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Inoculation of rhizobia increases lima beanPhaseoluslunatus) yield
in soils from Piaui and Ceara states, BraZzil
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ABSTRACT

The inoculation of rhizobia in lima bean can increase its yield and contribute to smallholder farms. In tHisestudy
potential of rhizobia in increasing the lima bean yield was evaluated in two regions from Piaui and Ceara states. The
experiments were conducted in field comparing three rhizobia strains (UFP132, UFPI38, UFPI59), one strain of reference
to Phaseolus vulgarigCIAT899) and two controls (with and without nitrogefihe parameters of nodulation, N
accumulation and yield varied between treatments and locations. The nodule biomasses were higher in UFPI59 and
UFPI32 (Piaui), and CIP899 and UFPI32 (Ceard)he highest values of nodule size were found in treatments UFPI59
in both locations. Lima bean presented highest values of leaf N in UFP159 ah@90IAhe highest values of grain
yield were found in the treatment UFPI59 as compared td &8 and the control$he results confirmed the potential
of UFPI59 in promoting nodulation, N accumulation, plant growth and yield of lima bean in both locations.
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INTRODUCTION important process that mancrease the lima bean yield

Lima beanPhaseolus lunatyss an important lequme (LOPeset al., 2015). Indeed, previous studies, under
crop cultivated in someoaintries of North, Central and greenhouse conditions, have reported N-fixing rhizobia

SouthAmerica (Amorimet al, 2019), representing a contributing, through BNRo the growth of lima bean

substantial source of protein (Araugd al., 2015). In (Costa Netet al.,2017,Amorimet al.,2019).

addition, lima bean presents high rusticity and capaci% T:,e r;spgnszs;tf pllazn(;[i;o BdNch v'ar|es a.\ccordllng to
to withstand long dry periods similar those found in th € rhizobia (Cardoset al., ) and their growing region

Northeastern region of Brazil (San@sal. 2011). Indeed ?Leggettet al.,2017). Thus, rhizobia isolated from a region

. . ) and adapted to its specific soil conditions need to be
lima bean is cultivated by smallholder farms from the . ) "
évaluated in different locations and conditions, such as

No(;tr(l:east,ern rr]eglonhof Brazn., rlr&qlnly the sta(;gs %fféalf'émperature, chemical properties and population of native
and Ceara, where the crop yield Is estimated in 0.45198 o i, (Kosket al., 2017; Irisarriet al.,2019). It is

N . L. .
ha* (IBGE, 2018). Despite of its importance, lima bean y%ﬁportant since indication of potential rhizobia should

presents low production and one reason is the low ngigerate their efficiency in different regions and soil

availability in soil. conditions. So fathe studies evaluating potential N-fixing
However lima bean is a N-fixing crop and thisrhizobia are concentrated to soybean, common bean and

characteristic can increase its growth and yield (Amorimowpea (Merkelet al.,2016; Pintcet al.,2007; Batistat

et al.,2019). Thus, the biological N fixation (BNF) is anal., 2017), while the are not studies with lima bean, mainly
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under field conditions in dférent regions.As seconds, being washed five times with sterile distilled
consequence, lima bean does not have any recommendeder Afterwards, seeds were inoculated (in the inoculated
rhizobia for inoculation, being necessary to advance theeatments) and sowed, immediatefyplots with 30
studies for selecting rhizobia to this crop. each, with 20 rhof usable area for analysis, and rows are
Therefore, itis necessary and important the searchisgaced 1.0 m apart. In each rghants were spaced 1.0m
of suitable agricultural practices to increase the lima be&etween them which provides a total of 10000 plants per
yield. The optimization of BNFby the selection of Bfient  hectare. The positive control (+N) received 20 kg Ka
N-fixing rhizobia, could contribute for increasing the lima(100 kg ha NH,SO,) at sowingAll plots received chemical
bean yield. Thus, the aim of this field study was to evaluatertilization with P (60 kg haP,0O,) and K (30 kg h&K,O).
the potential of rhizobia in increasing the lima bean yielth both locations, lima bean was grown under rainfed
in two regions from Piaui and Cear4 states. conditions.
At 45 days after sowing (flowering stage), five plants
MATERIAL AND METHODS from each plot were collected and excised at the
The experiments were simultaneously conducted abtyledonal node to separate shoots from roots. In the
Piaui and Ceara states, Brazil, from May througfliowering stage, lima bean presents the highest number
September 2019. In Piaui state, the experiment was active nodules (Santct al., 2009). Nodules were
conducted in the Experimental Field from Universidadseparates from the roots and counted to determine nodule
Federal do PiauTeresina (05°05'21"S; 42°48'07"W) undernumber (NN)Afterward, nodules, shoots and roots were
a mean of temperature of 28 and 70% of humidityin  dried (65°C; 72 h) and weighed to determine nodules
Ceara, the experiment was conducted at Instituto Fede¢slDW), shoot (SDW) and roots (RDW) dry weight.
do Ceard, Tiangua (3°43'55"S; 41°0'45W) under a mean Nibdules size (NS) was estimated by using the ratio between
temperature of 22 and 81% of humidityThe soils from NDW and NN, expressed as mg per nodule (Retlad,
Piaui and Ceara were classified as Fluvic and Quartzare@@19). Total N in plant was estimated by by Kjedahl
Neosols, respectivelnnd the chemical properties (0-20method.At 70 days, lima bean yield was evaluated by
cm) are shown iTable 1. Particularlysoil from Ceara sampling of five plants inside the plots and grains were
presented low soil pH (5.0) and it was corrected by usirdyied for 13%.
650 kg ha of dolomitic lime (17% CaO and 13% MgO)  The normality of data was analyzed by using the test
that was applied uniformly on the soil surface. The raief Shapiro-Wk and treatments were assessed in two
was calculated according to Bezestal.(2010). locations (Piaui and Ceara)fterward, data were
Six treatments were compared under a randomizeathtistically analyzed by usilgNOVA, and the means
block design with four replicates. The treatments consistegere compared using Scott-Knott tgs£(0.05%).
of three rhizobia UFPI3Bfadyrhizobium sy, UFPI138
(Rhizobium sp and UFPI-59 Bradyrhizobium p.), RESULTSAND DISCUSSION
isolated in soils from Piaui state (Anturegsal., 2011) Lima bean grown in Ceara showed the highest and
and selected from previous studies under greenhousgest values of NN and NDWith CIAT899 and NC,
conditions. These rhizobia One strain of reference respectively (@ble 2). Howevethe inoculation of UFPI32
Phaseolus vulgarigCIAT899; Rhizobium topici) and promoted similar value of NDW in lima bean as compared
two controls (PC — with N; NC — without N). The strainsto CIAT899.Although CIAT899 has promoted higher NN
All strains were grown in Erlenmeyer flasks containinggnd NDW in lima bean grown in Ceara, the value of NS
50 mL of liquid culture broth (under orbital shaking at 20@vas highest with UFP159. Regarding to lima bean growth,
rpm, 28 °C, 72 h). The bacterial growth was verified througihe values of SDW and RDW presented small variation
a spectrophotometer (wavelength of 540 nm) consideritgtween treatments &ble 2).Thus, PC presented the
a final concentration of 2@FU mL?. Seeds of lima bean, highest values of SDWeing similar to UFP132, UFPI59
genotype UFPI480, were disinfested with alcohol (70%gnd CIAr899, and higher than UFPI38 and NC. In
for 30 seconds and sodium hypochlorite (2%) for 66ontrast, UFPI32 promoted the highest R¥éing similar

Table 1: Chemical properties of the soils used in this study

pH oM P K Ca Mg

(H,0) (g kg’ (mg kY (cmokg™)
Ceara 6.0 17.0 0.7 19.5 1.2 0.5
Piaui 6.5 8.3 0.5 15.6 1.3 0.7

OM — organic matter
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to UFPI38, UFPI59, CIA899 and PC, and dérent than Anyway, the results showed @#rent responses to
NC. The inoculation of UFPI59 and CI&99 promoted nodulation, i.e. nodule number and dry weight, in lima bean
the highest accumulation of N in lima bean as comparegown in Ceara and Piaui. In Ceara, T8A9 stimulated a
to the other treatmentsdible 2). greater number of nodule than other rhizobia, and it suggest
The values of NN did not vary between treatments itihat the rhizobia from Piaui (UFP132, UFPI38, UFPI59) do
lima bean grown in Piaui, while that the inoculation ohot present efficiency in stimulating nodulation in lima bean
UFPI59 and UFPI32 promoted higher values of NDWh Ceara. HoweverlUFPI32 promoted similar values of
(Table 3). Interesting)\the value of NS was found in lima nodule biomass as compared to T389 in lima bean grown
bean inoculated with UFPI59. Lima bean grown in Piaufh Ceara. Since nodule biomass and size are the most
presented the highest values of SDW with the inoculatiomportant parameters to estimate the efficiency of BNF in
of UFPI38 and UFPI59 @ble 3). Howeverthe highest comparison to nodule numbédutcuet al.,2010), these
values of RDW were found in lima bean inoculated witlhesults suggest potential efficiency of UFPI32 in nodulating
UFPI32 and UFPI59. Regarding to leaf N, the highedima bean in Ceara.
values were observed with the inoculation of UFPI59 and On the other hand, UFPI59 presented better
CIAT899. performance in increasing the nodule size in lima bean in
The highest values of grain yield were found in limdgoth states. The better performance of UFPI-59 in
bean inoculated with UFPI59 as compared toT8%9, stimulating larger nodules could be important to increase
PC and NC in both Ceara and Piaui statbld 4). In the biological N fixation, since higher nodules contribute
addition, the inoculation of UFPI38 also contributed to

increase the grain yield as compared to PC and NC in bathye 4: values of yield (kg h§ of lima bean inoculated with

states. rhizobia and grown in Piaui and Ceard staeg0 days of lima
In this study four potential rhizobia strains to lima bean sowing

bean inoculation were evaluated under field conditions in Ceara Piauf
both Cearéa and Piaui states. These strains were compadgglgz 437 816
against a strain of reference to commom beanT18%8) ;-p 33 807" 99g®b
and two controls (NC and P@lthough both states were gp|59 1008 1150
not statistically compared, the results showed higheyaTgog 410 758
nodulation in Ceara than Piaui, and it can be explained fec 650 350
the lowest soil temperature found in Ceara that contributétt 400 175

for a better environment to rhizobia. PC — positive control; NC- negative control;

Table 2:Values of NN (nodule ), NDW (mg pF), NS (mg noduld), SDW (g pt*), RDW (g pt?), and leaf N (%) in lima bean
inoculated with rhizobia and grown in Ceara statet5 days of lima bean sowing

NN NDW NS SDW RDW Leaf N
UFPI32 150 144> 1.2 2,20 2.3 1.2
UFPI38 153 109 0.9 1.4 2.0 1.4
UFPI59 148 of 1.5 1.8® 1.9 1.8
CIAT899 23% 157 0.7? 2.0 2.0 1@
PC 147 132 0.9 2.4 1.8® 1.2
NC 3% 42 1.0 1.4 0.8 1.4

PC — positive control; NC- negative control

Table 3:Values of NN (nodule p), NDW (mg pl*), NS (mg nodulé), SDW (g pl*), RDW (g pt*), and leaf N (%) in lima bean
inoculated with rhizobia and grown in Piaui st#&e45 days of lima bean sowing

NN NDW NS SDW RDW Leaf N
UFPI32 17 66 3.2 2.9 4.3 1.8
UFPI38 10 25 2.3 4.9 2.1 2.9
UFPI59 18 4 4.6 4.3 3.5 3.4
CIAT899 13 10 0.7 3.0 2.1 3.3
PC 1= 11° 0.6 3. 2.2 1.6
NC S 25 2.4 2.8 2.5 1.9

PC — positive control; NC- negative control
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with more N fixed in the whole root systemafimaetal., CONCLUSIONS
2007). For instance, previous studies have reported that 11,4 strain UFPIS9. classified Bsadyrhizobiunsp.

soybean presenting larger nodules exhibits high N ﬁxati%}omotes larger nodules, higher N accumulation and plant
as compar.ed to plants with sma!ler nodules (Sa., growth in lima bean. In addition, this strain increases the
2003;Yashimzet al.,2003). InterestinglyJFPIS9 has been g 4in yield of lima bean in both Ceara and Piaui states

recognized as potential in a previous study with lima begfyich indicates this bacterium as a potential candidate to
under laboratory and greenhouse conditions (Antehesyq ocommended to inoculation in lima bean for the states
al., 2011). In addition, this strain, classified as; pjayiand Ceara. Itis important to lima bean producers

Bradyrhizobiumsp., presents interesting biochemical ot can be benefited with higher grain yield through of a
features, i.e. it is positive for catalase, gelatinase a'%ﬂstainable and biological technology
solubilization of P (Chibebet al.,2020).

Indeed, UFPI59 contributed for increasing the N contert CKNOWLEDGEM ENTS, FINANCIAL

in lima bean and it can be correlated to the higher nOdU‘JSEUPPORT AND FULL DISCLOSURE
size found with this strain. There is a strong correlation

between nodule size and N accumulation in pldvetiséet ) i
al., 2010;Voisinet al.,2015; Hamawaki & Kantartzi, 2018) de Pessogl de N'V‘?' Superior (CAPES) for th? Daxtor
holarship to the first auth@nd Conselho Nacional de

and it corroborates with the results observed in this stuc%; J o o
It can indicate that UFPI59 presents high effectiveness senvqlwmento Clent|f|cofe§nolog|co (_CNPq) for the
fellowship of Research tddemir S. FAraujo,Angela C.

contributing with N to lima bean. Previougintuneset al. ) _
(2011) also found UFPI59 increasing N accumulation in Iirré' Lopes a'nd\na Doloires S'. Frelta§hg author.s inform
that there is no conflict of interests in carrying out the

bean under laboratory conditions. o ) :
Regarding to lima bean growth, the results showd§S€arch and publishing this manuscript.

variation between treatments and it can suggest that ShEgII:'

and root biomass could not be suitable parameters 't FERENCES

evaluate rhizobia strain in lima beanyway, UFPI59 Amorim MR, Antunes JEL, Oliveira LMS, Rocha SM&quino
' JM, Figueiredo MVB &Arauljo ASF (2019) Current knowledge

promOted high values of shoot and root dry Weight in and future prospects of lima beaRh@seolus lunatysrhizobia
lima bean. In line with the results found on nodule size symbiosis. Revista de la Faculdad de Ciéndéiggarias, 5:280-
and N accumulation, the inoculation of UFPI59 promoted 288-
the higher grain yield in lima bean. This grain yield i#ntunes JEL, Gomes RLEopesACA, Araljo ASF, Lyra MCCP&
about twice as high as the average found in Ceara an&igueiredo MVB (2011) Eficiéncia simbidtica de isolados de
., rizébio noduladores de feijado-fav®laseolus luntaus.). Re-
Piaui S_tates (IBGE’ 2018)' Thus, U_FPI59 seems_ to presemista Brasileira de Ciéncia do Solo, 35:751-757.
potential to be recommended as inoculant to lima beap. . .
. . R . Araujo ASF, LopesACA, Gomes RLFBeserra Junior JEAntunes
The results also showed lower grain yield in soil without ;g ¢ Figueiredo MVB (2015) Diversity of native rhizobia
fertilization and even in in fertilized plots, and these values nodulating Phaseolus lunatusn Brazil. Legume Research,
are within the range found in previous studies with lima 38:653-657.
bean (Santost al.,2002; Oliveiraet al.,2011). Barbosa LPCosta PFRibeiro PRA, Rufini M, GuimardesA &
Finally, this study showed that, in general, nodules andM°réira FMS (2017) Symbiotic efficiency and genotypic
' . ' . o jharacterization of variants oBradyrhizobiumspp. in
plant parameters varied _between C_eara and Piaui statgs. Bmmercial inoculants for soybeans. Revista Brasileira de Ci-
means that there were differences in the responses of limancia do Solo, 41:€0160572.
bean according to rhizobia and location. These differencgsista ER. Guimaraes SL, Bonfim-Silva EM & SouzaAQR017)
between rhizobia on all evaluated parameters agree withCombined inoculation of rhizobia on the cowpea development in
some studies with cowpea (Far'ﬁstsal. 2016) Soybean the soil of Cerrado. Revista Ciénodgrondémica, 48:745-755.
(Barboseet al.,2017) and common bean (Mercaetel., Bezerra BRAraljo ASF, Santos JA Carneiro RFV(2010) Ferti-
2017). Regarding to location, the results showed that lima/dadeé do Solo édubacgo. In: LopeACA, Gomes RLF &Ara-

. . ., ujo ASF (Eds.)A cultura do feijdo-fava no meio norte do Brasil.
bean presented better growth and yield in Piaui than Ceardse esina, Edufpi. p.129-138.

and It, Car,] be exp,lam.eq due to the gen'otype' of Ilm_a beézra]rdosoAA, Andraus MP BorbaTCO, Martin-Didonet CCG &
used in this study is originated from Piaui, and it contributedereira EPB (2017) Characterization of rhizobia isolates
for the better performance of this state chapyway, the obtained from nodules of wild genotypes of common
results have shown that UFPI59 presents high potential t¢¢an- Brazilian Journal of Microbiologg8:43-50.
be recommended as inoculant to lima bean in Ceara deidbebaAM, Pereira CSAntunes JEL, Ribeiro RA, LopesCA,
Piaui. Howeverfurther studies should be done to evaluate G°™Mes RLE Hungria M & Aradjo ASF (2020) Polyphasic

. . . . characterization of nitrogen-fixing and co-resident bacteria in
this strain under different N rates, lima bean genotypes,,oqules of Phaseolus lunatus inoculated with soils from Piaui
and at least for two years. State, Northeast Brazil. Symbiosis, 80:279-292.

The authors thanks Coordenacadgerfeicoamento

Rev CeresyVicosa, v67, n.5, p. 419-423, sep/oct, 2020



Inoculation of rhizobia increases lima beBhéseolus lunatyyield in soils from... 423

Costa NetoVP, Mendes JBSAraujo ASF, Alcantara Neto F  Odutcu H, Kasimodlu C & Elkoca E (2010) Effects of rhizobium
Bonifacio A & RodriguesAC (2017) Symbiotic performance,  strains isolated from wild chickpeas on the growth and symbiotic
nitrogen flux and growth of lima bearPlfaseolus lunatusg.) performance of chickpea£icer arietinumL.) under salt stress
varieties inoculated with different indigenous strains of rhizobia. Turkish. Journal ofAgriculture and Forestry34:361-371.

Symbiosis, 73:117-124. Oliveira FN, Torres SB & Benedito CR2011) Caracterizacao
Delize D, Stajkoviee O, Rasulize N, Kuzmanoviee D, JoSize D & botanica e agrondmica de acessos de feijao fava, em Mossoro,

Miligiee B (2010) Nodulation and Fixation Effectiveness of RN. Revista Caatinga, 24:143-148.

BradyrizobiumStrains in Symbiosis wittAdzuki Bean,Vigna Pinto FGS, Hungria M & Mercante FM (2007) Polyphasic

gggzuglzrlzségraZIIIan Archives of Biology andTechnology characterization of BraziliaRhizobium tropicistrains effective
’ ) ' in fixing N, with common beanRhaseolus vulgarig..). Soil
FariasTP, Soares BLAraujoARA & Moreira FMS (2016) Symbiotic Biology & Biochemistry 39:1851-1864.

efficiency of rhizobia strains with cowpea in Southern Maranhéuhocha SMB Antunes JEL, SilvaAVCR, Oliveira LMS,Aquino

Revista Caatinga, 29:611-618. JRA, MeloWJ, Figueiredo MVB &AraljoASF (2019) Nodulation,

amawaki antartzi i-nitrogen fixation at the nitrogen uptake and growth of lima bean in a composted tannery
H ki RL & K i SK (2018) Di-ni fixati h i k d h of lima b i d

early and late growth stages of soybedAwta Scientiarum sludge-treated soil. Ciéncia Rural, 49:e20190301.

Agronomy, 40:€36372. Santos D, Corlett FMFMendes JEMF &Wanderley Janior JSA

IBGE (2018) Produc’abo agriicola municipal: culturas temporairias (2002) Produtividade e morfologia de vagens e sementes de
e permanentedvailable at: https://sidra.ibge.g@v/tabela/5457. variedades de fava no Estado da Paraiba. Pesfgispecuaria
Accessed on: February "1,02020. Brasileira, 37:1407-1412.

Irisarri B Cardozo GTartaglia C, Reyno R, Gutiérrez Pattanzi  Santos JOAraujoASF, Gomes Ferreira RL, LOp&<A & Figueiredo
FA, Rebufo M & Monza J (2019) Selection of Competitive and MVB (2009) Ontogenia da nodulagdo em feijao-faRagseolus
Efficient Rhizobia $rains for White Clover Frontiers in lunatug. Revista Brasileira de Ciéncidgyrarias, 4:426-429.

Microbiology, 10:768. Santos JOAntunes JEL Aradjo ASF. Lyra MCCP Gomes RLF
Koskey G Mburu SW Njeru EM, Kimiti JM, Ombori O & Maingi LopesACA & Figueiredo MVB (201) Genetic diversity among
JM (2017) Potential of Native Rhizobia in Enhancing Nitrogen native isolates of rhizobia frorRhaseolus lunatusAnnals of

Fixation andYields of Climbing BeansRhaseolus vulgarit.) Microbiology, 61:437-444.

in Contrgsting Environments of Eastern Kenya. Frontiers i%atoT, KanetaY, Fukuta N, Kobayashi H, Shindo H, OTa&
Plant Science, 8:443. SatoA (2003) Efect of soil physical properties on soybean

Leggett M, Diaz-Zorita M, Koivunen M, Bowman R, Pesek R, nodulation and [\ fixation at the early growth stage in heavy
Stevenson C & Leister T (2017) Soybean response to inoculationsoil field in Hachirogata polder, Japan. Soil Science and Plant
in the United $ates andArgentina. Agronomy Journal, Nutrition, 49:695-702.

109:1031-1038. VoisinAS, Prudent M, Duc G & Salon C (2015) Pea nodule gradients

Lopes ACA, Gomes RLF &raujo ASF (2015) Phaseolus lunatus: explain N nutrition and limited symbiotic fixation in
diversity, growth and production. Nework, Nova Science hypernodulating mutants.Agronomy for Sustainable
Publishers. 177p. Development, 35:1529-1540.

Mercante FM, OtsubAA & Brito OR (2017) New Native Rhizobia Tajima R, New Lee NOAbe J, LuxA & Morita S (2007) Nitrogen-
Strains for Inoculation of Common Bean in the Brazilian Fixing Activity of Root Nodules in Relation tdheir Size in
Savanna. Revista Brasileira de Ciéncia do Solo, 41:e0150120. Peanut Arachis hypogaed..). Plant Production Science,

Merkeb F Redi M & GebremedhiW (2016) Evaluation of 10:423-429.
Different Commercial Rhizobial Strains on Soybean (Glycine¥ashima H, Fujikake H, Saff Ohtake N, Sueyoshi K & Ohyama
max L.)Yield at Pawe District, Northwestern EthiopMorld T (2003) Systemic and local effects of long-term application
Scientific News, 55:15-26. of nitrate on nodule growth and,Nixation in soybean (Glycine
max [L.] Merr). Soil Science Plant Nutrition, 49:825-834.

Rev CeresVicosa, v67, n.5, p. 419-423, sep/oct, 2020



