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Bactericidal effects of certain herbicides applied to arable soils may possibly be as 
important as their herbicidal effects. This study was undertaken to determine the ef- 
fects of a-chloro-N,N-diethylacetamide, 2-chloroallyl diethyldithiocarbamate, isopropyl-N- 
(3-chlorophenyl) carbamate, and an amine salt of 2,4-D on microbial activity in an 
incubated soil. Normal field rates of these herbicides had little effect on nitrification 
and carbon dioxide evolution. Higher rates inhibited nitrification but increased carbon 
dioxide evolution from the soil. Herbicidal selectivity among the organisms was indicated. 

OIL MICROORG.ASISh.IS are influenced S by pre-emergence herbicides. The  
nature and extent of this influence vary 
according to the type of microorganism 
(2, 6, 70: 7.i-77), kind of herbicide (2, 4, 
77 ,  73)> and concentration of herbicide 
(2 ,  7, 8, 72. 73, 77). Many previous 
studies have dealt Lcith 2$4-D and its 
derivatives. horvever: the introduction of 
new herbicides warrants further investi- 
gation. 

In  this paper some effects of a- 
chloro-AY:.Y-diethylacetamide (CDEA), 
2 - chloroallyl diethyldithiocarbamate 
(CDEC), isopropyl-.V-(3-~hlorophenyl) 
carbamate (CIPC), and the triethanol- 
amine derivative of 2,4-D on nitrate 
accumulation and carbon dioxide evolu- 
tion in Brookston silty clay loam are re- 
ported. a-Chloro-.\,.\--diethylacetamide 
and 2-chloroallyl diethyldithiocar bamate, 
recently developed by Monsanto Chem- 
ical Co.. have showm a high degree of pre- 
emergence activity (3: .i, 9 ) .  

Present address. University of Cali- 
fornia Citrus Experiment Station, River- 
sidr, Calif. 

Materials and Methods 

Two separate experiments were con- 
ducted: one to study the effects of the 
four previously mentioned herbicides 
on nitrate accumulation in incubated 
soil, and the other to study the effects 
of the same herbicides on general micro- 
bial activity as measured by carbon 
dioxide evolution. For the nitrification 
experiment, three replications of each 
treatment Jvere prepared for each of nine 
sampling periods. Fifty-gram samples 
of air-dried Brookston silty clay loam 
(Table I) \cere placed in 2-ounce. \vide- 

Table 1. Properties of Brookston 
Silty Clay loam 

pH (1 to 1 soil-water ratio) 6 . 1  
'Cl'ater-holding capacity at  ' 1 3  

atm., yc 38.3 
Organic matter content, t!i 11 .8  
Exchange capacity, meq./lOO g. 39 3 
Nitrate nitrogen content: p.p.m. 16 .O 

mouthed poivder jars. Herbicides lvere 
applied a t  rates of 6, 24, and 96 pounds 
per acre except for 2,4-D, Tchich \vas 
applied at  2, 8: and 32 pounds per acre. 
These rates were figured on the basis of 
surface area of soil, the smallest rate of 
each herbicide being comparable to 
recommended field application. 

T h e  herbicides \yere applied to the 
surface of the soil in sufficient volume of 
\vater to bring the soil to 38Yc moisture 
by \\eight. The  aqueous solution of 
herbicide also contained ammonium sul- 
fate in sufficient concentration to add 60 
p.p.m. of ammonium nitrogen to the soil. 
The jars Lvere stoppered loosely with 
cotton plugs and incubated a t  30' C. 
During incubation the soils were period- 
ically adjusted to 38y0 moisture. 

Sitrates were extracted a t  each testing 
period by shaking a sample of each treat- 
ment \vith 100 ml. of distilled water. 
Five-milliliter aliquots of the filtrate were 
dried in evaporating dishes and nitrate 
nitrog.en in the residue was determined 
by the phenoldisulfonic acid method as 
described by Prince (I$). 

214 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  



A 

Figure 1. Effect of certain herbicides 
on accumulation of nitrates in Brookston 
silty clay loam 

A 2,4-D 
0 Check 
0 2 Ib./socre 
X 8 Ib./ocre 
Q 32 Ib./acre 

B Isopropyl~N-(3-chloro- 
phenyl) carbamate 

C 2-Chlorocllyl diethyldi- 
thiocarbainate 

D N,N-diethylacetamide 
0 Check 
0 6 Ib./acre 
X 24 Ib./acre 
0 96 Ib./acre 

LSDIfor 64-day dala ( P  = 0.05) = 25 p.p.m. 

In  the carbon dioxide evolution experi- 
ment, 100-gram samples of Brookston 
silty clay loam \cere placed in 250-ml. 
Erlenmeyer flasks. The soil \vas treated 
\\it11 the same herbicides? rates, and 
manner of application as in the nitrifica- 
tion experiment. Three replications of 
each treatment \cere prepared. Im- 
mediately after treatment, the flasks \vere 
attached to an  aspiration apparatus and 
incubated a t  28" C. Carbon dioxide 
evolved from the soil was collected in 

I6 32 40 64 
l r c u b o t i o n  T ' m e ,  Gcys 

B 

L I I I 

15 32 48 64 
l n c u b o t i o n  Time, Days 

C 

I , 
15 32 453 64 

l n c u b o t i o n  T ime,  Days 

Incuba t ion  Time, Days 
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sodium hydroxide and determined volu- 
metrically. 

Results and Discussion 

T h e  results of the nitrification experi- 
ment are presented in Figure 1 .  Al- 
though nitrate accumulation in the 2- 
pounds-per-acre treatment of 2.4-D 
generally paralleled that of the check, 
the 8- and 32-pounds-per-acre rates 
showed a marked inhibition of nitrate 
accumulation-especially during the first 
half of the incubation period (Figure 1).  
These results \vith 2,4-D are generally in 
agreement \vith those of other investi- 
gators (7, 8, 73). Figure 1(B: C: D) 
shoivs that, \vhen applied a t  the same 
effective herbicidal equivalent, 2-chloro- 
allyl diethyldithiocarbamate has about 
the same degree of effect as 2:4-D, 
isopropyl-.\-(3-chlorophenyl) carbamate 
somewhat more inhibitive, and a-chloro- 
.\,.\-diethylacetamide much more in- 
hibitive to nitrate accumulation than is 

The  96-pounds-per-acre treatment of 
a-chloro-.\7,.\~-diethylacetamide essenti- 
ally prohibited nitrate accumulation 
until near the end of the incubation 
period. Even the normal field rate of 6 
pounds of a-chloro-.V,AV-diethylacetamide 
per acre suppressed nitrate accumulation 
a t  all sampling periods during the incuba- 
tion. However, the magnitude of the 
effects are probably not great enough to 
prohibit the use of this compound as a 
selective herbicide. 

Si t ra te  accumulation appeared to be 
affected less by herbicidal treatments 
during the last half of the incubation. 
The  rate of increase of nitrates in the 
treated soils \vas much greater than in the 
check soil between 32 and 48 days but 
less between 48 and 64 days. The  
over-all rate of increase of nitrates in the 
treated soils during the last 32 days was 
about the same as in the check. T h e  
herbicides were probably losing some of 
their effectiveness against nitrate accu- 
mulation after about 30 days. 

2,4-D, isopropyl-S-(3-chlorophenyl) 
carbamate, a-chloro-,V,,V-diethylacet- 
amide, and 2-chloroallyl diethyldithio- 
carbamate all had a “stimulative” effect 
on carbon dioxide evolution. As com- 
pared to the untreated soil (Table 11), all 
treatments produced significant increases 
in carbon dioxide evolution except the 
2 and 8 pounds of 2,4-D and the 6 pounds 
of 2-chloroallyl diethyldithiocarbamate 
per acre. I~opropyl-~V-( 3-chlorophenyl) 
carbamate and a-chloro-.\,~~-diethyl- 
acetamide brought about significant in- 
creases in carbon dioxide evolution a t  all 
rates. T h e  96-pounds-per-acre rate of 
a-chloro-.V,.V-diethylacetamide appeared 
to be reaching bactericidal quantity. 
This same treatment also caused the 
greatest reduction in the accumulation 
of nitrate. 

The  inverse relationship betrveen 

2,4-D. 
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Table 11. Effect of 2,4-D, Isopropyl- 
N-(3-chlorophenyl) Carbamate, 2- 
Chloroallyl Diethyldithiocarbamate, 
and a-Chloro-N,N-diethylacetamide 
on Total Carbon Dioxide Evolution 

from Brookston Silty Clay loam 

Treztrnent,  
l b . / A c r e  

Chrck 

2 
8 

32 

6 
24 
96 

6 
24 
96 

6 
24 
96 

Mg. C lost/lOO G. o f  A i r - D r y  
Soil in 3 3  Days 

M e a n  o f  
three D e v i a t i m  

replicates f r o m  check 

-. ~- -~ 

9: 0 

2.4-D 

94 9 - 2  1 
104 6 + 7  6 
108 3 +11 3,7 

CIPC 

108 1 c11 1fl 
121 0 +24 0. 
125 0 f 2 8  0,~ 

CDCC 

99 2 + 2 2  
105 8 + 8 8a 
113 4 +I6 4 a  

CDEA 

1 1 2 . 5  +15.51& 
1 2 0 . 0  f 2 3  0. 
106 7 + 9.711 

I S D  for treatment inems (I’  = 0.05)  = 
8 8. 

‘1 Significant difference 

nitrate accumulation and carbon dioxide 
evolution in this study is of some signif- 
icance. Although a decrease in either 
the number or activity of nitrifying organ- 
isms \vas indicated, this \.vas probably not 
the sole cause of variation in nitrate con- 
tent in the various treatments. Any 
“stimulative” effects that  these com- 
pounds might have on soil microorgan- 
isms, such as increased production of 
microbial tissue, would bring about im- 
mobilization of nitrogen as indicated by a 
reduction in nitrate accumularion. T h e  
small, but significant, increase in carbon 
dioxide evolution could probably not 
account for the decrease in nitrate ac- 
cumulation, ho\vever. 

Several investigators have noted in- 
creased activity of certain microorgan- 
isms in the presence of 2,4-D: and some 
have suggested its utilization by various 
organisms as a source of carbon ( 7 ,  72). 
L-ndoubtedly, only specialized groups of 
organisms would be capable of attacking 
a given herbicide. These herbicides 
must serve important functions other than 
merely being a source of food, however, 
as the increased amount of carbon 
evolved as carbon dioxide \vas consider- 
ably greater than the amount of carbon 
added in the four herbicidal compounds 
tested. 

F O O D  C H E M I S T R Y  

.An additional “stimulative” effect may 
result from herbicidal selectivity. Lt’hen 
added to the soil, herbicides probably 
cause bacteriostatic action on some 
organisms, allo\ving more tolerant organ- 
isms to multiply more rapidly. This in- 
creased activity in an  otherivise resting 
population Ivould cause a temporary net 
increase in carbon dioxide evolution as 
organisms in an  active state of reproduc- 
tion and gro\vth have much increased 
respiration rates. 

.4pplication of the foregoing theory 
to the results of this investigation leads to 
the conclusion that 2,4-D, isopropyl-.V- 
(3-chlorophenyl) carbamate, a-chloro- 
.\,.\-diethylacetamide> and 2-chloroallyl 
diethyldithiocarbamate exhibit a bacter- 
iostatic effect on some organisms: in- 
cluding nitrifying organisms: but allow 
others to multiply undisturbed. Ex- 
tremely high rates may be bacteriostatic 
to all organisms. In  vitro studies (77) 
have demonstrated the se1ectivir)- of 2,4-D 
to microorganisms. 
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