Sul, P. O. Box 15001, Porto Alegre- RS,
Brazil.
4Department of Agricultural and Environmental Microbiology, Federal University of Rio Grande do Sul, P. O. Box 15001,
Porto Alegre- RS, Brazil.

Received 7 July, 2020; Accepted 5 November, 2020

The aim of this research was to evaluate the capacity of symbiotic efficiency of native rhizobia from
soils of the state of Rio Grande do Sul (RS), Brazil in Phaseolus lunatus L. plants. Soil and nodule
samples from predominant legume plants such as Desmodium species were collected in seven
locations of the state of RS. For the isolation of the rhizobia from the soil samples, lima bean “olho de
cabra preto” variety and “leucena” (Leucena leucocephala) and plants were used as baits.
Subsequently, the symbiotic characterization of the isolates was performed by inoculation on lima bean
plants in vitro conditions. The selected bacterial isolates were evaluated for biological nitrogen fixation
efficiency in a greenhouse experiment, being determined after: shoot dry mass, root dry mass, nodule
dry mass, nitrogen (N) accumulated shoot and calculated the N fixation relative efficiency index. Among
the 28 rhizobia isolates tested, 11 induced nodule formation in lima bean. The rhizobia Plu03 and Plul4
stimulated a greater increase of plant dry mass, nodule dry mass and nitrogen accumulation in the
shoot, reflecting in a higher relative efficiency index. These results suggest that the isolates Plu03 and
Plul4 are more efficient in promoting growth of lima bean, which could be recommended for future
agronomic efficiency studies.
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INTRODUCTION

Lima bean (Phaseolus lunatus L.), also known in Brazil as “feijao-fava” or “espadinho” beans in Brazil are
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considered the second most important species of the
genera Phaseolus, after common beans (Phaseolus
vulgaris L.). Due to its characteristics as drought and
excess moisture resistance and protein potential,
representing a source of food and income for small
farmers (Fofana et al., 1997; Santos et al., 2009; Vieira,
1992).

In Brazil, it is cultivated in all Brazilian regions, mainly
in the northeast region; especially the states of Paraiba,
Ceard, Pernambuco, Rio Grande do Norte and Piaui
(Vieira, 1992; Santos, 2008; Antunes et al., 2011; Araujo
et al., 2015; De Araujo et al., 2016). In the state of Rio
Grande do Sul, the species has a diversity of genotypes,
the variety “olho de cabra preto’, “olho de cabra
vermelho” and “Branco”. However, this bean is cultivated
by small producers and its production is limited, due to
the tradition of consuming common beans and the lack of
cultivars recommended for the subtropical -climatic
conditions of the region (Cavalheiro, 2012).

This crop has the ability to establish symbiosis with
rhizobia, where biological nitrogen fixation (BNF) occurs
that considered one forms of sustainable increase in
legume productivity and allows mineral nitrogen fertilizers
replacement (Franco et al., 2002). The study of the
diversity and symbiotic association of rhizobia with P.
lunatus was limited to countries with research centers
such as Peru and Mexico, where it has been reported
that P. lunatus forms symbiosis mainly with
Bradyrhizobium species (Ormefio-Orrillo et al., 2006;
Lopez-Lépez et al., 2013; Duran et al., 2014). Two new
species of Bradyrhizobium (Bradyrhizobium paxllaeri and
Bradyrhizobium icense) were reported in Peru (Duran et
al., 2014). In addition, it was reported that strains of the
genera Rhizobium and Sinorhizobium also induced the
formation of lima bean nodules (Ormefio-Orrillo et al.,
2007).

However, in Brazil, studies with lima bean symbiotic
rhizobia are limited because P. lunatus is not a native
legume, but a great morphological and physiological
diversity has been found among native nodulant rhizobia
of P. lunatus in the northeast of Brazil, being reported the
genera Bradyrhizobium, Sinorhizobium, Mesorhizobium
and Rhizobium (Araujo et al., 2015; Santos et al., 2011).
The studies demonstrated that although some rhizobia
have a restricted host range in P. lunatus, low host
specificity is observed and symbiosis with rhizobia strains
of more than four genera is established (Santamaria et
al., 2014).

The selection of rhizobia isolates efficient in BNF in P.
lunatus are scarce in Brazil, with only a few studies
performed in the northeast region of Brazil. Among these
studies, the efficiency BNF of rhizobia isolates in P.
lunatus genotype UFPI-468 “fava-miuda” variety
compared to strain SEMIA 4077 - CIAT 899 (strains
recommended for common bean - P. vulgaris inoculant
production) and SEMIA 6357 (NGR 234) symbiont of

diversity legumes has been evaluated. The authors
observed that eight of the rhizobia isolates contributed to
the increase in shoot dry mass, higher N accumulation,
reflecting a higher efficiency of these isolates in BNF,
compared to the reference strains (Antunes et al., 2011).
Similarly, in another study, four isolates of the genera
Bradyrhizobium and Rhizobium were evaluated for their
symbiotic performance in “boca de moga” and “branca”
varieties. The authors reported that plants inoculated with
isolates of the genera Bradyrhizobium showed higher
growth, nodulation and nitrogen content, reflecting higher
photosynthetic efficiency compared to plants inoculated
with Rhizobium isolates (Da Costa Neto et al., 2017).

Currently, in the state of Rio Grande do Sul, Brazil,
there are no native isolates or strains released like
inoculants for P. lunatus. Therefore, there is a need to
isolate and select native rhizobia symbionts of P. lunatus,
efficient in BNF that contribute to increase in sustainable
productivity. In this sense, the objective of this research
was to evaluate the capacity of symbiotic efficiency of
native rhizobia from soils of the state of Rio Grande do
Sulin P. lunatus plants.

MATERIALS AND METHODS
Study site

The study was conducted at the Soil Microbiology Laboratory and
greenhouse of the Soil Department of the Federal University of Rio
Grande do Sul (UFRGS). Soil samples were collected from different
locations in rural area of Rio Grande do Sul (Table 1). The sall
samples were collected at a depth of 0-20 cm, considering the
presence of native or introduced leguminous plants. Root nodules
were also collected from Desmodium species plants at the UFRGS
Agronomic Experimental Station (EEA), in Eldorado do Sul — RS,
Brazil.

Isolation and characterization of rhizobia colonies from soil
samples and nodules collected in the field

The soil samples were taken to the Soil Microbiology Laboratory
where a suspension of 10 g of soil in 90 mL of sterile saline solution
(NaCl 0.85%) was performed on horizontal shaker for 3 h. In the
installation of the experiment, lima bean seeds “olho de cabra
preto” variety provided by the producer and “leucena” (Leucaena
leucocephala) collected at the EEA-UFRGS as bait plants to obtain
nodules were used. The seeds were disinfected by successive
immersion in alcohol (70%) for 30 s, sodium hypochlorite (2.5%) for
30 s and immediately received six consecutive washes with sterile
distilled water (Vincent, 1970). Then, seeds of leucena and lima
bean were seeded separately in plastic pots with a mixture of
vermiculite and sand (2:1) and inoculated immediately with addition
of 2 mL of the suspensions of the soil samples in each pot, with 5
replications for each soil sample. The plants of leucena was
irrigated with Sarruge (1975) nutrient solution and lima beans with
Hoagland and Arnon (1950) nutrient solution modified by Silveira et
al. (1998) during the experiment and cultivated under laboratory
conditions.

After 45 days from inoculation, the root of the leucena and lima
bean plants were removed and nodules with alcohol (70%) for 30 s,
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Table 1. Locations and georeferencing of soil and nodule samples.

Sample of soil Location Latitude (S) Longitude (O) Predominant legume on location
1 Eldorado do Sul - RS 30°5'19.03” 51°40°'28.21”  Desmodium spp.
2 Eldorado do Sul - RS  30°5'16.75” 51°40'29.24”  Desmodium spp.
3 Eldorado do Sul - RS 30°6’58.50” 51°39’57.98”  Bracatinga (Mimosa scabrella)
4 Porto Alegre - RS 30°4°15.87” 51°8°20.55” Leucena (Leucena leucocephala)
5 Viaméo - RS 30°7°43.57” 51°4'4 44" Marica (Mimosa bimucronata)
6 Viaméo - RS 30°7'51.18” 51°3'58.67” Inga (Inga marginta)
7 Viaméo - RS 30°7°50.46” 51°4'0.46” Unidentified tree

followed by sodium hypochlorite solution (1%) for 30 s and 7
washes with sterile distilled water. Then, in laminar flow chamber,
each nodule were placed in sterile test tubes and macerated with
sterile glass rod. The suspension of the macerated nodules was
inoculated on plates with Yeast Mannitol Agar with Congo Red
(YMA+CR) (Vincent, 1970) in laminar flow chamber using either the
drop method (Miles et al., 1938) or streak scattering method
separately (Buck and Cleverdon, 1960). After the plates were
incubated in an incubator at 28 + 2°C for 10 days, the nodules of
Desmodium spp. collected in the field were disinfected and
processed in the same way as the leucena and lima bean nodules
described earlier.

All bacterial isolates were transferred to other plates with
YMA+CR to obtain colonies with persistent morphology, and daily
evaluation of bacterial colony growth in order to analyze the colony
morphology. The colony diameter and color, border type, opacity
and consistency, and growth time were also observed. In addition,
the pH changes of the YMA with bromothymol blue (YMA+BB) was
evaluated. All isolates obtained were maintained in LMA medium
test tubes (Vincent, 1970) in refrigerator.

Evaluation of rhizobia isolates symbiotic capacity in lima bean
plants

Rhizobia isolates obtained from nodules of lima bean and
Desmodium spp., in addition to the rhizobia isolates from leucena
nodules were evaluated for their ability to induce nodulation in lima
bean plants growing on laboratory conditions. For this, each isolate
was inoculated into falcon tubes with 30 mL of yeast mannitol (YM)
broth (Vincent, 1970) and kept in an orbital incubator at 28°C+2
\lNith agitation of 120 rpm to achieve a concentration of 108 cells.mL’

The seeds previously disinfected were placed in 700 mL plastic
pots containing a mixture of vermiculite and sand (2:1) and then
inoculated with 1 mL of broth from each bacterial isolate with three
replications. During the experiment the plants were irrigated with
Hoagland and Arnon (1950) nutrient solution modified by Silveira et
al. (1998) diluted to 50% without nitrogen. Also, an uninoculated
control treatment was conducted to ensure there was no cross
contamination. After a period of 45 days the experiment was
finished, after observing the root nodules formed and the presence
of red color, indicating symbiotic nitrogen fixation.

Evaluation of symbiotic efficiency in nitrogen fixation of
rhizobia isolates in lima bean plants

This experiment was conducted under greenhouse conditions. The
rhizobia tested, 11 isolates from lima bean (Plu01, Plu02, Plu03,
Plu05, Plu06, Plu08, Plu08, Plu09, Plull, Plul3 and Plul4) and the

strains SEMIA 4077 (Rhizobium tropici CIAT 899) and SEMIA 6357
(NGR 234) were evaluated. The strain SEMIA 4077 (R. tropici CIAT
899) is released by the Ministry of Agriculture, Livestock and Food
Supply (MAPA) from Brazil for the production of commercial
inoculants to common bean (P. vulgaris) and SEMIA 6357 has
been included in the experiment due to BNF efficiency in cowpea
(genotype “UFPI-468" — “Fava-miuda” variety) (Antunes et al.,
2011). These strains were obtained from the rhizobia collection
SEMIA of the Department of Diagnostic and Agricultural Research
(DDPA) from Brazil. The inoculum from each of the isolates and
strains were incubated to a concentration of 10 cells.mL™ in YM
broth, the same way as previously described in the evaluation of
the symbiotic capacity of the isolates.

In this experiment, seeds of lima bean were used, which were
previously disinfected by the method described earlier. After
disinfection, the seeds were planted in 1.5 L plastic pots, containing
a mixture of vermiculite and sand (2:1) and then inoculated with 2
mL of broth from each isolate studied. One week later roughing was
done leaving one plant per pot and put a sterile iron stand to help
the plant curl up and stand up.

The experimental design was randomized blocks with 14
inoculated treatments and two controls non-inoculated, one without
nitrogen (Control-N) and the second with addition of nitrogen
(Control+N) at a dose of N equivalent to 100 kg.ha™ receiving
NH4NO3, being divided into 5 applications of 10 mL of a solution of
(4.28 g.L'") NH4NO; during the experiment. After the 45 days of
cultivation period, the plants were collected by separating the shoot
from the root system. Shoot dry mass (SDM), root dry mass (RDM),
and nodule dry mass (NDM) were evaluated, and then the nitrogen
accumulated N (Nac) in the shoot. For this, the shoot was packed in
paper bags and dried in oven with forced air circulation at 65°C for
three days and then ground for the quantification of nitrogen by the
method described by Tedesco et al. (1995). The roots were washed
to remove adhered substrate particles and the nodules were
removed and dried separately from the bag roots under the same
conditions as earlier and weighed in the balance. The relative
efficiency index (REI) was determined according to Brockwell et al.
(1966) of BNF of rhizobia isolates and strains.

The REI was calculated using the formula:

REI = ((NT - NT-N) / (NT + N - NT-N)) x 100

where NT = total nitrogen of plant of inoculated treatment; NT-N =
total nitrogen of control uninoculated and without nitrogen; NT + N =
total nitrogen of control uninoculated and receiving nitrogen
supplementation (Brockwell et al., 1966).

Statistical analysis

The data obtained were submitted to the analysis of variance, being
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the comparison of averages performed by the test of Tukey
(p<0.05) using the statistical program SPSS 15.

RESULTS
Rhizobia isolates obtained

With the sampling and isolation studies, 28 bacterial
isolates were obtained from soil samples and nodules: 14
isolates were obtained from soil samples (6 and 7) using
lima bean as bait; 12 were isolated of nodules of
Desmodium spp. collected in the field at location
Eldorado do Sul; and 2 isolates were obtained from soil
sample 4 using leucena as bait (Table 2).

All isolates showed colony morphology with convex
elevation and entire border, in addition to the
characteristics such as: surface form (circular or
punctiform), color (white or pink), opacity (opaque or
translucent), consistency (gummy or watery), time of first
colony onset (between 2 - 8 days) and diameter (£ 1Tmm
or more) could be presumptive of rhizobia (Figure 1).

For the production of acid alkali related to the reaction
in YMA+BB medium, 14 isolates of lima bean were
observed, six produced acid reaction (Plu01, PIlu02,
Plu04, Plu07, Plu09, Plul3) and eight isolates produced
alkaline reaction (Plu03, Plu05, Plu06, PIlu08, Plull,
Plul2, Plul4). Some bacterial isolates such as Plu03,
Plu05, PIlu06, besides having growth 7-8 days, generated
alkali production in YMA+BB medium, characteristics that
could be presumptive of Bradyrhizobium genera
(Somasegaran and Hoben, 1994). Among the rhizobia
isolate of nodule of Desmodium spp., 11 produced acid
reaction (Des01, Des04, Des05, Des06, Des08, Des14,
Desl15, Des21, Des22, Des22, Des26) and one (Des09)
produced alkaline reaction. The leucena rhizobia isolates
Leu01 and Leu02 produced acid reaction.

For the production of acid alkali related to the reaction
in YMA+BB medium, 14 isolates of lima bean were
observed, six produced acid reaction (Plu01, Plu02,
Plu04, Plu07, Plu09, Plul3) and eight isolates produced
alkaline reaction (Plu03, Plu05, Plu06, PIlu08, Plull,
Plul2, Plul4). Some bacterial isolates such as Plu03,
Plu05, PIlu06, besides having growth 7-8 days, generated
alkali production in YMA+BB medium, characteristics that
could be presumptive of Bradyrhizobium genera
(Somasegaran and Hoben, 1994). Among the rhizobia
isolate of nodule of Desmodium spp., 11 produced acid
reaction (Des01, Des04, Des05, Des06, Des08, Desl14,
Desl5, Des21, Des22, Des22, Des26) and one (Des09)
produced alkaline reaction. The leucena rhizobia isolates
Leu0l1 and Leu02 produced acid reaction. In the rhizobia
authentication, the isolates Plu01, Plu02, Plu03, Plu06,
Plu07, Plu08, PIlu09, Plull, Plul3 and Plul4 induced
nodules and produce leghemoglobin activity in plants of
lima bean, being selected to be evaluated in a

greenhouse experiment to evaluate the BNF efficiency
(Table 2).

Symbiotic efficiency of rhizobia isolates in plants of
lima bean

The values of production of shoot dry mass (SDM), root
dry mass (RDM), dry nodule mass (DNM), accumulated
nitrogen (Nac) in shoot and Relative Efficiency Index
(REI) (Brockwell et al., 1966) obtained from lima bean
cultivate in a greenhouse, are shown in Table 3. A higher
shoot dry mass in treatments inoculated with isolate
Plul4 was observed, followed by Plu03 and SEMIA 4077
compared to treatment control with addition of nitrogen
(Control+N). Plants inoculated with SEMIA 4077 strain
produced similar SDM to Control+N while those
inoculated with strain SEMIA 6357 was lower. The other
treatments obtained values below the Control+N.

In the variable, root dry mass (RDM) was found that the
plants inoculated with Plul4 and SEMIA 4077 showed
higher RDM compared with Control+N. The other
treatments were similar to the Control+N with exception
of control non-inoculated without N (Control-N).

The nodules dry mass (NDM) varied between
inoculated treatments. The highest values in plant
inoculated with isolates Plul4, Plu03, Plul3 and the
strain SEMIA 4077 were obtained, being the isolates
Plul4 and PIu03 superior to strain SEMIA 4077 (p<0.05).
The plants inoculated with strain SEMIA 6357, followed
by inoculated treatments Plu01, Plu02, PIu05, PIu06,
Plu07, PIlu08, PIlu09, Plull and Plul3 have low NDM
values found, compared to strain SEMIA 4077
recommended by MAPA for common bean (Table 3).
Related to the nitrogen fixation capacity, the isolates
Plu14 and PIu03 contributed to a greater accumulation of
N in the shoot of plants compared to the plants non-
inoculated with addition of N (Control +N) and strain
SEMIA 4077 with significant differences (p<0.05), being
the isolate Plul4 superior to all treatments (Table 2). In
addition, treatment with strain SEMIA 4077 was observed
to be similar to non-inoculated control treatment Control
+N, while treatment with SEMIA 6357 had a low N
accumulation compared to Control + N. The other
isolates and Control-N were inferior to the non-inoculated
treatment (Control + N).

In this study, the Relative Efficiency Index (REI)
according to Brockwell et al. (1966), the isolates Plul4
and Plu03 stood out as the most efficient in biological
nitrogen fixation, obtaining an REI of 164 and 146
respectively, exceeding 100% of control treatment non-
inoculated with addition of N (control+N). The treatment
with strain SEMIA 4077 obtained an REI of 97%, followed
by treatment with Plul3 isolate of 82%, values close to
100% obtained by Control+N. However, a low REIl was
observed in the treatment with strain SEMIA 6357
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Table 2. Origin, phenotypic characteristics, growth time in YMA+RC, acidic or alkaline reaction in YMA+BB, and authentication of rhizobia isolates obtained from Rio Grande do Sul
soils and nodules, evaluated as symbiont of lima bean.

Growth time  Diameter ~ Nodules Fix (+)in  Reaction acid/alkaline

Isolate Origin/Sample number Form Margin  Elevation  Color Opacity  Consistency (days) (mm) lima bean* YMA+BB
Des01 Eldorado do Sul city/ 1 Circular Entire Convex Pink  Opaque  Gummy 4 5 Acid
Des04 Eldorado do Sul city/ 1 Circular Entire Convex White  Opaque ~ Gummy 4 7 Acid
Des05 Eldorado do Sul city/ 1 Circular Entire Convex White  Opaque ~ Gummy 3 7 Acid
Des06 Eldorado do Sul city/ 1 Circular Entire Convex White  Bright Gummy 4 5 Acid
Des08 Eldorado do Sul city/1 Circular Entire Convex White  Opaque  Gummy 3 6 Acid
Des09 Eldorado do Sul city/ 1 Circular Entire Convex White  Opaque  Gummy 4 5 Alkaline
Des14 Eldorado do Sul city/ 2 Circular Entire Convex White  Opaque  Gummy 4 5 Acid
Des15 Eldorado do Sul city / 2 Circular Entire Convex White  Opaque ~ Gummy 3 4 Acid
Des21 Eldorado do Sul city/ 3 Circular Entire Convex White  Opaque ~ Gummy 3 4 Acid
Des22 Eldorado do Sul city/ 3 Circular Entire Convex Pink  Opaque  Gummy 4 4 Acid
Des23 Eldorado do Sul city/ 3 Circular Entire Convex Pink  Opaque  Gummy 4 5 Acid
Des26 Eldorado do Sul city/ 3 Circular Entire Convex Pink  Bright Gummy 4 9 Acid
Leu01 Porto Alegre city/ 4 Circular Entire Convex White  Opaque  Gummy 3 4 Acid
Leu02 Porto Alegre city/ 4 Circular Entire Convex White  Opaque  Gummy 3 3 Acid
Plu01 Viamao city/ 7 Circular Entire Convex Pink  Bright Gummy 2 2 + Acid
Plu02 Viamao city/ 7 Circular Entire Convex Pink  Bright Gummy 2 3 + Acid
Plu03 Viamao city/ 7 Punctiform Entire Convex Pink  Bright Aqueous 8 1 + Alkaline
Plu04 Viamao city/ 7 Circular Entire Convex White  Bright Gummy 3 4 Acid
Plu05 Viaméo city/ 7 Punctiform Entire Convex Pink  Opaque  Aqueous 7 1 + Alkaline
Plu06 Viaméo city/ 7 Punctiform Entire Convex Pink  Bright Aqueous 7 1 + Alkaline
Plu07 Viaméo city/ 7 Circular Entire Convex Pink  Opaque  Aqueous 3 1 + Acid
Plu08 Viamao city/ 7 Punctiform Entire Convex Pink  Bright Gummy 5 1 + Alkaline
Plu09 Viamao city/ 7 Circular Entire Convex Pink  Bright Aqueous 5 <1 + Acid
Plu10 Viamao city/ 7 Punctiform Entire Convex Pink  Opaque  Agueous 5 1,5 - Alkaline
Plu11 Viamao city/ 7 Punctiform Entire Convex Pink  Opaque  Agueous 5 <1 + Alkaline
Plu12 Viamao city/ 6 Punctiform Entire Convex Pink  Bright Aqueous 5 <1 - Alkaline
Plu13 Viaméo city/ 7 Circular Entire Convex Pink  Opaque  Aqueous 5 1 + Acid
Plu14 Viamao city/ 7 Punctiform Entire Convex Pink  Opaque  Aqueous 5 <1 + Alkaline

Des: Desmodium spp.; Plu: Phaseolus lunatus; YMA+BB: Yeast Mannitol Agar+ Blue de Bromothymol.
evidenced in the lima bean nodules being considered active.

*The authentication of the isolates was determined by the leg hemoglobin activity
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Figure 1. Characteristics of rhizobia isolates obtained from soil and nodules samples collected in the field.

Table 3. Production of plant, shoot dry mass (SDM), root dry mass (RDM), nodule dry mass (NDM),
accumulated nitrogen (Nac) in shoot, Relative Efficiency Index (REI) (Brockwell et al., 1966) on lima bean
(Phaseolus lunatus L.) cultivated in a greenhouse conditions.

Treatment SDM (9) RDM (g) NDM (mg) Nac (mg) REI %
Control+N 4.74° 1.33%¢ 0° 186° 100
SEMIA 4077 4.65° 1.69° 600° 182° 97
SEMIA 6357 2.64° 1.38%% 256° 429" 16
Plu01 2.53° 1.21° 200°% 99° 54
Plu02 2.12 1.20° 188% 67" 31
Plu03 5.79" 1.36%%¢ 730° 259° 146
PIu05 2.52° 1.38%% 220 49° 20
Plu06 3.89¢ 1.43¢ 254° 99° 58
PIu07 1.84" 1.49%¢ 96' 18 2
PIu08 1.519 1.23% 102 26" 7
PIu09 1.66° 1.26% 140% 33" 25
Plull 2.77° 1.50%¢ 142°f 64' 44
Plu13 4.23¢ 1.19° 554° 164¢ 82
Plul4 6.68° 1.63% 7542 2972 164
Control-N 1.84" 0.83 0° 14 0

Control-N: Non-inoculated control treatment without nitrogen; Control+N: non-inoculated control treatment with
addition of nitrogen; Plu: isolate of rhizobia, symbiont of lima bean olho de cabra preto variety; SEMIA: strain of
rhizobia SEMIA collection. Averages followed by the same letter in the column do not differ among themselves by

Tukey test p<0.05 (n = 5).

equivalent to 16% and 2-58% in the other isolates
treatments.

DISCUSSION

Isolation, selection and diversity studies of rhizobia with
ability to perform symbiosis with lima bean are still few in
Brazil, possibly due to the fact that lima bean (P. lunatus
L.) is not a native legume in the country (Araujo et al.,
2015). Some studies developed in Peru, where it is

considered native, Mexico and in the northeast of Brazil,
have shown that lima beans can be considered
promiscuous because they have low host specificity and
form symbiosis with isolates of four rhizobia genera:
Bradyrhizobium,  Mesorhizobium,  Rhizobium and
Sinorhizobium (Ormefio-Orrillo et al., 2006; Ormefio-
Orrillo et al., 2007; Santos et al., 2011; Antunes et al.,
2011; Loépez-Lépez et al., 2013; Santamaria et al., 2014;
Duran et al., 2014; Araujo et al., 2015; Servin-
Garciduefias et al., 2014; Ormefio-Orrillo et al., 2017).

In this study, it was possible to obtain several bacterial



isolates on YMA+RC medium of soil samples collected
from different location of the state of Rio Grande do Sul
and from root nodules of Desmodium spp., being the
highest number of rhizobia symbiont of lima bean from
soil samples using the same plants as bait. Furthermore,
the results showed that the rhizobia obtained from
Desmodium spp. and L. leucocephala nodules as bait in
soil sample, are not able to form nodules in lima bean
olho de cabra preto variety in the symbiotic evaluation
test. This is possible because the symbiotic association
and nodule formation are dependent on both plant
genotypes as inoculated isolate and environmental
conditions (Moreira and Siqueira, 2006).

Among the rhizobia isolates obtained as lima bean
symbionts in this study, some have characteristics that
distinguish the genera Bradyrhizobium. Similar results
were observed in isolates obtained from nodules of lima
bean crops in Peru soils, where the genera
Bradyrhizobium was the predominant symbiont (Ormefio-
Orrillo et al., 2006). However, other rhizobia obtained in
this study showed rapid growth and acid production,
similar to characteristics found in isolates identified as
Rhizobium spp. obtained from lima bean variety “fava-
miuda” (Santos et al., 2011), but the identification of the
genera and species of rhizobia of these isolates obtained
in this study requires molecular identification by 16S.

In the evaluation of symbiotic efficiency of isolates of
rhizobia, the shot dry mass (SDM) of plants besides
being considered an indicator of nutritional status variable
in the production of plant cultivation, allows the selection
of new isolates to be suggested as strains for the
production of inoculants (Xavier et al., 2006; Zilli et al.,
2006; Souza et al.,, 2008). In this study, the results
showed that Plu03 and Plul4 isolates provided a higher
production of SDM compared to non-inoculated control
treatments (Control-N and Control+N) and the strain
recommended for common bean SEMIA 4077. Similar
results were found by Antunes et al. (2011) in
northeastern Brazil, in the state of Piaui, where they
evaluated the efficiency of some isolates symbiont of
UFPI-468 genotype, collected and described by Santos
(2008), using as criteria the SDM of plants, SEMIA 4077
and SEMIA 6357 (NGR 234) strains and an absolute
non-inoculated nitrogen free control (Control-N) as
controls. The authors found that 12 isolates evaluated
generated in plants a SDM similar to the two strains
SEMIA 4077 and SEMIA 6357, which were efficient and
higher than the absolute control (Control-N). However,
these results also contrast with those obtained in the
study in lima bean (Table 3) with strain SEMIA 6357,
where low SDM of plants was found under both strain
SEMIA 4077, Plu03 and Plul4 isolates and non-
inoculated treatment control (Control-N).

Other similar result was found in one study from the
state of Piaui, Brazilian northeast, where native isolates
of genera Rhizobium and Bradyrhizobium were evaluated
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in lima bean plants of “Boca de Mog¢a” and “Branca”
varieties in three evaluation periods (37 days after
germination, 50 days after pod emission and 63 days in
the declining nitrogen fixation period). The authors
reported that plants inoculated with Bradyrhizobium
(ISOL18) showed a higher continuous increase of SDM
of plants during the three periods (Da Costa Neto et al.,
2017).

In the variable root dry mass (RDM) of plants, the
results showed that the plants inoculated with Plul4
isolated and the SEMIA 4077 strain influenced a higher
increase of root growth of lima bean plants, being
superior to the non-inoculated control treatments (Control
+ N and Control N). Similar results were found by Da
Costa Neto et al. (2017) in the “Boca de Moga” and
“Branca” varieties of lima bean inoculated with Rhizobium
and Bradyrhizobium isolates, where they showed that
Bradyrhizobium isolate (ISOL18) increased the RDM of
plants during the three periods of evaluation. Contrary to
the results obtained by Antunes et al. (2011) in lima bean
genotype UFPI-468, where rhizobia isolates had no
influence on root growth compared to control (Control-N).

Regarding the nodules dry mass (NDM) is a widely
used variable as an indication of nodulation, which allows
to determine the best performance of symbiotic
association (DObereiner, 1966; Bohrer and Hungria,
1998; Hungria and Bohrer, 2000; Ferreira and Castro,
1995; Aradjo et al., 2007), being evidenced in this study.
The highest performance in the isolates Plu14, Plu03 and
Plul3, and strain SEMIA 4077, standing out is isolates
Plul4 and PIu03 as superior to strain SEMIA 4077.
Similar results were found by Da Costa Neto et al. (2017)
where the isolate ISOL18 (Bradyrhizobium spp.) induced
a higher NDM in lima bean plants Boca de Moca and
Branca varieties. In the same way, Antunes et al. (2011)
reported that seven isolates of lima bean genotype UFPI-
468 showed the best nodulation performance, similar to
the SEMIA 4077 and SEMIA 6357 strains used as
control. Although in our study with lima bean plants
inoculated with the SEMIA 6357 strain showed low
nodulation, as did the other isolates (Table 3) and these
results can be explained by the fact that nodule formation
is dependent on plant genotype, isolate or inoculated
strains and environmental conditions (Moreira and
Siqueira, 2006) varieties compared to Rhizobium spp.
which showed a low nodulation.

In relation to the nitrogen accumulated (Nac) in shoot of
the plants the results indicate that the treatments with the
isolates Plul4 and Plu03 presented higher ability to fix N
atmospheric by symbiotic association and supply it to the
lima bean plant in conditions of this experiment, being
superior to the non-inoculated control treatment without N
(Control-N), non-inoculated control with N addition
(Control + N) and SEMIA 4077 strain. These results are
similar and in agreement with those found by Antunes et
al. (2011), which showed that eight of the isolates tested
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in lima bean genotype UFPI-468 also had higher ability to
fix N atmospheric. Likewise, the results agree with that
found by Da Costa Neto et al. (2017), where the isolate
ISOL18 stood out for increasing Nac in lima bean Boca
de Moca and Branca varieties.

In addition, the strain SEMIA 4077 that had not been
evaluated on lima bean olho de cabra preto variety plants
facilitated a higher nitrogen accumulation in the shoots
similar to non-inoculated control treatment with addition
of N (Control + N). This opens the possibility of being
recommended for this variety of lima bean in addition to
the genotype UFPI-468 where this same strain had
higher ability to fix nitrogen (Antunes et al., 2011).
However, SEMIA 6357 induced a lower accumulation of
N in the shoot compared to the control (Control + N),
differing from that found by Antunes et al. (2011) in the
genotype UFPI- 468, where strain SEMIA 6357 showed
higher Nac.

The relative efficiency index — REI (Brockwell et al.,
1966) indicates the percentage efficiency of bacteria on
nitrogen fixation in symbiotic association with legumes.
The results in this study showed that Plu03 and Plul4
isolates were the most efficient, due to the REI values
exceeded 100%, above the minimum efficiency of 70%
expected from rhizobia potentially efficient (Miranda,
1995). These isolates were the same ones that also
presented higher SDM, RDM, DNM and Nac. Likewise, in
a study with lima bean genotype UFPI-468, the authors
found eight isolates efficient in biological nitrogen fixation
(Antunes et al., 2011) using the efficiency index
according to Faria and Franco (2002).

In case of SEMIA 4077 and SEMIA 6357 strains, the
results showed that only SEMIA 4077 strain showed a
REI above 70% minimum, differing from that found by
Antunes et al. (2011) in the lima bean UFPI-468
genotype where SEMIA 6357 was efficient.

Conclusion

The rhizobia isolates Plu03 and Plul4 are efficient in
biological nitrogen fixation in lima bean plants, as well as
the strain SEMIA 4077 and might be recommended for
future agronomic efficiency studies within different soils,
both in the greenhouse and in the field for lima bean olho
de cabra preto variety.
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