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Due te the wide spread use of organlc pesticides, increasing 
quantitles of pesticide residues bave reached in agriculture soils. 
Experience w�8 the organochlorine insecticides bas shown that seine 
may bave far-reaching ecelcgical side effects (TU and HILES, 1976). 
These mater�8 bave been restricted in use, but many new chemlcala, 
primarily organophosphorus, carbam-te, and synthetic pyrethroid 
insecticides, are being substituted. Prier te the reglstration of 
new materlals studios are conducted te determine thelr efficacy, 
persistency, movement, effects on nnn-target aquatic organisms and 
wild lire etc. Little consideration is glven te the effects they 
have on the population and the activities of non-target micro- 
organisms important te fertility in the soil. Several studios 
(BOLLEN, 1961; TU and MILES, 1976) have shown that pesticides bave 
seine effects on mlcrobial activities. Te evaluate the safe and 
effective use of these chemlcals, a screening technique for the 
effect of the pesticides on non-target microorganlsms in soils is 
desirable. Most of the screening work done se far has been directed 
toward determining microblal mineralization of soil organic nitrogen, 
respiration, oxidation of soil organic sulfur, and changes in 
populations of mlcroorganisms. Because these methods are complex 
and time-consuming, it would net be feaslble te de them all on all 
experimental pesticides prier te registration. There is. therefore, 
a need te devise a simple screening technique capable of yielding 
a preliminary assess~~eat of the effects of pesticides on soil 
microorganisms and miorobial activities. Hopefully such a technique 
could be incorporated into protoools for registration of pesticides. 
The objective of this study was te devise such a simple screening 
procedure. 

MATERIALS AND METHODS 

Soil samples were collected te a 15-cm depth and screened 
through a 2-mm sieve. Seine of the chemical and physical properties 
of the soils are shown in Table i. 

Two insecticides, dieldrin (I, 2,3,4,10,10-hexachloro-6,7-epoxy- 
I, 4,4a, 5, 6,7, Sa- oc tahydro-l, 4-endo, exo- 5,8-dimethanonaph thalene ) 
and chlorpyrifos (0,0-die thyl 0-3,5,6-trichloro-2-pyridyl phosphoro- 
thioate) were applied at 20 Dg active ingredient per grain of soil. 
The fumigant, Vorlex (20% methyl isothiocyanate and 80% chlorinated 
C 3 hydrooarbons including 1,3-diohloropropene), was applied st 650 
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TABLE 1 

Properties of three soils 

Determinatlon Loamy sand Sandy loam Clay loan 

pH 6.5 7.6 
KJeldahl nltrogen (%) 0.08 0.21 
Organio carbon (%) 0.41 ~.?�99 
Moisture-holding capacity (%) 38.00 66.10 

?.9 
0.20 
1.68 
53.00 

l~g/g by direct injection. Samples treated with streptomycin (2,4- 
dlguanldins-3,5,6-trlhydroxy-cyc 1 ohexyl-5-de oxy-2-O-2-ds oxy-2- 
aethylaa ino-~-glucopyconosyl -3-formyl  pentano furanoside s u l f a t e ) ,  
N-Serve (98.6% Z-chloro-6-trichloromethyl pyridine), maneb 
(aangenous e thylene b i s d i t h i o c a r b a : a t e )  a t  100 ~g/g  and 
p a s t e u r i s a t i o n  were a lso  prepared to compare t h e i r  e f f e c t s  on s o i l  
a l c r o b i a l  a c t i v i t y  with those of  the p e s t i c i d e s .  The requ l red  
amounts of pesticides, dleldrin, chlorpyrifos, N-Serve, and maneb 
were applied to the soil uslng a carrier sand as described before 
(TU, 1970). The streptomycin was Llxed thoroughly into the soil. 
3o11 was pasteurized by autoclaving at 15 lb of steam presure at 
121oc for 7 hr daily for a period of 4 days and oven-drled for 3 hr 
a t  I05~ 

To determine ohanges in microblal populations, tha treated 
8oii samples were incubated rive weeks ai 28oc in 236-~I mllk 
bottles, which were olosed with 0.038-,u thick polyethylene film. 
The moisture was maintained at 60% of the moisture-holding oapacity. 
Mtcrobial populat ions were detelnnined a f t e r  1 ,3 ,  and 5 weeks by the 
d i l u t i o n  p l a t e  method using sodium albuminate agar f o r  b a c t e r i a  and 
rose benga l - s t r ep toayc in  agar f o r  fungi  as repor ted  p rev ious ly  (TU 
and BOLTFN, 1968). An un t rea ted  con t ro l  was included.  Resul ts  
repor ted  are the averages of  th ree  p l a t e s  from each of  t r � 8  
sazple s. 

Nitrification of (NH#)2SO~-N added at 200 Dg/g was n 
using the soil perfusion technique (KAUFMAN, 1966). The ammonium 
sulfate was Bixed thoroughly into 50-g of pesticide or N-Serve 
treated soils. The soil sample was supported between glass wool in 
the upper soil tube and was perfused under positive air pressure for 
i0 weeks with 250 ml of solution. The perfusate was analysed 
weekly for nltrite and nltrate-nitrogen by methods described belote 
(TU and BOU~N, 1968). 

Oxygen oonsuaptlon was measured at 30~ for a period of ~ days 
using a Gilson differentlal respirooeeter. Eight-gram (oven-dry 
weight) por t ions  of each s o i l  in  a 15-ml Warburg f l a s k  conta in ing  
0.15 ml o f  20% KOH and a f i l t e r - p a p e r  s t r i p  in  the oen te r  woll  were 
ussd. Three replications of sample were studied. The values shown 
in graphs bave been oorreoted for nitrification and oxygen 
oonsumption of untreated soils. Ai1 results are expressed as the 
oven-dr~ weight of  s o t l s .  

~suL~s ASD D~CUSSIO~ 

The eoologloal slgnificanoe of any temporary change in numbers 
of soll mloroorganisms, aotivlties in nitrification and respiration 
can only be Judged when the role of groups of soil microbes and 
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TABLE 2 

Effect of various treatments on microbial populations 
in three soils 

Baoterin(XlOS/g soil) Fungi (XlO3/g seil) 

Tf,  arment Incubation time (weeks) 

(~g/g) l 3 5 1 3 5 

Loa~  sand 
Control 83 120 94 25 18 13 
Pas teur iza t ion  O" O" O* O* O* O* 
Streptomycin i00 78 71e 66 e - - - 
Maneb i00 - - 23 17 i~ 
Dieldrin 20 8~ i01 92 21 18 14 
Chlorpyrlfos 20 92 iii 88 26 16 16 
Vorlex 650 95 103 97 18 20 20 

Sand~ !oam 
Control 308 108 88 61 58 
Pasteuri~ation 0" 0e i" 0" 0e 1 e 
Streptomyein i00 283 92 ~ - - - 
Maneb i00 - - 33" 16e 33 
Dieldrin 20 338 126 104 37" 38" 51" 
Cblorpyr l fos  20 308 113 133 ~ *  2~™ 43 
Vorlex 6.50 456" 117 106 16" 18 e 32 

Cla~ loaa 
Control 16 81 240 7 16 6 
Pasteurization 0 e 0" le 0* 0e 0" 
S treptomycln I00 18 21 228 - - - 
Maneb i00 - - - 5 13 5 
Dieldrin 20 24 242 e 306 5 45e 18" 
Cblorpyrifos 20 15 22 293 5 5 13 
Vorlex 650 28" 254" 806" 8 20 19" 

�9 S i g n i f i c a n t l y  d i f f e r e n t  frein control(P <0.05)  

thelr act�8 within the terrestrlal ecosystem Is properly 
defined and quantlfied. 

The effect of different pesticides on soil microflora in 3 
soils is summarized in Table 2. Mone of the pesticides showed 
an inklbitory effect on bacterial eolony counts in the sandy and 
clay loams. Streptomycin at I00 ~tg/g reduced bacterial populations 
signlficantly in the loamy sand for 5 weeks. Low concentrations of 
streptomye�8 bave been demonstrated te Inhibit completely the 

~p OWth of a soil bacteria in pure oulture in laboratory media RA~R and STAR~Y, 1962). SO~LXDES et al. (1962) demonstrated 
that streptomycin in clay loams is unstable and degraded 
microblologically. It appears that streptomycin can persist in 
loamy sand for sufficient rime te bave a microblological effect. 
Ai1 pesticides inhlbited te seine extent the growth of fungi in the 
sandy loam for  3 weeks, however, none of the pes t ie ide  suppressed 
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DIELDRIN CHLORPYRIFOS VORLEX MANEB STREPTOMYCIN PASTEURIZATION 
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F I G U B E  2 .  E f f e c t  o f  v a r i o u s  t r e a t m e n t s  o n  s o ~  ~ c r o h i a l  r e s p i r a t i o n .  
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the  f u n g a l  p o p u l a t i o n  in  the  loamy sand and the c l a y  loam.  By 
c o n t r a s t ,  p o p u l a t i o n s  of  b a c t e r i a  and f u n g i  i n  p a s t e u r i s e d  s o i l s  
were s � 8  lower  than  those  in  the  c o n t r o l s .  

Trea tments  wi th  the  p e s t i c i d e s  i n h i b i t e d  n i t r i f i c a t i o n  to  
various degrees (Figure i). Nitrate origlnally present was 
immobilized in the loamy sand af ter 3 weeks and in the sandy loam 
af ter 5 weeks. Nitrification recovered af ter 7 weeks in the 
pestiy treated loamy sand and sandy loam. N-Serve showed 
greater inhibition in nitrate production in all soils, however, 
nitrification was not affected drastically bu chlorpyrifos in the 
clay loam, and by the pesticides af ter 7 weeks in sandy and @lay 
loams. A greater effect was observed with pasteurization in all 
soils. 

The oxygen consumptlon from the decomposition of soil native 
organic matter was hot affected by the treatment of pesticides in 
3 soils for 4 days (Figure 2). A greater oxygen consumption was 
observe” in the Vorlex and maneb treated soils. Vorlex reduced 
respiration in the ioans in the early stages of incubation, however, 
the r~covery was fast af ter 6 hr incubation. More than 40 D1 
oxygen/g of soil were consumed by soil miorobes in the maneb 
treated loams. Neither the insecticide, dleldrin, itself nor the 
m e t a b o l i t e s  o f  t h i s  i n s e c t i c i d e  cou ld  have d i r e c t l y  c o n t r i b u t e d  
s i g n i f i c a n t l y  to  the  e x t e n t  o f  oxygen eonsumpt ion  which c o u l d  bave 
corne f rom the  t r a c e  amount of  carbon i n t r o d u c e d  i n  the  chen 
f o r m u l a t i o n .  I n  the  loamy sand,  r e s p i r a t i o n  was hot  a f fe@ted  by  
d i e l d r i n ,  c h l o r p y r i f o s  or  s t r e p t o m y c i n  t r e a t m e n t s .  None o f  the  
c h e , t t c a l s  appea red  t o  d r a s t i c a l l y  reduce  oxygen consumpt ion  as  
compared t o  the  e f f e c t  o f  p a s t e u r i z a t i o n .  

The b i o l o g i c a l  a c t i v i t y  i n  s o i l i s  dependent  t o a  l a r g e  e x t e n t  
on the  p h y s i c a l  and chemical  o h a r a c t e r i s t i c s  o f  the s o i l s  under  
s t u d y .  Ai1 r e s u l t s  r e p o r t e d  he re  were o b t a i n e d  u s ing  a g r i c u l t u r a l l y  
i m p o r t a n t  s o i l s  i n  sou thwes te rn  On ta r io  o f  low b u f f e r  c a p a c i t y .  
Al though,  soRe s t i n u l a t o r y  e f f e c t s  o f  p e s t i c i d e s  on m i c r o b i a l  
numbers and a c t i v i t i e s  i n  t h r e e  s o i l s  were o b s e r v e d ,  t h e s e  e f f e c t s  
were h o t  d r a s t i c  or  s u f f i c i e n t  t o b e  c o n s i ”  d e l e t e r i o u s  fo  s o i l  
mi@roorganisms and t h e i r  a c t i v � 8  i m p o r t a n t  t o  s o i l  f e r t i l i t y .  
The present technique utilized for studying the pesticidal effects 
on soil mlcrobial activlties is round to be effective, simple and 
equally satisfactory to the previous methods (TU,1970; TU and 
BOT.~~N, 1968) employed. 

SUMMARY 

A s i m p l i f i e ”  t echnique  f o r  a s s e s s i n g  the  e f f e c t  o f  p e s t i c i d e s  
on non-tarEet soil microorganisms was developed. Changes in 
mlcrobial population determined by the dilution plate method, in 
nitrification by the soil perfusion technique, and in oxygen 
consumptlon using a differentlal resplrometer are the only 
measurements required. A comparison of the effects observed for 
three pesticides, dleldrin, chlorpyrifos and Vorlex, in three soi1 
types with those produced by an antibiotlc, a funglc�8 a 
nitrification inhlbitor and steam pasteurization of the soil clearly 
demonstrate the effectiveness of the simple technique. 
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