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SUMMARY

Thegrowth of Azospirillum lipoferum and P solubilising capabilities, Bacillusmegaterium and growth
asinfluenced by the presence of herbicides were studied under labor atory conditions. Theresults
indicated that butachlor supported lesser population of Azospirillum lipoferum (26.10% reduction
over control) and Bacillus megaterium (58.18% reduction over control) when compared to other

herbicides.

I nIndia, herbicidesconstituted only 15per cent
of the total consumption of pesticides,
compared to the worldwide consumption of
47.5 per cent. The herbicide consumption is
expected to increase dramatically in future as
the use of herbicides hasbeen expanding more
rapidly than that of the other pesticides.
Herbicide usage, which was earlier confined
to plantation crops, has now expanded to crops
likewheat (42 per cent of thetotal consumption
of herbicides) and rice (30 per cent) with the
states of Punjab, Uttar Pradesh, Tamil Nadu
and AndhraPradesh |eading in the consumption
of more herbicides (Yadaraju and Mishra,
2002).

Research on the effect of herbicides on
the soil microbial community in therice field
ecosystem is still fragmentary and inadequate
to draw any major conclusions on the impact
of herbicides, as mgjority of the research on
tropical wetlands during the past decades
focused mainly on the photosynthetic algae. In
addition, most of the earlier studies on the
impact of herbicides on soil microflorain
wetland rice fields had emphasized only on
short term acuteimpacts, whilelittleisknown
about the chronic effect of repeated and long
term application of herbicides under field
conditions. Disappearance of components of
microbial communitiesal ong with apopulation
shift towards microorganisms more efficient in

herbicide degradation have been known to
occur when herbicides are applied repeatedly,
leading tolossof microbial diversity and causing
biological degradation of soil (Seghers et al.,
2003). The consequences of herbicideinduced
changesin microbial populationwould be most
evident during biofertilisation, where the
microbial population play animportant rolein
maximizing the productivity of crops, as the
herbicides, applied to soil persist during the
development of plant roots and interact with
the biofertilisers applied through seed and root
inoculation (Forlani et al., 1995). Moreover, the
continuing introduction of new classes of
herbicides and the practice of using herbicide
mixturesto control weeds, demand acontinued
research effort to ensure that harmful effects
to the ecosystem is avoided. Thus, thereis a
need to study the influence of herbicides on
the microflora and their activities of flooded
soilsunder realistic field conditionsand cultural
practices on a long term basis to derive any
meaningful conclusions.

Theincreasein food production, till date,
had come at the cost of the environment with
both qualitative and quantitative degradation of
land, water and bioresources (Sarkar and
Ghosh, 2001). Hence, it has been advocated
that, in the future, any increase in production
should be abtained with practicesthat maintain
or enhance the quality of the environment and
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that the environmental security should no longer be
peripheral to thefood and nutritional security.

With this background, the present investigation was
carried out with the obj ectives, to understand and predict
the effect of herbicidesviz, 2,4-D-2ethylhexyl ester (2,4-
DEE), butachlor, pretilachlor and pyrazosulfuron ethyl on
rice soil microorganismsand their activities, which could
lead to their judicious use and thereby reduce their
negative effects, if any on the environment.

MATERIALS AND METHODS

Effect of herbicides on the growth and activity of
Azospirillum lipoferum and Bacillus megaterium var.
phosphaticum under in vitro conditions :

The growth and nitrogen fixation of Azospirillum
lipoferum and P solubilising capabilities Bacillus
megaterium and growth as influenced by the presence
of herbicideswere studied under |aboratory conditions.

Growth responses of Azospirillum lipoferum and
Bacillus megaterium var phosphaticum in the
presence of herbicides :

Azospirillum lipoferum and Bacillus megaterium
from agar dopesweretransferred to a250 ml Erlenmeyer
flask containing 100 ml of nitrogen free broth and
Pikovskaya’s broth, respectively, and incubated for 72 h
at 30 + 1°C. One ml of this uniformly growing culture
was transferred into a 250 ml flask containing 100 ml of
thesameliquid medium. Herbicide solutionsof therequired
concentrations were prepared by dissolving technical
grade chemicals in appropriate solvents. 2,4 DEE and
butachlor were dissolved in ethanol, pretilachlor in
methanol, and pyrazosulfuronin acetoneto obtain solutions
of 0.375 ug mlt, 0.50 ug mi-%, 0.15 pg mi-* and 0.125 g
mi-1, respectively, corresponding to the field application
rates (FR) of the respective herbicides. Solutions of two
fold application rates (2 FR), five fold rates (5 FR), ten
fold rates (10 FR) and 100 fold rates (100 FR) were
similarly prepared. The herbicide solutions were added
tothebroth with growing cellsto giveafinal concentration
of FR, 2FR,5FR, 10 FR and 100 FR and incubated at 30
+ 1°Cinarotary shaker (120 rpm). Control flasksdid not
receiveany herbicides. After 24, 48 and 72 h of incubation,
the growth of A. lipoferum and B. megaterium in the
presence of herbicides was monitored by serial dilution
and plating by drop plate method in N free malic acid
medium and Pikovskaya’s medium, respectively.

RESULTS AND DISCUSSION

The growth at different time intervals (24 h, 48 h
and 72 h) and nitrogenase activity and phosphate
[Internat. J. Plant Protec., 3 (1) April, 2010]

solubilising activity of A. lipoferum and B. megaterium
in the presence of different concentrations of the
herbicides viz., 2,4-DEE, butachlor and pretilachlor and
pyrazosulfuron ethyl were studied in thisexperiment.

Effect of herbicides on the growth of A. lipoferum and
B. megaterium :

The growth of A. lipoferum in N free malic acid
broth amended with herbicidesat different concentrations
is presented in Table 1 and Fig. 1. The growth of A.
lipoferum was observed to be highly influenced by the
presence of herbicidesin the growth medium. Aninitial
decrease in growth which recovered in the later stages
of incubation was observed in all the herbicides.
Significant decrease in the growth of A. lipoferum was
recorded in the presence of butachlor (5.128 log CFU
ml*) compared to 2,4-DEE (5.188 log CFU ml?),
pretilachlor (5.226 og CFU mit) and pyrazosulfuron ethyl
(5.258 1og CFU mi%). Among the different concentrations,
maximum inhibition of growth was recorded at 100FR
(5.059 log CFU mlt). The least inhibition was observed
in 1FR (5.24410og CFU mlt) concentration (Table 1, Fig.
1).

Growth of B. megaterium in Pikovskaya’s broth
(Table2 and Fig. 2) amended with different concentrations
of 2,4-DEE, butachlor and pretilachlor and pyrazosulfuron
ethyl was measured. Among the herbicides, application
of butachlor and 100FR among the concentrations were
found to significantly decrease the growth of B.
megaterium (5.384 and 5.176 log CFU ml™, respectively)
in comparison with other treatments. The growth in 1FR
concentrations of pyrazosulfuron ethyl (5.730 log CFU
ml-t) equaled that of the control (5.7431og CFU ml-) and
was significantly higher than other treatments at the end
of theincubation period. The lowest growth wasrecorded
in 100FR concentrations of butachlor (5.1121og CFU ml2).

Pure culture studies are potentially important in the

log CFUmI-1

24
2,4-DEE

Fig. 1: Effect of different concentrations of herbicides on the
growth of A. lipoferum in broth culture

®HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE®



52 EFFECTS OF HERBICIDES ON THE GROWTH & ACTIVITY OF Azospirillum lipoferum & Bacillus megatarium in vitro CONDITIONS

19.86
18.42
16.63

Mean
19.16

21.44
(5.283) (5.244)

20.55
(5.263) (5.207)

19.11

(5.233) (5.160)

21.11

Mean
(5.275) (5.229)

72
4.33

(5.536)
34.00
33.00

(5.531)
(5.519)
30.33

application

Incubation time (h)
48

24

19.33
(5.286)
19.00
(5.279)
18.66
17.66
(5.247)
16.00

Days after pyrazosulfuron ethyl
(5.271)

[aa]
Lax]

10.66
(5.028)
10.33
(5.014)
10.00
(5.000)

9.
(4.970)

Mean
20.77
(5.266)
19.44
18.89
22
17.33
(5.176)

(5.239)

72
33.66
(5.527)
31.66
(5.501)
31.00
(5491)
29.33

18.66
(5.271)
17.00
(5.230)
16.66
(5.222)
15.00

Days after pretilachlor application
Incubation time (h)
48

24
10.00
5.000)
9.66

(4.985)
9.00
(4.954)
7.66
(4.884)

(

Mean
18.00
(5.196)
17.55
(5.183)
16.67
(5.156)
14.11
(5.082)

)
)

72
29.66
(5472
20.00
2|

(5462
28.00

(5.447)
233

13)

b
E
-
=
@]
=)
-
ot
=
=
R
kS
&
=
=
=
=
L.
A
=
=
g
.
—
=]
=1
=)
=
=
=
f=8
=]
(=M

16.33

(5.2
16.00

(5.204)
15.00

(5.176)
13.33

Incubation time (h)
48

Days after butachlor application
24

8.00
(4.903)
7.66
(4.884)
7.00
(4.845)
5.66

2)

(o]
al
o

3

5.
17.55
(5.185)
15.99

(

Mean
2
18.55
(5.218)

o

72
|
(5.496)
30.00
(5.477)
29.33
(5.467)
26.66
(5.426)

™

48
17.00
(5.230)
16.66
15.33
(5.186)
13.66

Days after 2,4-DEE application
(5.222)

Incubation time (h)

24
9.33
(4.970)
9.00
{4.954)
8.00
{4.903)
7.66

o
=
-
]
7}
=
=]
=
f=
£
=
-
=
2
b
=
Y
=
=
==
—
=
=
=
=
-
O
-
=
=
v
—_
=]
=
k-
=
(=
=
[-=11]
=
=
w
=¥
=
1
2]
=]
=
@
=
o
(=}
w
=
=2
-
-}
P
-
=]
@
=
=
=
L=]
-
=
=
=
K
=
=
=
-
=
-
o=
)

IFR

Table 1
Herbicide )
concentration
2FR

SFR

10FR

(5.482)
28.66

(5.4

(5467)
27.66
(5.442)

(5.176)
14.66
(5.166)

5) (5.368)

2

1

(5.

(4.753)

(5.148)

(5.125)
10.66
(5.028)

14.884)

14.39

17.66
(5.194) (5.059)

8.33
(4.921)

16.44

(5.151)

8.

2.00

13.11
(4.301)

(5.041)

23.33

5.33
i4.727)

100FR

57)

204)

0.66

(5

(4.849) (4.845)

(5.308)

(4.938)

(5.368)

22:33

2233

(5.301) (5.301)

35.33
(5.548)

32.61

-

11.00
(5.041)

33

2

2
(5.301)

35.33
(5.548)
31.44
(5.496)

20.66
(5.315)

11.00

(5.041)

22.33

(5.301)

35.33
(5.548)

20.66
(5.315)

11.00
(5.041)

1100 2066 3533 2233
(5.315) (5.301)

(5.041)

Control

315)
18.55
(5.267)

(5

(5.548)

18.46
(5.200)

20.37
(5.258)

C.D. (P

9.94

(4.996)

19.20
(5.226)

Factors

9.05 1714

(4.952)

27.61 16.50
(5.128)

(5.434)

15.00
(5.162)

6.69
(4.788)

17.79
(5.188)

0.05)

29.33

15.66
(5.186)

8.39
4.913)

Mcan

(5.512)

(5.230)

ol

(5.464)

=0.05)

0.05)

0.012
0.008

0.010

C.D. (P

Factors
HXC
HXT
TXC

C.D. (P

Factors

HXCXT

0.005
0.006

0.004

Values in parenthesis are log,y transformed

Herbicides (H)

Concentration (C)

Time (T)

[Internat. J. Plant Protec., 3 (1) April, 2010]

study of effect of pesticides on soil
microorganismsbecause of their smplicity
and the wealth of information yielded
(Greaves, 1982) and is used for toxicity
testing by studying the effect of an added
pesticide on growth and metabolism of
single microbial species in a defined
medium. They areavaluableaidinrapidly
screening large numbers of pesticidesand
in helping to decide whether further, more
complicated i nvestigations are necessary.
These tests also help to determine if the
herbicidetested isinhibitory tothemicrobial
species or conversely if the herbicide can
be used as nutrient source by the bacteria
tested.

Typical growth response curves of
both A. lipoferum and B. megaterium
showing that growth was progressively
inhibited as the concentrations were
increased as were observed for all the
herbicides used in this investigation.
Butachlor at the highest concentration of
100FR was found toinhibit the growth and
activities of both A. lipoferum and B.
megaterium to the maximum extent.

Severd invitro studiesintheliterature
report the effect of herbicides on
Azospirillum and Bacillus though the
herbicides are different from that used in
thisstudy. The phenoxy acid herbicide 2,4-
D had no effect on the growth and
nitrogenase activity of A. brazlenseat 100,
200 and 300 pg ml* (Martinez-Toledo et
al., 1990). Theinfluence of the herbicides
metamitron, metribuzin, ethiozin and
paraguat on growth and nitrogenase activity
of Azospirillum lipoferum and A.
brasilense was studied (Gadkari and
Klingmuller, 1988). It was observed that
metamitron (35 pugml*and 70 pgmi) and
ethiozin (20 pg ml™) did not exert any
inhibitory effect on nitrogenase activity of
these strains. On theother hand, metribuzin
(7 pg mi and 14 pg ml™) and ethiozin (50
pg mi?) caused a marked decrease in
nitrogenase activity. These results are
contrasting to the present experiment
where 0.375 ug mi, 0.50 ug mi, 0.15ug
mi~* and 0.125 pg ml* concentrations of
2,4-DEE, butachlor, pretilachlor and
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pyrazosulfuron ethyl were found to reduce
the growth and nitrogenase activity of
Azospirillum lipoferum. The dissimilar

results could be dueto thedifferenceinthe
herbicides used in the studies. The

population of Azospirillum sp. initially

decreased, then increased and reached a

stationary phase in liquid medium in the

presence of certain insecticides endosulfan
and monocrotophos (Gadagi et al., 2004).
A similar trend was also observed in the

present experiment where the Azospirillum

lipoferum growth initially decreased after
24 h of incubation compared to control

treatment and then increased at over time.

Inhibition of the growth of B.
megaterium and B. subtilis by ioxynil and

bromoxynil, diquat and paraquat was
reported by Smith and Fletcher (1964).
Cserhati et al. (1992) have reported the
negative effect of benzonitrile ester

herbicides on B. megaterium. The
herbicides rimsulfuron and cinosulfuron

werefound to inhibit the growth of both A.

lipoferum and B. megaterium when tested

amine was found to be toxic to B. subtilis

against concentrations ranging from 0.2 to
0.5 pmol g* (Forlani et al., 1995). 2,4-D
and the percentage survival was found to

decrease with increasing concentration of

herbicidesused in thisstudy were observed
to reduce the growth of Bacillus

theherbicide (Adeleyeet al., 2004). All the
megaterium at all the concentrated tested.

Burnet and Hodgson (1991) have

reported that the membrane actsasabarrier

herbicides that are able to penetrate the
bacterial cell or that inhibit any membrane
or cell wall surface activities show
inhibitory effects on bacterial growth and
activity. 2,4-D has been reported to go
through the cell envel ope of Rhizobiumand
accumulate in the cytosol producing toxic
effects (Fabraet al., 1997). 2-4 D hasalso
been shown to exhibit cytotoxicity and

that keepsthe herbicides out of the cell. So
mutagenicity

Rhizobium and

to

et al., 2001) are known to increase the cell

Bradyr hizobium sp (Jaiswal et al., 2004).
Herbicides that have more solubility in
hydrophobic solvents like butachlor (Kim
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Sa

log CFU mi*
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BIFR m2FR B5FR B10FR 0100FR  Control

Fig. 2: Effect of different concentrations of herbicides on

the growth of B. megaterium in broth culture

membrane permeability and increase the toxic effects.
Certain chemicalslike also inhibit microbial growth and
activity by inhibiting oxidative phosphorylation and AT Pase
activity (Ferrer et al., 1986).

It was observed in this experiment that the herbicides
inhibited the growth and activities of Azospirillum
lipoferum and Bacillus megaterium when they were
present in the growth medium wherethey cameinto direct
contact with the bacterial cell. However, extrapolation of
these resultsto the soil and rhizosphere requires caution
because anumber of factorsincluding climate, soil type,
agricultural practices and the composition of microbial
communities also influence the effect of the applied
herbicides (Gadagi, et al., 2004).During in vitro studies,
it was observed that butachl or supported lesser population
of Azospirillum lipoferum (26.10 % reduction over
control) and Bacillus megaterium (58.18% reduction over
control) when compared to other herbicides.

Authors’ affiliations:

H. GOPAL, Department Agricultural Microbiology, Tamil
Nadu Agricultural University, COIMBATORE (T.N.)
INDIA

REFERENCES

Adeleye, | .A., Okorodudu, E. and Lawal, O. (2004). Effect of
some herbicides used in Nigeria on Rhizobium phaseoli,
Azotobacter vinelandii and Bacillussubtilis. J. Environ. Biol.,
25:151-156.

Burnet, M. and Hodgson, B. (1991). Differential effects of the
sulfonylurea herbicides chlorsul furon and sulfometuron methyl
on microorganisms. Arch. Microbiol., 155: 521-525.

Cserhati, T, llles, Z. and Nemes-K osa, S. (1992). Effect of
benzonitrile ester herbicides on the growth of some soil
bacteria. J. Appl. Bacteriol., 72: 533-528.

[Internat. J. Plant Protec., 3 (1) April, 2010]

Fabra, A.R., Duffard and Duffard, A.E. (1997). Toxicity of 2,4-
dichlorophenoxy acetic acid to Rhizobium sp. in pure culture.
Bull. Environ. Contam. Toxicol., 59: 645-652.

Ferrer,M.R., Gonzalez-L opez, J. and Cormenzana, A.R. (1986).
Effect of some herbicides on the biological activity of
Azotobacter vinelandi. Soil Biol. Biochem., 18: 237-238.

Forlani, G, Mantédlli, M., Branzoni, M., Nielson, E. and Favilli,
F. (1995). Differential sensitivity of plant associated bacteriato
sulfonylurea and imidazolinone herbicides. Plant Soil, 176:
243-253.

Gadagi, R. S,, Sa, T. and Chung, J.B. (2004). Chemicd insecticide
effects on growth and nitrogenase activity of Azospirillum sp.
OAD-2. Commu. Soil Sci. Plant Anal., 35: 495-503.

Gadkari, D and Klingmuller, W. (1988). I nfluence of herbicides
on growth and nitrogenase activity of Azospirillum. In:
Azospirillum V. Genetics, Physiology, Ecology. Proc. the 4"
AzospirillumWorkshop. Springer Verlag. pp. 150-158.

Greaves, M.P. (1982). Effect of pesticides on soil
microorganisms. In; Experimental Microbial Ecology (Eds.).
Burns and Slater. Blackwell Scientific Publ. Oxford. pp. 613-
630.

Jaiswal, R., Siddiqui, S.and M usarrat, J. (2004). Herbicide
induced in vitro protein degradation, mutagenicity and
cytotoxicity in bacteria. In: Conf. Proc. of Biotechnology of
Microbes and Sustainabl e Utilization. pp. 300-308.

Kim, S.H., Hyun, S. and Lee, Y.D. (2001). Partitioning of
butachlor at air-water interface and transport in unsaturated
sandy soils. Environ. Engg. <ci., 18:115 -123.

Martinez-Toledo, M .V., Salmeron, V. and Gonzalez-L opez, J.
(1990). Effect of phenoxy and benzoic acid herbicides on
nitrogenase activity and growth of Azospirillum brasilense.
Soil Biol. Biochem., 22: 879-881.

Sarkar, G.C.K. and Ghosh, S.K. (2001). Pollution: darmbells
ringinIndian agriculture. Sci. Culture, 67: 355-361.

Seghers, D., Bulcke, R., Reheul, D., Siciliano, S.D., Top, E.M.
and Verstraete, W. (2003). Pollution induced community
tolerance (PICT) and analysis of 16SrDNA genesto evaluate
the long term effects of herbicides on methanotrophic
communitiesin soil. European J. Soil Sci., 54: 679-684.

Smith, J.E. and Fletcher, W.W. (1964). 3,5-Dihalogeno-4-
hyroxy-benzonitriles and soil microorganisms. Hort. Res., 40:
60-62.

Yadaraju, N.T.and Mishra, J.S. (2002). Herbicides-boon or
bane? Pestol ., 26: 43-46.

kkkkk*k*%x

®HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE®



