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Aldicarb is a systemic carbamate pesticide~zhich is 
widelyused for protection of commercial crops from 
attack by insects! nematodes and other pests. As for 
organophosphorus insecticidesr the essential basis of 
carbamate Insecticidal activityfsthe inhibition of 
acetylchollnesterase. However~ the two classes behave 
differently on their mechanism of inhibition (Corbett 
st al 1984). Aerobic and anaerobic degradation of 
aldicarb were investigated in vitro (Bank and Tyrrel3 
1984. 198~ Given and Dierberg 1985) in soils (Ou: et 
al 1985a, 1985b) and in groundwater (Miles and Delfin~ 
1985). Although microbiai degradation appears to be 
the main factor contributing te the disappearance ef 
aldicarb in soils~ effects of the insecticide on soll 
microorganisms have not been reported. Little is kno~n 
about the action of organophosphorus and carbamate 
pesticides on bacterial biochemistry~ We observed that 
Eseheriehia co!! (Rosas et al 1986~ 1985) and Rhizobittm 
meilii0tl (Carranza et al 1985, 1986; Th~ar et al 1987) 
modified their celZular concentration of proteins~ 
phosphollpids~ fatty acids~ and carbohydrates~ ~hen 
parathion ~ms added tQ the gro~h medium. The purpose 
of initiating the present study was to determine the 
result of aldicarb addition to pure culture of 
R.me!il, ot!. 

b~TERIAL$ AND k~ETHODS 

Rhizobiu~n me!iloti 3DO h13 was kindly provided by Dr. 
L ilian Fri'on~' (U~versidad Nacional+deAR~o C%~arto, 
Argentina)~ Ceils were grcwnn at 28 - 2Uc in a defined 
saline medium which ~s described else~there (Carranza 
e~ al 1985~ 1986). Analytical grade aldicarb g2methyl- 
2 (me thylthlo) pr opionaldehyde-O (me thylcarbamoyl) oxime ~ 
was a gift from Union Carbide Argentina. Stock solution 
of a!dlcarb ~ms prepared in absolute ethanol and 
diluted lO00-fold by volume in the medium to give a 
final concentration of ~ mg/mL. Controls had the 
equivalent volume of absolute ethanol. 
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Bacterial growth was recorded as optical density at ~20 
nm against a medium blank~Cells were harvested at the 
logarithmic and at the stationary phases of growth, 
concentrated by centrifugation~and washed. Dry weight 
was determined by lyophilization, Lipids were extracted 
and subjected te thin-layer chromatography using 
prevlously reported procedures (Rosas et al 1980, 1985) 
wozal lipid pnospnorus as well as individual phospho- 
l~pids were evaluated according ts Dodge and Phillips 
[1967).Proteins were determined by the method of Lowry 
st al (1951). Total cellular carbohydrates and excreted 
polysaccharides were analyzed as glucose by using the 
anthrone-sulphuric method ef Trevelyanand Harrison 
(1952). 

RESULTS AND DISCUSSION 

R.meliloti cultivated in a broth medium which has 
receives % mg aldicarb/L at the startefincubation did 
not change its growth pattern. In similar , experimental 
conditions, we had preyi~ously observed (Carranza et al 
1985~ Th~ar et al 1987) that 2.5 ~ m g" parathion/L 
decreased the growt~rate of R.melilot i. 

Chemical composition of microbial cells was determined 
at logarithmic and stationary phases ef gro~rth. Tables 
I and 2 show that the content of proteins and phosp~o- 
lipide, as well as phospholipid composition of aldicarb 
treated mlcroorganisms were the same as controls~.~ On 
the other hand. Table 1 indicates thati both total 
cellular carbohydrates (TCC) and polysaccharide~ 
excreted to the medium (EPS) were diminished. The 
results are suggestive of a delayed carbohydrate 
synthe sis. 

Fast-growing rhizobia are known for their capacity to 
produce a variety of cellular ~ polysaccharides such as 
metabolizable glycogen and cell surface polysaccharides 
(~-glucans~ lipopolysaccharides, c~psular polysac- 
charides). In addition~ rhizobia excrete copious ~ 
amounts of soluble exopolysaccharides (EPS) when grown 
in synthetic culture media. Zevenhuizen (1984) 
corroborated that EPS excretion and TCC accumulation 
began in the logarithmic phase and continued in the 
stationa#y phase of growth; glucans gradually leaked 
out of the ~ells and were found in the EPS fraction of 
the medium. We calculated the relative increases of TCC 
and of EPS from logarithmic to stationary ~phases of 
R.meliloti growth, as percentages of logarithmic phase 
valu6~. Table 3 shows that aldicarb treated! cells 
decreased TCC accumulation and increased EPS excretion. 
These findings leave open the possibility of changes 
in carbohydrate metabolism when R~melil0ti was exposed 
to the ihsecticide. 
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Table 2.. Effects of aldicarb on th~ phgspholipid 
composition of R.me~ilot! 3DO h13 

PI PS PA PC PE PG 

Control cells 12 Ii 20 19 20 18 
Aldicarb treated IO 14 19 21 21 15 

Results are expressed as % of total lipid ohosphorus 
(Table l) means from five experiments. P~ospholipids: 
PI: phosphatidylinoslto1~ PS: phosphatidylserlne~ 
PA: phosphatidic acid~ PC: phosphatidylcholine~ 
PE: phgsphatldylethanglamlne~ PG: phosp~atidylglycerol 

Table 3.. Carbohydrates increases from logarithmic to 
stationary phases of R.mel!loti 3DO h13 gro~h 
calculated as % of logarithmic phase values. 

Cellular Excreted 
Carbohydrates Polysacc~arides 

Control cells I~ 45 
Aldicarb treated 59 117 

Although variations in cellular composition of aldicarb 
treated R.melilot! were less impressive than those we 
had previously observed in parathion treated bacteria 
(Carranza et al 1985) the presence of aldicarb and 
parathion in the graph medium led to alterations in 
rhizoblal carbohydrates. A possible role for rhizoblal 
polysaccharides in the nodulatlonprocess has beena 
subject of great interest for a number of years~ but 
has not ~een demonstrated conclusively. The current 
hypothesis receiving the most support (Halverson and 
Stacey 1986) is that rhizobial cell surface polysac- 
charides ~hmction as signal molecules which induce host 
responses for infection and nodulation. Hence~ changes 
in the metabolism of rhizobial carbohydrates mlght 
affect the development of the plant-microbelnteraction. 

Several studieshave shown that the major metabolic 
path~my of aldicarb in soils is rapid oxidation to 
aldlcarb sulfoxide followed by slower oxidation to 
aldicarb sulfone or hydrolysis to aldicarb sulfoxide 
oxlme (0u et al 1985a, 1985b). Further research is 
needed in order to ~ . I  the degradation pathway of 
aldicarb and to characterize the actual toxic substance 
i~ our experimental conditions. 
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