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SUMMARY

Experimentswere conducted at the Department of Agricultural Microbiology to study the effect of
herbicidesviz., 2,4-DEE, butachlor, pretilachlor and pyrazosulfuron ethyl on soil microor ganismsand
enzymeactivitiesin laboratory microcosms, in vitro effect on growth of pureculturesof Azospirillum
lipoferum and Bacillus megaterium and their nitrogen fixation and phosphate solubilisation abilities
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PC.LATHA and also on theeffect of her bicideapplication toricein pot cultureinoculated with biofertiliser, Azophos.
Department of Soil microbiological, biochemical, chemical and agronomicvariableswerealso studied in a per manent
Agricultural herbicidetrial to study theimpact of longterm herbicideapplication in transplanted low land rice-rice

Microbiology, Tamil
Nadu Agricultural

system.Inlaboratory incubation studies, it wasobserved that butachlor wasmor einhibitory tomicrobial
populations(7.85t034.20% reduction over control) and soil enzymeactivities(5.03t0 19.11% reduction

University, over control) when compar ed to 2,4-DEE, pretilachlor and pyr azosulfuron ethyl. Amongtheherbicides
ICNO[')'IV'ABATORE (T.N.) tested, the soil microbial population and enzymeactivity inhibition followed atrend, butachlor >2,4-DEE
> pretilachlor > pyrazosulfuron ethyl.
he present day agriculture depends upon  top layer of 0-15 cm soil. Herbicides being
highyielding varieties, inorganicfertilizers  piologically active compounds, an unintended
and pesticides to achieve the increased food  conseguence of the application of herbicides
production required to keep pace with the  couldinfluencethemicrobial ecological balance
increasing population. The progressive inthesoil leadingto significant changesin the
modernization of irrigated rice cultivation in  populations of microorganisms and their
India, using the above technologieshasled to  activitiesand affecting the productivity of soils
tremendousincreasein rice production, which  (Boldt and Jacobsen, 1998). Hence, the
has more than doubled over thelast 35 years,  increasing reliance of rice cultivation on
mainly driven by 85% ncreasein productivity. herbicides has led to concern about their
InIndia, herbicides constituted only 15per  ecotoxicological behaviour in the rice field
cent of the total consumption of pesticides, environment.
compared to the worldwide consumption of With this background, the present
Key words : 47.5 per cent. The herbicide consumption is  investigation was carried out with the main
Herbicides, expected to increase dramatically in future as  objective, to understand and predict the effect
Cellulolytic, the use of herbicideshasbeen expandingmore  of herbicidesviz., 2,4-D-2ethylhexyl ester (2,4-
Proteolytic, rapidly than that of the other pesticides (Bhan  DEE), butachlor, pretilachlor and pyrazosulfuron
Phosphate and Mishra, 2001). Herbicide usage, whichwas  ethyl on rice soil microorganisms and their
solubilising earlier confined to plantation crops, hasnow  activities, which could lead to their judicious
bacteria expanded to crops like wheat (42 per cent of  useand thereby to reducetheir negative effects,
the total consumption of herbicides) and rice  if any on the environment.
(30 per cent) with the states of Punjab, Uttar
Pradesh, Tamil Nadu and Andhra Pradesh MATERIALS AND METHODS
leading in the consumption of more herbicides. A laboratory incubation experiment was
Since the herbicides are used when the  qnqycted using field soil obtained from
crop is either absent as pre-emergence or & et ands of TNAU, Coimbatore, by devising
its early stage of growth as post-emergence, @  jicrocosms to study the effect of different
Accepted: high proportion of the herbicidereachesthesoil - oncentrations of herbicide formulations on
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and accumulatesin themicrobiologicaly active

cultivable microflora and potential enzyme
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activities.

Soil microcosms :

Soil obtained from wetlands of TNAU, Coimbatore
wasair dried and passed through 2 mm sieve. The soil in
portions equivalent to 250 g oven dry weight was placed
in 500 ml beakers, adjusted to the required level of
moisture in flooded condition and pre-incubated at 30 +
1°Cfor 3 daysfor conditioning. Appropriate quantities of
the herbicide formulations were added to the soil to
maintain concentrations of herbicidesat control, FR (field
rate), 2FR (2 x field rate), 5FR (5 x field rate), 10 FR (10
x fieldrate) and 100 FR. Soil without herbicide application
was also maintained as control. The field rates of
application for different herbicides were 0.75 kg ai. hat
for 2,4-DEE, 1.0 kg ai. ha? for butachlor, 0.30 kg ai. hat
for pretilachlor and 25g ai. ha' for pyrazosulfuron ethyl.
Water was adjusted to the samelevelsin al thetreatments
including control. A 3 cm depth of overlying water was
maintained in al the treatments. The treated soils were
then covered with plastic sheets having small holes and
incubated at 30 + 1°C inthe dark for 30 days. For sampling
thesoil at different intervals, overlyingwater wascarefully
removed and the surface soil was collected from a depth
of 0-3cmusing aspatula(Saeki and Toyata, 2004). Samples
were drawn at 0, 7, 15 and 30 days after application of
herbicidesand analysed for the effect of herbicideson soil
microbid popul ationsand enzyme activities.

Enumeration of cellulolytic, proteolytic and phosphate
solubilising bacteria :

The population of cellulase producing bacteriawas
determined by plating soil dilutionson CM C agar medium
(Henriksen and Breland, 1999). The plateswereincubated
in the dark at 25 + 1°C for 5 days and then flooded with
congo red (0.1% solution, 15 minutes), followed by the
addition of 1M NaCl and 1M HCI for visualization of
solubilization zones around the bacterial colonies (Teather
and Wood, 1982).

Viable counts of protein degrading bacteriain soil
were enumerated on skimmilk agar medium (Aneja, 1996).
The coloniesthat showed zones of solubilisation of casein
were recorded as proteolytic bacteria

The population of phosphate solubilising bacteria
present in the soil samples was enumerated on sucrose —
tri calcium phosphate agar medium (Pikovskaya, 1948).
The bacterial colonies surrounded by clear zones were
recorded as phosphate solubilizers.

RESULTS AND DISCUSSION
The effect of herbicides, 2,4-DEE, butachlor,
[Internat. J. Plant Protec., 3 (1) April, 2010]

pretilachlor and pyrazosulfuron ethyl at different
concentrations and at various incubation times were
studied using laboratory microcosms set up in the
Department of Agricultural Microbiology.
Theherbicides 2,4-DEE, butachlor, pretilachlor and
pyrazosulfuron ethyl were applied at different
concentrations to soil microcosms and the resultant
differencesin the population of cellulolytic bacteriawere
monitored (Table 1land Fig. 1). A comparison of thethree
factorsreveal ed that butachlor among herbicides, 100FR
among the concentrations and 15 days after application
recorded significantly lower population (4.988, 4.900 and
5.027 log CFU g* sail, respectively). Cellulolytic bacterial
popul ation were significantly influenced by theinteractive
effects of herbicide x concentration. The highest
population was observed in the control treatment of all
herbicides and was comparableto the population in 1FR
pretilachlor, 1FR pyrazosulfuron and 2FR pyrazosulfuron
ethyl. Non significant effectswere observed for herbicide
x days and herbicide x concentration x days interaction.
Significant differencesin the numbers of proteolytic
bacterial population were registered in the presence of
different concentrations of the herbicides when
enumerated at 7, 15 and 30 days after herbicide application
(Table 2). Significantly lower population (4.362 1og CFU
gt soil) was observed in the presence of butachlor
comparedto 2,4-DEE (4.39510g CFU g sail), pretilachlor
(4.42110g CFU g* sail) and pyrazosulfuron ethyl (4.427
log CFU g* soil). Higher concentrations of the herbicides
were observed to lower the population of proteolytic
bacteria, the 100 FR treatment recording the lowest
population (4.321 1og CFU g* sail). Theinfluence of the
interaction between herbicides and concentration
significantly influenced the proteolytic bacterial
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Fig. 1 : Impact of herbicide application on populations of

cellulolytic, proteolytic and P solubilizing bacteria
in the long term herbicidal trial
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n

Table 1
1FR
2FR
SFR
10FR
100FR

(4.900)

(5.029) (4.988) (4.985) (5.030)

14.37
(5.159)

13.13

(4.999)
14.87
(5.173)

(4.571) (4.673) (4.936)
12.45

(4.695)

(4.752)

(4.890)

14.89
(5.173)

11.91

(5.063)

14.89

14.89
(5.171)

13.16

15.43
(5.189)

14.89
(5.176)

15.44
(5.188)

14.88
(5.172)

14.35
(5.159)

14.88
(5.168)

15.41
(5.188)

14.88
(5.172)

14.36
(5.159)
12.74
(5.105)

C.D. (P=0.05)

14.87
(5.172)
11.73
(5.058)

15.42
(5.188)

Control

(5.159) (5.173)

13.60
(5.136)

13.06
(5.115)

12.42
(5.091)

1245
(5.091)

11.76

9.55 10.44 11.39 10.46
(4.994) (5.010) (4.988) (5.064)

(4.960)

11.68

(5.057)

10.58
(5.008)

Mean

(5.117)

(5.117)

(5.094)

0.05)

=0.05)

Factors C.D. (P

HXCXD

C.D. (P

Factors

Factors

NS

0.048
NS

HXC

0.019

Herbicides (H)

HXD
DXC

0.024

Concentration (C)

Days (D)

0.042

0.017

NS-Non significant

Values in parenthesis are log;, transformed; Initial population of cellulolytic bacteria before herbicide application: 15.96 x 10* CFU g dry soil
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populations. Butachlor at 100 FR had the lowest
population (4.205 log CFU g* soil), while the
highest population was observed in control and
1FR treatments of all herbicides.

Changes in the phosphate solubilizing
bacterial population as a consequence of the
application of herbicidesat different concentrations
were monitored at different days and are
presented in Table 3. Among the herbicides, the
lowest population was observed in butachlor (4.573
log CFU g soil) followed by 2,4-DEE (4.591 log
CFU g! sail), pretilachlor (4.599 log CFU g* soil)
and pyrazosulfuron ethyl (4.609 log CFU g* sail).
The highest concentration of herbicides (100FR)
recorded the lowest population of 4.547 log CFU
g soil, compared to the other concentrations. Non
significant interaction effects of the factors were
observed for phosphate solubilising bacterial
populations.

Weeds are the magjor biological constraintin
most rice growing areas of the world. Unlike the
periodic outbreaks of insect pests and plant
diseases, weeds are ever present and threatening.
Problems associated with weedsin rice cultivation
are mounting dramatically in South and Southeast
Asia because of the reduced availability of
affordable labour. The lack of suitable weed
control alternatives has led to the increasing
reliance on herbicidesin many ricegrowing areas
and their use is increasing as they are less
expensive and convenient than manual labour, very
effective and easy to use. In India, herbicide
consumption is expected to increase in future as
the use of herbicides has been expanding more
rapidly than that of the other pesticides used in
pest and disease control (Bhan and Mishra, 2001).

Herbicides may affect non target organisms
including microorganisms. Herbicide induced
changesin abundance, diversity and activity of soil
microbial communities may in turn influence
microorganism mediated processes that are
important to sustainabl e agriculturelikerecycling
of plant nutrients. Thisis especialy true of rice
ecosystem which iscomposed of extremely large
number of very diverse microbial subhabitatsin
space and time, and where productivity and
environmental quality are both linked to
microorganisms that are the main carriers of
bi ocatal ytic functions affecting nutrient supply to
the crop and isviewed asamajor supporter of the
system’s sustainability (Reichardt et al., 1998).
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The measurement of the microbial

population and processes at a large number
of concentrationsis a better way to study the

Hence, there are concerns about the
toxic effects of pesticides (Van Beelen and
Doelman, 1997). The 10FR treatment is

deleterious effects of herbicides on the rice
overlooked when increasing attentionisbeing

focused on environmental issues.
recommended in laboratory teststo assessthe

ecosystems and such impacts cannot be
side effects of pesticides on soil microflora
(Sommerville, 1987). Investigations performed
with high concentrationslike 100 times higher
than field rates although not immediately
relevant for agricultural management practice,

B2 IUSIS UON-SN

in those soils where monocultural practices
require repeated application of the herbicide.
Such positive control treatment which is
aready known to have an effect on microbes
can also be used to validate the sensitivity of
various measurements (Ahtiainen et al.,
2003).

Themonitoring periodisamost important
part for the assessment of pesticide effectsand
aminimum of 30 days has been recommended
for the recognition of persistent effectson soils.
A delay of 30 daysintherestitution of normality

may be useful for ng environmental risk

consequences being negligible, a delay of 60
days is not unusual, and the ecological
consequences are tolerable and a delay of
greater than 60 daysis unusual with ecological
consequences which may eventually becritica
(Domsch et al., 1983).

(recovery period) after herbicide application
should be considered normal with ecological

The results of this experiment revealed

that the application of herbicides reduced the
population of all the bacteriaenumerated during
the study with butachlor showing highest
reduction in the populations. This effect was
stronger with increasing concentration of the
herbi cides employed. However, the populations
at 1FR (and also 2FR for pyrazosulfuron ethyl)
concentrations recovered within 30 days to

reach populations not significantly different

from the control treatments.

Debnath et al. (2002) have reported that

butachlor at 2 kg ai. ha! (equivalentto 1 g g
1s0il) stimulated the population of phosphate
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