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BEHAVIOR OF Bradyrhizobium japonicum Strains UNDER DIFFERENT

HERBICIDE CONCENTRATIONS1

Comportamento de Estirpes de Bradyrhizobium japonicum em Diferentes Concentrações de
Herbicidas

ARRUDA, J.S.2, LOPES, N.F.3 e MOURA, A.B.4

RESUMO - As estirpes de Bradyrhizobium japonicum SEMIA 5073, SEMIA 5074, SEMIA 5079
e SEMIA 5080 foram cultivadas in vitro, utilizando meio de Vincent acrescido de diferentes
doses dos herbicidas imazaquin (0; 0,04; 0,12; 0,24; 0,36 µg i.a. g-1), clomazone (0; 0,4; 0,8;
1,6; 3,2 µ i.a. g-1) e sulfentrazone (0; 0,2; 0,4; 0,8; 1,6 µg i.a. g-1), com o objetivo de avaliar a
tolerância destas estirpes aos herbicidas. Os três herbicidas afetaram drasticamente as estirpes
de rizóbio testadas, causando decréscimo significativo no crescimento ou na sobrevivência,
em função do incremento nas doses. As estirpes de rizóbio apresentaram tolerância
diferenciada aos herbicidas. As doses de herbicidas que reduziram em 50% o crescimento ou
a sobrevivência das estirpes (I50) foram inferiores àquelas recomendadas para o controle de
plantas daninhas na cultura de soja, para os três herbicidas estudados; no entanto, o I50 do
herbicida sulfentrazone foi significativamente menor que o I50 dos herbicidas imazaquin e
clomazone.
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ABSTRACT - The Bradyrhizobium japonicun strains SEMIA 5073, SEMIA 5074, SEMIA 5079
and SEMIA 5080 were grown in vitro using Vincent medium combined with different rates of
the herbicides imazaquin (0, 0.04, 0.12, 0.24, 0.36 µg a.i. g-1), clomazone (0, 0.4, 0.8, 1.6 and
3.2 µg a.i. g-1) and sulfentrazone (0, 0.2, 0.4, 0.8 and 1.6 µg a.i. g-1) to evaluate the strains
tolerance to herbicides. The three herbicides drastically inhibited all the rhizobium strains tested,
showing a significant decrease of the CFU number as a function of herbicide rates. The rhizobium
strains presented a differentiated tolerance to the herbicides. The herbicide rates that reduced
50% (I50) of the growth or survival of the rhizobium strains were below the recommended sprayed
rates for weed control in the soybean crop, for all the three herbicides studied; however,
sulfentrazone I50 was smaller than imazaquin and clomazone I50.
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INTRODUCTION

The  use of herbicides is an important com-
ponent of the production process of most crops,
mainly those capable of fixing atmospheric ni-
trogen. The fixation of the dinitrogen through
soybean-rhizobium symbiosis helps with over

70% in the requirement of total N of the culture
(Marenco et al., 1993; Thurlow & Hiltbold,
1985). However, the use of herbicides can
reduce nodulation (Bollich et al., 1988; Deuber
et al., 1981; Mallik & Tesfai, 1985; Varela &
Cruz, 1984). This reduction in the N2 fixation
caused by the herbicides can be due to the
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indirect action on the plant growth or to direct
interference on the growth of the rhizobium or
upon the plant-rhizobium association.

Some herbicides of the dinitroanilines
group can indirectly reduce the nodulation, by
reducing plant growth (Alagawagi & Reddy,
1985; Brock, 1972; Peters & Zbiba, 1979).
Marenco et al. (1993) observed reductions in
nodulation and nitrogen fixation of soybean
plants treated with chlorimuron and
clomazone. These reductions in the fixation of
N2 were attributed to the effects of the herbi-
cides on the growth of the plant, without,
however, eliminating the possibility of some
direct effect of those herbicides on the growth
of the rhizobium.

The herbicides traditionally used for the
control of weeds  in the soybean culture do
not seem to inhibit the growth of the rhizo-
bium in culture medium (Alagawagi & Reddy,
1985; Kishinevski et al., 1988; Moorman,
1986). However, there are evidences that some
products, used in usual concentrations for
weed control in soybean culture, can reduce
the growth in vitro of several strains of
rhizobium (Borges et al., 1990).

This experiment was carried out to obtain
information on the effect of dosages of the
herbicides clomazone, imazaquin and
sulfentrazone on the growth of Bradyrhizobium
japonicum strains in vitro.

MATERIAL AND METHODS

The rhizobium strains SEMIA 5073, SEMIA
5074, SEMIA 5079 and SEMIA 5080 (from
PESAGRO/Centro de Pesquisa de Fixação
Biológica do Nitrogênio collection) were used
in the experiment.

Rhizobium suspension was obtained from
cultures in  Vincent medium (1970) for 72 and
96 hours, with a dilution of 1: 10 (ml) in saline
solution (0,85% NaCl), sterilized and added of
triton X-100 to 0.05%.

Imazaquin was added in the rates of 0,
0.04, 0.12, 0.24, 0.36 µg a. i. g-1 to the melting
Vincent medium. Clomazone and  sulfentrazone
were used in the rates of 0, 0.4, 0.8, 1.6,
3.2 µg a.i. g-1 and 0, 0.2, 0.4, 0.8, 1.6 µg a.i. g-1

of medium, respectively. After solidification, the
medium was dried with open lids, in a biological
safety cabinet.

Drops of 10 µL of the different dilutions of
the rhizobium suspensions were uniformly
spread on the surface of the medium (Romeiro,
1996). Eight dilutions (10-2 to 10-9), with eight
replications were used. Vincent medium was
used without herbicides as control and the
plates were incubated at 28 oC for 72 hours.

Counting was accomplished with the aid
of a stereomicroscope and the final number of
colony forming units (CFU) was obtained by
arithmetic mean of the eight replicates
(Romeiro, 1996).

The experimental design was completely
randomized in a factorial (4 x 5) scheme, con-
taining four rhizobium strains and different
herbicide rates. The results were submitted to
variance analysis and compared by Duncan’s
test, at 5% level of probability. Regression
analysis was accomplished.

RESULTS AND DISCUSSION

Imazaquin reduced drastically the growth
of  the rhizobium strains  tested (Table 1), with
a significant decrease on the CFU number of
all rhizobium strains being observed as a func-
tion of the increment in the imazaquin rate,
showing high coefficients of determination (R2>
0,92) (Figure 1).

Table 1 - Number of colony forming units (CFU) of
Bradhyrhizobium japonicum strains from bacterial dilution
10-5, SEMIA 5080, SEMIA 5079, SEMIA 5074 and
SEMIA 5073, as a function of imazaquin doses

DOSE CFU ( x 107  ml-1) 

(µg a.i. .g-1) S 5080 S 5079 S 5074 S 5073 

0.00 1.180 Aa 282 Ab 134 Ac 130 Ac 
0.04 1.030 Aa 181 Bb  85 Bc  70 Bc 

0.12  690 Ba 146 Cb  59 Cc  54 Cc 

0.24  420 Ca  91 Db  37 Dc  35 Dc 

0.36  360 Ca  59 Eb  26 Ec  25 Ec 

 - Numbers followed by the same capital letters in the column and
same small letters in the line do not differ significantly ( P ≤  0.05)
by the Duncan’s test.

The indexes of reduction of 50% on the
growth of number of colonies (I50) caused by
imazaquin were of 0.080, 0.095, 0.120  and
0.135 µg a.i. g-1 for the strains SEMIA 5073,
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SEMIA 5074, SEMIA 5079 and SEMIA 5080,
respectively. Those results show that the rates
that reduced 50% of the CFU of the strains
are close to the recommended rate for the cul-
ture of the soybean, i.e., 0.12 µg a.i. g-1. The
strains presented a differential behavior in the
in vitro growth for imazaquin, showing the fol-
lowing order of tolerance increase: SEMIA 5073
< SEMIA 5074 < SEMIA 5079 < SEMIA 5080.

Those results indicated that imazaquin
interferes directly in the growth or survival of
the strains in vitro, acting directly in the re-
duction of the rhizobium CFU number. In sus-
ceptible plants, there is a marked and
consistent effect of imazaquin on growth, due
to inhibition of the synthesis of acetohydroxy-
acid synthase (AHAS), blocking the synthesis
of amino acids valine, leucine and isoleucine

(Shaner et al., 1984). This inhibition reduces
the protein synthesis that, in turn, interferes
indirectly in DNA synthesis and cellular growth
(Ray, 1984), reducing the growth rate, largely
controlled by the protein synthesis.

Imazaquin effect on the rhizobium strains
are not yet entirely known, but for analogy,
the inhibition or reduction of the synthesis of
amino acids can also be associated, for the
interference in the synthesis of the AHAS en-
zyme, and the proteins as occur in the plants.
The AHAS enzyme has been found in extracts
of bacteria (Bauerle et al., 1969; Eoyang &
Silverman, 1984; Sutton et al., 1981) and
archaebacteria (Xing & Whitman, 1987). The
inhibition of the enzyme AHAS in bacteria for
the imidazolinones was reported by Schloss
et al. (1985).

Figure 1 - “In vitro” growth of rhizobium strains, expressed in percentage of control, SEMIA 5073 (� and ), SEMIA 5074

(� and — — ), SEMIA 5079 (! and - - - -) and 5080 (� and — - — -), as a function of imazaquin doses.

(  )  ŷ  = exp(4.4635 - 7.3504x + 9.0340x2) R2= 0.92  I50= 0.080

(— — —)  ŷ  = exp(4.5273 - 7.1347x + 7.9163x2) R2= 0.97  I50= 0.095

(- - - - - - )  ŷ  = exp(4.5097 - 5.3392x + 3.6231x2) R2= 0.95  I50= 0.120

(— - — -)  ŷ = exp(4.6378 - 6.2657x + 7.9460x2) R2= 0.99  I50= 0.135
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The clomazone reduced drastically the
rhizobium strains CFU number. There was a
significant decrease in the CFU number for all
rhizobium strains, as a function of the incre-
ment in the clomazone rate (Table 2), showing
good coefficients of determination (R2 >0.93)
(Figure 2).

pigments, causing an inhibition of the terpe-
noid  metabolism, interfering not only in the
carotenoids and phytol accumulation, but also
in other compounds of membrane, hormones
and growth inhibitor (Argenta & Lopes, 1992).
It is possible that clomazone  can inhibit the
synthesis of geranyl-geranyl pyrophosphate,
precursor of the gibberellins  synthesis  (Duke
&  Kenyon, 1986).

Marenco et al. (1993) verified reductions
in the nodulation and in the fixation of
dinitrogen of the soybean treated with
clomazone. They attributed those effects to
reduction in plant growth and not in the growth
of Bradyrhizobium, even so without eliminat-
ing the possibility of some direct effect of the
clomazone on the growth or survival of the
rhizobium. However, the results obtained
showed that clomazone interferes directly on
the growth or survival of all strains tested.

Sulfentrazone strongly reduced the growth
or survival of the rhizobium strains analyzed
(Table 3). There was a significant reduction in
the number of colonies with the increased
sulfentrazone rate, presenting high coefficients
of determination (R2>0,95) (Figure 3). The
indexes of reduction of 50% in the growth or
survival of the number of colonies (I50) were of
0.30, 0.48, 0.22, and 0.27 µg a.i. g-1 for the
strains SEMIA 5073, SEMIA 5074, SEMIA 5079
and SEMIA 5080, respectively. These results
show that the rates that reduced 50% of the
growth of the strains were below the
recommended rate for the soybean culture, i.e.,
0.42 µg a.i. g-1. There was a differential
behavior among strains relative to the growth
in vitro for the sulfentrazone, exhibiting the
following order of tolerance SEMIA 5079 <
SEMIA 5080 < SEMIA 5073 < SEMIA 5074.

Rhizobium strains tolerance to
sulfentrazone differed from those to the
herbicides imazaquin and clomazone. The
strains SEMIA 5079 and SEMIA 5080
presented low tolerance to sulfentrazone, with
those two strains being the most tolerant to
the treatments with imazaquin and clomazone.
On the other hand, the strains SEMIA 5073
and SEMIA 5074 were the most tolerant to the
herbicide sulfentrazone, although they have
also shown low tolerance to the herbicides
imazaquin and clomazone.

Table 2 - Number of colony forming units (CFU) of
Bradyrhizobium japonicum strains from bacterial dilution
10-5, SEMIA 5080, SEMIA 5079, SEMIA 5074 and
SEMIA 5073, as a function of clomazone doses

DOSE CFU ( x 107  ml-1) 

(µg a.i. g-1) S 5080 S 5079 S 5074 S 5073 

0.0 1.460 Aa 264 Ab 115 Ad 168 Ac 
0.4 1.150 AB   160 Bb  76 Bc 118 Bbc 

0.8  860 Ba 113 Cb  48 Cc  64 Cc 

1.6  350 Ca  83 Db  35 Dc  52 Dc 
3.2  320 Ca  53 Eb  31 Db 43 Eb 

- Numbers followed by the same capital letters in the column and
same small letters in the line do not differ significantly (P≤ 0,05)
by the Duncan’s test.

The indexes of reduction of 50% on the CFU
number (I50) produced by clomazone were
0.68 µg a. i. g-1, for the strains SEMIA 5073
and SEMIA 5074, and 0.70 and 0.77 µg a.i. g-

1, for the strains SEMIA 5079 and SEMIA 5080,
respectively. Those results showed that rates
which reduced 50% of the growth or survival
of the strains were lower than the recom-
mended rate for the soybean culture, i.e.,
0.85 µg a.i. g-1 (Figure 2). The strains presented
a differential behavior in the growth or sur-
vival in vitro for the clomazone, showing the
following order of tolerance SEMIA 5074 =
SEMIA 5073 < SEMIA 5079 < SEMIA 5080. The
tolerance of the rhizobium strains to clomazone
was similar to the effect produced by imazaquin,
just differing for having the strains SEMIA 5073
and SEMIA 5074 show the same tolerance to
clomazone (Figure 2). It was verified that
clomazone behavior in the growth or survival
of the four rhizobium strains presented a
similar effect, with very close indexes of I50

among the strains. The clomazone reduced the
growth of the strains in vitro.

Clomazone applied to susceptible plants
inhibits the biosynthesis of the isoprenoids
compounds precursors of the photosynthetic
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Table 3 - Number of colony forming units (CFU) of
Bradyrhizobium japonium  strains from bacterial dilution
10-5, SEMIA 5080, SEMIA 5079, SEMIA 5074 and
SEMIA 5073, as a function of sulfentrazone doses

DOSE CFU ( x 107  ml-1) 

(µg a.i. g-1) S 5080 S 5079 S 5074 S 5073 

0.0 1.320 Aa 215 Ab 122 Ac 136 Ac 
0.2 700 Ba   121 Bb 78 Bc 74 Bc 
0.4 460 Ca 61 Cb 64 Cb 54 Cb 
0.8 390 CDa 36 Db 49 Db 36 Db 
1.6 320 Da 22 Eb 36 Eb 25 Eb 

 - Numbers followed by the same capital letters in the column and
same small letters in the line do not differ significantly (P≤ 0,05 )
by  the Duncan’s test.

Figure 2 - “In vitro” growth of rhizobium strains, expressed in percentage of control, SEMIA 5073 (� and ), SEMIA

5074 (� and — — —), SEMIA 5079 (! and - - - -) and SEMIA 5080 (� and — - — -), as a function of clomazone doses.

The sulfentrazone inhibits the protopor-
phyrinogen oxidase (protox) enzyme in
susceptible plants (Dayan et al., 1997), with
oxidation of tissues, causing the death of the
plants. In microorganisms, the sulfentrazone
mechanism of action is still unknown. How-
ever, it can be speculated, by analogy with
green plants, that sulfentrazone inhibited en-
zymatic processes in the rhizobium strains.

The three herbicides inhibited the growth
of all rhizobium strains, showing a significant
decrease on the CFU number, as a function of
herbicide rates. However, those strains exhib-
ited different herbicide tolerances.
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(  ) ŷ  = exp(4.5933 - 1.1541x + 0.2301x2)     R2 = 0.97   I50= 0.68

(— — —) ŷ  = exp(4.5904 - 1.1387x + 0.2301x2)  R2 = 0.99   I50= 0.68

(- - - - - - ) ŷ  = exp(4.5348 - 0.9961x + 0.1629x2) R2 = 0.97   I50= 0.70

(— - — -) ŷ  = exp(4.7277 - 1.2047x + 0.2133x2) R2 = 0.93   I50= 0.77
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Figure 3 - “In vitro” growth of rhizobium strains, expressed in percentage of control, SEMIA 5073 (� and ), SEMIA

5074 (� and — — —), SEMIA 5079 (! and - - -) and SEMIA 5080 (� and — - — -), as a function of sulfentrazone doses.

The rates that reduce the rhizobium
growth or survival in 50% (I50) were below the
rates used for soybean crop. Sulfentrazone I50

was lower than of imazaquin and clomazone
I50.
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