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ABSTRACT

The objective of this work was to evaluate theiefficy of nitrogen fixing inoculum associated with + Mo leaf
spray on the common bean grain yield and grainieats, cv. FT Nobre. Three dosages of the inocu@n200
and 400 g/50 kg seeds), combined with four Co + Ib&d spray levels (T0=0,0; T1=4.9,49; T2=7.3,73;dan
T3=9.7,97 g ha of Co and Mo, respectively) were tested. The gyafd with the use of the inoculant (400 g / 50
kg seed) associated with the higher level of Co+Mo (T2 &aR@) was very similar to the mineral nitrogen
condition fertilizer recommended for the bg@0 kg ha of N). With the increased inoculant dosage, améase of
the protein content and of P and Mg in the grairsvaéso observed. The results indicated that theeraimitrogen
source could be replaced by inoculation of the seeithRhizobium tropicicombined with Co + Mo leaf spray

Key words: Seed quality, phosphorus, magnesium, nitrogen

INTRODUCTION nitrogen fertilization (Tsai et al 1993). These
characteristics confer negative effect to the
There are many factors that limit the commorbiological nitrogen fixation, which, associated
bean production witch can decrease the efficiencyith the highly demand for nitrogen for the grain
of the Rhizobiurdeguminosae association. Someproduction, turn the crop highly dependent on the
factors are related to the plant physiology, whichnineral nitrogen fertilizer (Velasquez et,dl988).
make the plant slow the ability of nodulatingAlthough common beans show a high demand for
easily with native isolates dRhizobiumthat are the nitrogen, mineral nitrogen fertilizers usags ha
naturally present in the soil rizosphere. Howeverdecreased on small farms, mainly because of its
they are many times inefficient in fixing the high price. Consequently, bean grain yield has
nitrogen, thus imposing the limitations tobeen in low ranges, close to 900 kg *ha
biological nitrogen fixation (Hungria et al., 1994 (D’Agostini et al, 2001). Under this condition,
and Denardin, 1991). In Latin America, the beanseeds inoculation witRhizobiumcould be a more
breeding programs have considered as priority foleasonable and economic advantageous way of
the release of early maturity cultivars, with highreleasing the nitrogen to the plants without
grain yield and highly responsive to the minerajeopardizing the grain yield (Mendes et al., 1994).
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Seeds inoculation witiRhizobiummust assure a dosage of 1,000 kg Ha(Junqueira Netto et al.,
number ofRhizobiumcells in the root system that 1977).

enable an abundant and effective nodulatioRhizobiumnoculant combined with Co + Mo was
(Katiyar and Pant, 1993). However, the nodulatiotested in a greenhouse study, with a native soil
success depends on the factors that are relatedtype Latossolo vermelho distroférrico from the
the efficiency of the isolate and ability to commpet Brazilian Cerrado. In this study, with different
in the soil, inoculant quality and control of thelevels of Mo (0, 7, 14 and 21 g haf Mo) and Co
environmental factors that may negatively affec(0, 0.3; 0.6 and 0.9 g Raof Co), the results
Rhizobiumsurvival (Hungria et al., 1994). Under showed that Mo added to the inoculant resulted in
favorable climate and soil fertility conditions, an increase in the number of the pods per plant,
common bean inoculated with efficieRhizobium grain number per pod, and grain yield. The highest
isolates can vyield from 1500 kg h4Franco and grain yield level was obtained from the treatment
Balieiro, 1999) to 2500 kg Ha(Mendes et al in which Mo and Co were added to the dosage of
1994). These values are higher than the Braziliab4 and 0.6 g h4 respectively (Corréa et al.,
common bean grain yield average, which is aroun#l990).

745 kg hd (IBGE, 2004). Despite the variety of results already known, there
The symbiotic commofbean is more sensitive to are no available data regarding the association of
climatic adversities and nutritional deficiencyha the inoculant use on the bean seeds and application
other plants that have nitrogen available from thef Co + Mo through leaf spray, in the field
mineral sources. This is a consequence of theonditions in State of Santa Catarina - Brazil.
necessity that the symbiotic plant has to keep ndthus, the objective of this work was to evaluate
only its physiological processes, but also théhe effect of three dosages of inoculant, combined
specific requirements of the symbiotic systenwith four levels of Co + Mo sprayed on the bean
(Munn and Franco, 1982). Thus, the propeteaves of the common bean cultivar FT Nobre on
micronutrients supply, such as molybdenum (MoJrain yield, as well as grain nutrient accumulation
and cobalt (Co), can contribute to increase theuch as the protein, phosphorus, magnesium and
biological nitrogen fixation efficiency (Dechen et zinc.

al, 1991). There are studies that show that bean

inoculation withRhizobiumcan increase the grain

yield, especially when combined with Co + MoMATERIAL AND METHODS

leaf spray (Oliveira, 1996; Vieira et a1994).

In a study in which Mo was supplied at 40 g'ha The soil from the experimental plot was classified
under the acid soil conditions and without liming,as Nitossolo Vermelho distroférrico (Embrapa,
there was a bean grain yield increase, even highgp99), with the following characteristics: 4% sand,
than the yield resulted from the treatment with s0i28% silt and 68% clay; 3.5% organic matter;
pH correction (Oliveira, 1996). In other places inpHH,O 5.0; pHSMP 5.3; 2.8 mg P dn45 mg K
Brazil, Mo sprayed in the bean plants wasim? 2.1 mg Zn drif; 1.2 cmo} dii® Al; 3.9 cmol
responsible for the grain yield increase of 125 kgim® Ca; 2.7 cmal dm® Mg (Tedesco et gl
ha' (Vieira et al 1994). (1995). Twelve treatments of combinations were
Cobalt use is justified because it is related teested between three dosages of the inoculant (O,
cobaltine enzyme, which catalyses the biochemic@00 and 400 g of inoculant / 50 kg of seeds) and
reactions involved in oxygen transport to thefour levels of Co+Mo leaf spray (TO: 0 and O; T1:
bacterioid inside the nodules (Campo et al., 19994.9 and 49; T2: 6.3 and 63; and T3: 9.7 and 97 ¢
Due to its important role in nitrogen fixation, Coha of the Co and Mo, respectively). The mineral
supply is considered highly important in the beamitrogen fertilizer (70 kg haof N ha') was used
production (Oliveira et al., 1996). In preliminary as reference for the grain yield in the year the
studies with the application of Mo and Co inexperiment was conducted.

common beans, seeds production, straWhe experiment design were completely
production, and plant height increased to 100 anchndomized blocks with four replicates. Each plot
130%, 61 and 49%, and 18 and 9%, respectiveljrad six rows with six meters length, and 0.5 m
Together, these micronutrients showed to be moigetween rows. For harvesting, four internal rows
effective than phosphate B) applied in the of each plot five meters center were used. The soil
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was prepared in the conventional way, withDuring this study, the development of the weeds

ploughing followed by two narrow wings. Soil pH were kept under the control and the pests were

correction was done and fertilizers (for phosphorusontrolled at the developmental stages V2/V3 and

and potassium) according to the recommendation#4, with metamidofés (300 mL Haof active

for the bean production by the Comissdo déngredient). Benomyl (50 g Ha of active

Fertilidade do Solo RS/SC (1995). Liming wasingredient) was sprayed at stages R5 and R7 in

applied three months before the sowing at the ratrder to protect the plants fro@olletotrichum

of 50% of the dosage in order to obtain pH6.0  lindemuthianuminfection. The harvest was done

(Zago, 2001). The fertilizer was applied at theratwhen all the plants from each plot were dried and

of 75 kg hd of PO (triple super phosphate) and grain yield and 1000 grain weight were estimated,

70 kg hd of K,0O (Potassium chloride). Mineral taking into consideration the grain humidity of 13

nitrogen fertilizer (70 kg haof N) was applied % (Brasil, 1992).

only two times: at sowing (20 kg fhaf N), and

dressing at 30 days after the emergence of thH&ean Grain evaluations

plant (50 kg hd of N). The fertilizers were placed The grain total protein, phosphorus, magnesium

in the plating row, before sowing, 10 cm deep, andnd zinc was analyzed using the sulfuric acid

then they were incorporated in the soil in order taligestion methodology (Malavolta et.,all997).

avoid the salinity effects in the seeds. The results were statistically analyzed and

The common bean seedBh@seolus vulgarid..) regression curves were calculated, considering 12

of FT Nobre cultivar, were inoculated with thetreatments from the combinations between three

commercial inoculant peat based whizobium inoculant dosages and four levels of Co+Mo leaf

tropici isolates SEMIA 4077 and SEMIA 4080, spray.

with the minimum concentration of 1.0 x %0

viable cells per gram. The inoculants were applied

at the rates of 200 and 400 g / 50 kg of the seedRESULTS AND DISCUSSION

The inoculation was performed 2 h before the

sowing, with the addition of 400 mL sugarThe use of increasing doses of the inoculant

solution (20%) to 50 kg seeds (Brand&o Junior anshowed a significant effect (P<0,05) in the grain

Hungria, 2000). The sowing was performed inyield and accumulation of the protein, phosphorus,

early December, adding 15 seeds per metemagnesium and zinc in the grains. The Co+Mo

achieving 250.000 plants fiaThe leaf spray with leaf spray fertilizer and their interaction with

the micronutrients Co+Mo was performed wherinoculant presented significant effect (P<0.05) for

the plants were in the V4 and R5 stages, usingtae grain yield and accumulation of zinc in the

protective frame to avoid the contaminationgrains, but the weight of a thousand seeds did not

among plots. respond to the application of inoculant and or
Co+Mo isolated (Table 1 and Table 2).

Table 1 - Analysis of variance of 1000 seed weight (M100@sain yield, protein accumulative in bean graassa
function of Rhizobiuminoculation and Co + Mo leaf spray, either isatate applied combined. DF = degree of
freedom; MQ = medium square; CV= coefficient ofigton.

MQ

Treatment DF M1000s Grain yield Protein
Bloco 3 20.67" 3013.13% 7.41™
Inoculant 2 26.20' 179503.20*** 43.54 ***
Co+Mo leaf spray 3 14.29° 18702.31*+* 1.13™
Inoculant*Co+Mo leaf spray 6 26.70° 9835.83** 3.54™
Error 33 23.40 2527.20 2.84
CV% 2.66 2.99 4.08

* - Statistically significant by test F, 5 % puattility. ** - Statistically significant by tedt, 1 % probability. *** - Statistically signifia& by
test F, 0.1 % probability. ns - Statistically sanificant.

Braz. arch. biol. technol. v.51 n.6: pp.1089-1096y/Dec 2008



1092 Berton Junior, J. F. et al.

Table 2 - Analysis of variance of Phosphorus (P), Magnasiig), and Zinc (Zn) accumulative in bean graiasaa
function of Rhizobium inoculation and Co + Mo lesfray, either isolated or applied combined. DF gree of
freedom; MQ = medium square; CV= coefficient ofiation.

MQ

Treatment DF = Mg 7n
Bloco 3 0.0015* 0.0013* 0.00000011°
Inoculant 2 0.0076 *** 0.0122 ** 0.00005015 ***
Co+Mo leaf spray 3 0.0040" 0.0049™ 0.00000621**
Inoculant*Co+Mo leaf spray 6 0.018™ 0.0049™ 0.00001526***
Error 33 0.0016 0.0022 0.00000072
CV % 6.19 9.87 10.04

* - Statistically significant by test F, 5 % proliily. ** - Statistically significant by test Fl. % probability. *** - Statistically significarity
test F, 0.1 % probability. ns - Statistically sanificant.

Increasing inoculant dosage caused a lineanicronutrients were as efficient as super
positive effect on the grain yield at all the lessel phosphate equivalent to 1,000 kg'h@unqueira
tested with the Co+Mo leaf spray and moreNetto etal., 1977).

significantly at the higher dosages of Co+Mo lealn an experiment conducted in the greenhouse,
spray (dosage: 9.7 with 97 and 7.3 with 73 § hawith the soil of Cerrado classified as Latossolo
of Co and Mo, respectively) (Fig. 1A). On theVermelho Eutrdfico, increasing levels of Mo (0, 7,
other hand, when the levels of Co+Mo leaf spray4 e 21 g haof Mo) and Co (0, 0,3; 0,6 e 0,9 g ha
were applied, their beneficial effect on the grairt of Co), applied to the seeds and also combined
yield was more significant upon the application ofwith the inoculant were able to increase the
400 g of the inoculant (Fig. 1B). The grain yieldpods/plant, seeds/pod and grain yield. The highest
from the treatment with inoculant and Co+Mograin yield was achieved when Co+Mo were
(400 g inoculant and Co + Mo - T2 and T3) wasadded at the rates of 0.6 g*hand 14 g ha
1,891 kg hd, similar to the one from the mineral respectively. In this study the satisfactory effefct
nitrogen fertilizer recommended for the beans (7@o was observed (Corréa et al., 1990).

kg ha'of N ha') which was 1,981 kg HaThe use The absence of response to the increasing levels of
of the inoculant associated with Co+Mo could bdahe leaf spray of Co+Mo on the grain associated
an interesting approach to increase the grain yieldwith the seeds inoculation using the lower
When the inoculant was applied alone (TO, Figinoculant dosages (Fig. 1A) could be due to the
1A), it caused increase in the grain yield, but whelow efficiency of the soil native bacteria in
Co+Mo was applied alone, wasn't the samanitrogen fixation (Denardin, 1991). In this kind of
(without inoculante, Fig. 1B). This effect could besituation, the leaf spray with the micronutrients
explained due to the better infection of the rdiyts was not viable because it dit not contribute to
the symbiotic bacteria (Ferrarezi, 2002).increase the grain yield. Similar results were also
According to Hungria et al. (2001) and Vargas ebbtained in other studies (Vieira, 1995; Zago, 3001
al. (1979), a higher dosage of inoculant reflectedlike grain yield, a positive response was also
in higher probability of nodulation by the requiredobserved with the we increased inoculant dosage
bacteria. However, the effect of Co+Mo was tan protein content, P and Mg in the bean grain both
contribute in better nitrogen fixation, increasingwith linear positive response (Fig. 2). The P
the nitrogen metabolism (Dechen ef 4D91). increased from 0.62 mg grdin(no inoculant) to
Similar results were obtained by increasingd.66 mg graiit (400 g of inoculant / 50 kg of the
dosages of the inoculant, on which the grairseeds); whereas Mg increased from 0.45 mg grain
production was observed as a result of Co and Mo(no inoculant) to 0.50 mg grain(400 g of the
application. In this study, when Co was added tinoculant / 50 kg of the seeds). The protein canten
increasing dosage of inoculant, the grain yieldn the grain increased from approximately 40 mg
increased 100% and when Mo was added, grain’ (in the treatments: no inoculant and 200 g
increased 130%. The dry matter increased 61%f the inoculant / 50 kg of the seeds) to 43 mg
when Co was added, whereas it increased 49%fain’ (400 g of the inoculant / 50 kg of the
when Mo was added. Together, theseseeds).
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Figure 1 - Grain yield as a function of increasing dosage€of+ Mo leaf spray, and inoculation
with Rhizobium To TO = 0 g hd of Co+Mo; T1 = 4.9 g hidof Co + 49 g hdof Mo;

T2 = 7.3 g h#of Co + 73 g hdof Mo; T3 = 9.7 g hdof Co + 97 g hdof Mo. Error
bars (n=4).

The observed increases in P, Mg and proteinccumulation in the grains was from 10 pg gtain

accumulation in the grain due to the usage db 4.7 pg grain (Fig. 3A).

higher dosage of the inoculant could be due tdhe effect of the crescent levels of Co+Mo leaf
better biological nitrogen fixation that resulted i spray on the inoculant was positive to Zn

better nodulation. This could be explained by theccumulation in the grains only with 200 g

high efficiency of the translocation of theinoculant per 50 kg of the seeds (Fig. 3B).

biological nitrogen in the grains (Hungria et,al However, Zn accumulation in the grains decreased
1985). The dosage of 400 g of the inoculant / 5@vhen the crescent levels Co+Mo leaf spray were
kg of the seeds led to high yield (Fig. 1A) and Pused associated with 400 g the inoculant per 50 kg
Mg and protein accumulation in the grain (Fig. 2)of the seeds (Fig. 3B). The decrease of the Zn
This showed that the inoculant use could be accumulation in the grains could not be explained
practice that substitute the mineral nitrogerby the available biological nitrogen, since the

fertilization. The use of increased doses of thaitrogen increase did not necessarily cause an
inoculant associated only with Co+Mo should bancrease in the amount of Zn in the grains, but
considered carefully since Zn accumulation in theaused significant increases in the grain vyield
grains was reduced. This decrease in the Z(Farinelli et al., 2006).
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Figure 3 - Zinc accumulation in bean grain as a functionnefeasing dosages of Co + Mo leaf
spray and inoculation witRhizobium To TO = 0 g hdof Co+Mo; T1 = 4.9 g Haof Co
+49 g hd of Mo; T2 = 7.3 g hdof Co + 73 g haof Mo; T3 =9.7 g hdof Co + 97 g

TO T1 T2 T3
Co + Moleaf spray

ha’of Mo. Error bars (n=4).
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CONCLUSION Comissédo de Fertilidade do Solo - RS/SC. (1995),
Recomendac¢fes de adubacdo e calagem para o
estados do Rio Grande do Sul e Santa Catar8ia

The use of the inoculant associated with the higher
9 ed. Passo Fundo: SBCS - Nucleo Regional Sul,

level of Co+Mo was favorable in the increased EMBRAPA/CNPT. 223 pp.

grain yield and the_ use of the inoculant _aloneCorréa, J. R. V.; Junqueira-Neto, A.; Rezende, P. M

increased the protein content, P and Mg in the ge. andrade, L. A. de B. et al. (1990), Efeitos de

grain. In this case, based on results, it could be rhizobium molibdénio e cobalto sobre o feijoeiro
recommend that the use Bhizobiuminoculation ~ comum cv. CariocaPesq. Agropec. Bras25:(4),

associated with Co+Mo leaf spray could be a 513-519.

substitute for the mineral nitrogen fertilizersD’Agostini, V.; Dias, L. F. V. and Elias, H. T. (2Q),

recommended for the bean. O feijao pela otica da agricultura famili&NAIS: 1lI
Reunido Catarinense de Milho e FeijdGhapeco,
SC. pp. 68-70. (Resumo expandido).

Dechen, A. R.; Haag, H. P. and Carmello, Q. A. de C
(1991), Funcdo de micronutrientes nas plankas.
Micronutrientes na Agriculturaeds. M. E. Ferreira

O objetivo do trabalho foi avaliar o uso do and M. C. P. Cruz. Associacdo Brasileira Para

inoculante associado ao uso de adubacéo foliar dePesquisa da Potassa e do Fosfato. Piracicaba5pp. 6

Co+Mo sobre a produtividade de graos, acumulo 78.

de nutrientes nos grdos de feijdo comum, cv FPenardin, N. D. (1991), Selecdo de estirpes de

Nobre. Testaram-se 3 doses de inoculante (0, 200Rhizobium leguminosarurbv phaseolitolerantes a

e 400 g/ 50 kg de sementes) combinadas com 4fatores de_ aC|dez~ e reS|stentes_ a ant|b_|0t|cos.

niveis de adubac&o foliar de Co+Mo, (TO=0 e O0; D{I_lejisztragg %ise?rr;i%aooﬁii;?ﬁ digzerc'joer dseéAog”F?:':gr

T1=4,9 e 49; T2=7,3 e 73; e T3=9,7 e 97 § tia ' ’

) Piracicaba, Brasil.
Co e Mo, respectivamente). Empresa Brasileira de Pesquisa Agropecudria. (1999)

A produtividade dos grdos com o0 uso de gsjstema Brasileiro de Classificagio de SoRi de
inoculante (400 g / 50 kg de sementes) associado &aneiro, EMBRAPA/SNLCS. 412 pp.

alto nivel de Co+Mo (T2 e T3) foi semelhante adrarinelli, R., Lemos, L.B., Cavariani, C., Nakagada
fornecimento de nitrogénio mineral (70 kg'haO (2006): Produtividade e qualidade fisiologica de
aumento das doses de inoculante tambémsementes de feijdo em funcdo de sistemas de manejo
favoreceu o aumento dos teores de proteina, P gle solo e adubacéo nitrogenaRavista Brasileira de

Mg nos gréos. Esses resultados indicam que o>¢Menteas, 102-109. _ .
nitrogénio na forma de fertilizante mineral pode'é)e”arez" R. S. Santos, J. C. P.; Berton Jr, J. F

bstituid | At da i lacio d Lemos, E. G. de M. et al. (2002), Andlise molecular
ser subslituldo pela pratica da Inoculacad dasyq, naqylos de feijoeiro Phaseolus vulgarisL)

sementes de feijao associado a adubacéo foliar dgpmetido a diferentes niveis de pH e inoculacao.

Co+Mo. ANAIS: FERTBIO 2002 - Agricultura: Bases
ecolégicas para o desenvolvimento social e
econdmico sustentaddRio de Janeiro - RJ: UFRJ,
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