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In rice culture, carbofuran (2,3-dihydro-2,2-dimethyl- 
7-benzofuranyl ~-methylcarbamate) is being extensively 
used in view of the recent outbreak of the brown plant- 
hopper (Nilaparvata lugens Stal.). Most of the studies 
indicate an indirect involvement of soil microorganisms 
in the degradation of carbofuran (Getzin 1973, Williams 
et al. 1976, Siddaramappa et al. 1978). Microorganisms 
have been implicated in the metabolism of carbofuran in 
flooded soils after an initial lag of about 20 days 
(Venkateswarlu et al. 1977, Venkateswarlu and 
Sethunathan 1979). We now report the metabolic path- 
way in the degradation of ring-14C-carbofuran by a 
bacterium (Azospirillum li~oferum) and two actino- 
mycetes (Streptomyces spp.~, isolated from flooded 
alluvial soil. 

MATERIALS AND METHODS 

A thin, undulating film characteristic of the genus 
Azospirillum was observed in the standing water of a 
flooded alluvial soil taken in a test tube and amended 
with technical carbofuran (40 ppm). One loopful of 
this was transferred to a semisolid malate medium, 
used for the isolation of Azospirillum lipoferum 
(Dobereiner et al. 1976). A typical white, dense, 
fine pellicle developed, a few mm below the surface 
of the semisolid malate medium within 24 h at 30~ 
The organism was cultured following the technique of 
Neyra and Dobereiner (1977) and identified as 
Azospirillum lipoferum (Beijerinck), based on the 
description of Tarrand eta!. (1978). 

In another attempt, i0 g portions of the alluvial 
soil were spread as a thin layer in 250 mL Erlenmeyer 
flasks and then flooded with 12.5 mL of distilled 
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water to simulate the oxidized surface of flooded soil. 
The soil was then supplemented with Furadan 3G (3% 
carbofuran) to provide 5000 ppm of carbofuran. The two 
distinct white, visible colonies appeared on the surface 
of the flood water of the soil were tentatively identi- 
fied as Strept~myces spp. 

Uniformly ring-labeled 14C-carbofuran (specific acti- 
vity, 2.20 mCi/mmol; 98% purity) was first dissolved in 
I00 mL acetone. The acetone in a 5 mL aliquot of this 
stock solution was evaporated to dryness at room tempe- 
rature and the residue was equilibrated with distilled 
water for 8 h before Mi!iipore filtration. To 25 mL 
portions of the sterile salts medium (pH 7.0) without 
any carbon source, taken in i00 mL Erlenmeyer flasks, 
the filtered labeled-carbofuran together with technical 
carbofuran was added to provide a final concentration 
of 40 ppm. The flasks were inoculated either with one 
milliliter suspension of ~. lip oferum culture main- 
tained in mineral salts medium containing carbofuran or 
with seven-day old cultures of Streptomyces spp. from 
solid agar medium. Uninoculated medium served as 
control. After 20 and 30 days of incubation at 30~ in 
a BOD incubator, two replicates were removed for 
residue analysis. 

The residues of carbofuran from two replicate samples 
were extracted thrice using chloroform-diethy! ether, 
(l:l)as described earlier (Venkateswarlu et al. 1977). 
After evaporating the solvent from the pooled fract- 
ions, the residues were redissolved in 2 mL methanol. 
The radioactivity partitioned into the solvent and the 
medium left after solvent extraction was determined in 
a liquid scintillation counter, LSS 20, Electronics 
Corporation of India Ltd., Hyderabad (Venkateswarlu 
and Sethunathan 1979). After thin-layer chromato- 
graphic separation, the silica gel areas on TLC plates 
opposite to the authentic compounds (carbofuran and 
its predicted metabolites, carbofuran phenol and 
3-hydroxycarbofuran) were taken into 5 mL scinti- 
llator for radioactivity determination. 

RESULTS AND DISCUSSION 

At the end of 30 days of incubation, nearly 73% of 
carbofuran was degraded in the mineral salts medium 
inoculated with ~. lipoferum (Table i) as compared to 
only 37% loss from the uninoculated medium. The slow 
decomposition of carbofuran which occurred in un- 
inoculated medium might be due to its chemical 
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hydrolysis at pH 7.0 as evidenced by the formation of 
carbofuran phenol even in uninoculated medium. Carbo- 
furan phenol was the major product of bacterial 
metabolism of carbofuran with 3-hydroxycarbofuran as 
minor product. Carbofuran phenol decreased between 
20 and 30 days indicating its further transformation. 
The decrease in the recovery of total radioactivity 
in organic solvent extract of the inoculated medium 
was accompanied by an increase in the radioactivity in 
the water phase remaining after organic solvent extra- 
ction indicating the conversion of carbofuran past 
carbofuran phenol and 3-hydroxycarbofuran. It is very 
interesting to note that ~. lipoferum isolated in our 
laboratory from rice roots and flooded alluvial soil 
also e~libited greater 15N incorporation and acetylene 
reduction (Nayak et al. 1981). 

Of particular interest is also the higher capacity of 
both Streptomyces spp. to degrade carbofuran (Table I). 
Within I0 to 20 days of incubation with Streptomyqes 
spp, the color of the medium turned from colorless to 
reddish brown indicating the conversion of carbofuran 
to colored metabolite(s). The extent of carbofuran 
degradation was 76 and 67% after 30 days of incuba- 
tion with Streptomyces isolates I and 2, respectively, 
as compared to the 37% in uninoculated medium. 
Carbofuran phenol was recovered as a major product of 
carbofuran metabolism by Streptomyces spp. Carbofuran 
phenol was z~tabolized further, as indicated by its 
decrease, probably to the colored metabolite. 
Interestingly, the colored metabolite was not extracted 
by the chloroform-diethyl ether unlike carbofuran and 
carbofuran phenol but remained in the water phase. 
Thus, at the end of 30 days, 36 and 18% of added 
carbofuran was recovered from the water phase (remain- 
ing after organic solvent extraction) of the medium 
inoculated with isolates 1 and 2, respectively, as 
against the corresponding value of only 3% from the 
water phase of the uninoculated medium. This showed 
that the degradation of carbofuran was fairly rapid in 
the presence of the isolates of Streotgjnyces resulting 
in the formation of water soluble products. According 
to an earlier report (Williams eta!. !976), actino- 
mycetes have been particularly implicated in the 
degradation of carbofuran in aerobic soils. 

The present data would indicate that A. li~ofe~mm, 
shown to occur in most of the rice so~!s (Charyu!u and 
Rao 1980), besides enriching the soil with biologi- 
cally fixed nitrogen appears to play a major role in 
the degradation of carbofuran under flooded conditions. 
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Streptomyces spp which predominated in the aerobic 
zones of the flooded soil may also facilitate the 
carbofuran loss from the rice fields considerably 
leading to the formation of colored water soluble 
products. 
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