
Bull. Environ. Contam. Toxicol. (1987) 39:579-586 
�9 1987 Springer-Verlag New York Inc. 

E n v i r o n m e n t a l  
~ C o n t a m i n a t i o n  
~and Tox ico logy  

Effect of Manuring on the Persistence and Degradation of 
Soil Insecticides 

L. Somasundaram, K. D. Racke, and J, R. Coats 

Department of Entomology, Iowa State University, Ames, Iowa 50011 

The use of soil-applied insecticides is a widely adopted management 
strategy to control insect pests in corn. A recent problem that 
has developed with continued use of an insecticide is the 
phenomenon of enhanced degradation by soil microorganisms (Felsot 
et al. 1981). Enhanced degradation occurs when a soil-applied 
pesticide is more rapidly degraded by soil microorganisms that have 
previously been exposed to the same pesticide or class of 
pesticides. Several factors such as microorganisms present, soil 
texture, moisture, and pH govern the enhanced degradation of soil 
insecticides. One factor of unknown importance is the application 
of manures to agricultural soils. 

Manuring is a commonly adopted agronomic practice in crop 
production. It influences a number of factors, including 
microbial activity, microbial diversity, and physical, chemical, 
and biological characteristics of soil. Because soil 
characteristics such as organic matter content and pH affect the 
rate of pesticide degradation (Anderson 1981; Stevenson 1972), 
manure application may alter the rate and (or) mechanism of 
pesticide degradation. Previous research on the effect of manures 
on pesticide degradation has been mainly from the waste-dlsposal 
point of view, focusing on the fate of persistent pesticides as 
affected by laboratory amendments at extremely high loading rates 
(Doyle et al. 1978, 1981). This study was initiated to determine 
the short-and long-term effects of recommended field loading rates 
of hog manure on the persistence and degradation of seven soil 
insecticides in comparison with nonmanured soil. 

MATERIALS AND METHODS 

Four treatments were considered. The first two used 
field-collected soil with and without manuring history. The second 
two used soll with no manuring history but to which two loading 
rates of fresh dried manure were added in the laboratory. Two 
field-collected Tama silt loam soils, one with 7 continuous years 
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of hog manuring (pH 5.8; organic matter 5.6%) and the second with 
no history of manuring for the 7-year period (pH 7.3; organic 
matter 4.2%), were collected at the beginning of the 1986 growing 
season from the same field near Stanwood, Iowa. The sell with a 
history of manuring received hog manure equivalent to 180 ib of 
nitrogen/acre/year. The soils were sieved to remove debris, and 
stored at 4~ until used. 

For the fresh manure additions, hog manure was collected from the 
Swine Nutrition farm at Iowa State University. The manure was 
oven-dried at 65~ to facilitate uniform mixing with the soil. The 
quantity of manure used in the laboratory amendments was based on 
the nitrogen requirements of the corn crop (N=185 ib/A) and the 
nitrogen content of the dry hog manure (N=3.1%). This gave a 
recommended loading rate of 3 English tons of dry hog manure per 
acre (ix); a rate i0 times higher (10x) was also included. The 
manure was uniformly mixed with the field-collected soil, which had 
no history of manuring and incubated aerobically at 25~ for a 
2-week period. Additionally, soils with a history and no history 
of manuring were also incubated under similar conditions. 

After a 2-week incubation, a 50-g dry-weight pq~tion of each soil 
was separately treated with each of the seven --C insecticides in 
acetone at 5 ppm as described by Lichtenstein and Schultz (1959). 
The following radiolabelle~4insecticides were obtained from the 
respective manufg~turers : C-U ring-carbofuran (FMC Corpora tion, 
Prince ton, N J) ~/~C-2, 6-phenyl-chlorpyrifos (Dew Chemical Company, 
Midland, MI), ~l~-ethyl-l-ethoprop (Rhone-Poulenc Inc., Monmouth 
Junction, NJ), C-Ul~ing-fonofos (Stauffer Chemical Company, 
~untain View, CA), C-methylene-terbufos and 
-~C-me thy~ne-phora te (American Cyanamid Corpora tion, Prince ton, 
NJ), and ~C-U ring-isofenphos (Mobay Chemical Company, Kansas 
City, MO). The radiopurity of each chemical was greater than 98%. 

After insecticidal additions, aliquots of treated soils were taken 
for incubation and also for analysis of initial insecticide 
concentration. Each treatment was replicated four times, and the 
treated soils were placed in 8-oz French square bottles. Soils 
were moistened to field capacity (1/3 bar soil moisture tension) 
with distilled water, and glass vi~s containing 0.1N NaOH were 
placed in each bottle to trap the -~CO 2 evolved. The bottles were 
closed tightly and incubated at 25~ for 3 weeks. The C09 traps 
were replaced daily for the first week and onl~iternate d~ys for 
the subsequent 2 weeks and then analyzed for CO 2 by liquid 
scintilla tion coun tlng. 

At the end of the incubation period, 14C-insecticide residues in 
the sell were extracted twice with acetone-methanol (i:i) and once 
with acetone-methanol-dichloromethane (i: l: l) and partitioned into 
dichloromethane as described by Lichtenstein et al. (1973). 
Thin-layer chromatography and autoradiography techniques, as 
described by Hsin and Coats (1986), were used to characterize 
carbofuran (Koeppe and Lichtenstein, 1984), chlorpyrifos, ethoprop, 
fonofos, phorate, terbufos, isofenphos (Racke and Coats 1987b), and 
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their respective metabolites. 

The influence of manuring on the total microbial numbers was 
determined by using soil dilution plate counts. Nutrient agar was 
used for culturing soil bacteria, and rose bengal agar was used 
for culturing soil fungi. Final plate counts were taken after 1 
week, and each dilution was replicated thrice. 

RESULTS AND DISCUSSION 

Virtually no carbofuran was recovered in the soils with no 
manure-history ~d laboratory amendments (Table i). However, 21% 
of the applied --C-carbofuran persisted in manure-history soil. 
The field in which the soils were collected had had a carbofuran 
failure (rootworm control had been ineffective), and the increased 
persistence in the manure-history soil suggested that manuring 
inhibited the development or expression of enhanced degradation. 
~ all the treatments, a large portion of the applied 
-C-carbofuran was converted to soil-bound residues. Although the 

bound residues are subject to further degradation and release by 
soll microorganisms (Racke and Lichtenstein 1985), their 
insecticidal activity is drastically reduced (Lichtenstein et al. 
1977). Less binding was observed in manure-history soil, and, in 
general, the proportion of soil-bound residues formed was inversely 
related to the insecticide degradation in soil. 

A twofold increase in the persistence of chlorpyrifos was observed 
in soil with manure history as compared with nonmanured soil. The 
hydrolysis product of chlorpyrifos (3,5,6-trichloropyridinol) was 
present at a concentration four times higher in nonmanured soil 
than in soil with a history of manuring. The persistence of the 
parent compound in laboratory amendments was greater than that in 
nonmanured soil but significantly les~. than that in soil with a 
manure history. Relative binding of ~4C-chlorpyrifos was 
relatively less in manure-history soil. 

Fonofos was more persistent in soil with a history of manuring. 
Laboratory amendments resulted in lesser persistence of the parent 
fonofos as compared with nonmanured soil. The increased fonofos 
~gradation in these treatments resulted in a greater production of 
-CO^ and soil-bound residues The short-term effect of manuring 

z 
on fonofos degradation observed in the current investigation was 
similar to the results of Lichtenstein et al. (1982). 

At the end of the 3-week incubation, nearly all the terbufos 
applied was metabolized to its primary and secondary oxidative 
products, terbufos sulfoxlde and terbufos sulfone. Soil with a 
history of manuring had increased levels of sulfoxide and decreased 
levels of sulfone as compared with the other treatments. Addition 
of manure at the rate of 30 tons per acre resulted in increased 
levels of sulfone and decreased lev~s of sulfoxide. In soil with 
manure history, 72% of the applied C-terbufos was recovered as 
sulfoxide and sulfone, and a lower concentration of bound residues 
was recovered. 
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Table i. Effect of manuring on the persistence and degradation of soil 
insecticides during a 3-week incubation. 

. . . . . . . . . . . . . . . . . . . . . .  i ~  . . . . . . . . . . . . . . . . . . . . . . . . . .  i ~  . . . . . . . . . . . . . . . . . . . . .  

C recovered, % of applied C insecticide 
.................................................... 

No manure 3 Tons/A 30 Tons/A 7 years LSD 
......................................................................... 

C a r b o f u r a n  

Carbofuran 0.25 a 0.71~ 0.18 a 21.44~ 0.75 
3-ketocarbofuran phenol 1.09 a 0.15 D 0.91~ 2.950 0.17 
~il-bound 74.07 a 75.20~ 78.94~ 60.76 c 3.67 
--CO 2 13.85 a 12 ii ~ 11.74 ~ Ii.21 c 0.62 

0thers e 1.82 a 1.22 b 1.59~ b 2.65 c 0.45 
Total 91.08 a 89.39 a 93.36 99.01 c 2.06 

C h l o r p y r i f o s  

Chlorpyrifos 34.66 a 36.63~ 47.93 b 70.83~ 5.21 
3,5,6-t Pyridinol 28.95 a 23.06 D 14.15 c 7.07~ 4.04 
~il-bound 17.12 a 17.73~ 17.16 a 7.23~ 0.63 
--C02 12.64 a 11 75 D 7.25 c 10.260 0.47 

Others e 6.06 a 9.23 b i0.98 b 3.31 c 2.60 

Total 99.43 98.40 97.47 98.70 NS 

Fonofos 

Fonofos 46.15 a 37.33 b, 28.74~ 52.76 d 4.56 
Methylphenyl sulfone 4.53 a 5 68~ ~ 7.48 ~ 9.78~ 2.84 
~il-bound 23.88 a 25 430 30.67~ 18 21 d 0.99 
--CO 2 19.44 a 19.86 a 23.270 I0.44 c 0.56 

35 ab 3 00 b 1.30 0thers e 1.58 a 1.57~ 2.51ab . 
Total 95.58 a 89.87 D 92. 94.19 a 3.72 

T e r b u f o s  

Terbufos 0.58 a 0.45~ 0.99 b 0.45~ 0.19 
Terbufos sulfoxide 45.99 a 42.52~ 20.02 c 56 205 2.62 
Terbufos sulfone 18.22 a 21.04~ 32.54 c 14 71~ 1.95 
~il-bound 13.24 a 15.96~ 23.42 e. 9 93~ 0.91 
--C02 12.04 a 13.35 D 12.78 a~ 13 24 b 1.01 

Others e 5.02 a 5.75~ 7.07 c, 4.07~ 0.59 
Total 95.09 a 99.07 b 96.82 a~ 98.60 b 2.45 

Ethoprop 

Ethoprop 25.15 a 20.39 b 15.07 c 62.78d 4.12 

~CO 2 . 27 
il-bound 26 93 a 27.94~ .12ai 16~ b 1.41 

�9 57 aD 47 76 a 51.97 50 20.83 c 3.22 

Total 99.84 a i00.30 a 92.76 b 99.63 a 2.03 
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Table 1 (Continued) 

No manure 3 Tons/A 30 Tons/A 7 years LSD 
......................................................................... 

P h o r a t e  

Phorate 0.07 a 0.14 ab 0.I0 a 0.18~ 0.07 
Phorate sulfoxide 5.43 a 7.05 a 7.94~ 16.02 D 4.49 
Phorate sulfone 45.50 a 43.27 a 33 i0~ 54.71 c 5.27 
~il-bound 18.69 a 18.89~ 28 76~ Ii.64 c 1.17 
--CO 2 19.70 a 20 85 D 21 37 b 14.90 c 0.83 

Others e 8.16 ab 8.88 a, 7.64 b. 2.536 0.91 
�9 06 a~ 91 aD Total 97 55 a 99. 98 99.98 1.62 

Isofemphos 

Isofenphos 70.43 a 73.72b 66.92 c 70.31~ 3.25 
Isofenphos oxen 7.97 a 9.62~ 6.49 c I0 197 1.02 
~il-bound 6.79 a 7.73~ 9.33 c 4 94~ 0.39 
--CO 2 4.46 a 6.20 b 7.53 c 3 96 e 0.12 

Others e 0.39 0.40 0.22 0.24 NS 

Total 90.04 a 97.67 b 90.49 a 89.64 a 3.37 
......................................................................... 

a-d:Means in each row with the same letter are not significantl~4 
different at 5% level; e:includes volatile products other than CO 2 
as well as polar, water soluble products; NS:Not significant; LSD:Least 
significant difference 

Table 2. Influence of manuring on total microbial numbers 
.................................................................... 

Numbers per gram dry weight sell 
......................................... 

Treatment Bacteria ( 1 0  6 ) F u n g i  ( i 0  4 ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No manure 6.6 a 5.0 a 

3 Tons/A I01.0 b 32.0 b 

30 Tons/A 291.0 c 47.0 c 

7 Years i0.0 a 8.3 a 

LSD 15.8 5.4 

a-c:Means in each column with the same letter are not significantly 
different at the 5% level; LSD:Least significant difference 
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Phorate was rapidly oxidized to its metabolites, phorate sulfoxide 
and phorate sulfone. The level of sulfone was greater than that of 
sulfoxlde in all the treatments. As in terbufos~ soll with a 
history of manuring had greater persistence 9~ the metabolites 
resulting ~ in significantly less recovery of --CO 2 and bound 
residues. The relatively shorter persistence of parent terbufos 
and phorate in soil and the role played by their oxidative 
metabolites towards target-pest activity has been previously 
reported (Harris and Chapman 1980). 

Sixty-two percent of the applied 14C-ethoprop was persistent in 
manure-hlstory soil, which was 2.5-to 4.2-fold higher than in the 
other three treatments. Thai increased persistence was also 
indicated by low levels of --CO_ and bound residues Ethoprop 

z 
degradation was rapid in nonmanured and laboratory-amended soils, 
~th about 50% of the applied insecticide being mineralized to 

CO 2. 

The degradation of isofenphos was not greatly influenced by 
manuring. Although enhanced microbial degradation of isofenphos 
because of repeated use has been reported (Chapman et al. 1986; 
Racke and Coats 1987a), isofenphos is highly persistent in the 
first year of application. More than 65% of the applied parent 
insecticide persisted in all the treatments at the end of the 
3-we~ incubation. Significantly lesser amounts of bound residues 
and --CO 2 were recovered in soil with a manure history. 

Application of manure for 7 continuous years in the field did not 
significantly increase the total number of bacteria and fungi as 
compared with nonmanured soils (Table 2). Bacteria have been 
reported to be the most important group of microorganisms in 
enhanced biodegradation of pesticides (Racke and Coats 1987a). 
Manure may serve as a readily available energy source for the 
existing bacterial population, reducing the probability of a 
selective advantage developing for a bacteria that can utilize a 
pesticide as a nutrient source. 

Laboratory manure treatments of soil resulted in 15-and 44-fold 
increases in bacterial numbers at 3 and 30 tons loading rate per 
acre, respectively, as compared with nonmanured soil. The fungal 
population also increased by 6-and 9-fold at the two loading rates 
over that of non-manured soil. This stimulation of microbial 
activity in laboratory-amended soils may be responsible for the 
increased breakdown of fonofos~ terbufos, and phorate in these 
soils. Increased degradation of permethrin (Doyle et al. 1981) and 
carbofuran (Koeppe and Lichtenstein 1984) in dairy manure-amended 
soils has been reported. However, these researchers used extremely 
high loading rates (15-fold higher than the recommended rate) and 
focused mainly on the short-term effects of manuring on pesticide 
degradation. 

Organic matter is a major adsorbent in the soil~ and persistence of 
soll insecticides may be positively correlated with the organic 
matter content. Soll that received manure for 7 years had a higher 
organic matter content of 5.6%~ as compared with 4.2% in nonmanured 
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soil. This increase in organic matter content may be an additional 
reason for the increased persistence in manure-history soils. 

Continued history of manuring lowered the soil pH from 7.3 in 
nonmanured soll to 5.8 in soil with manure history. The pH of 
laboratory-amended soils was not significantly lowered, and it 
remained at 6.9 and 7.2 for the two loading rates used. Soil pH 
may directly or indirectly influence the degradation of 
insecticides by affecting the ionic or molecular character of the 
chemical, the cation exchange capacity, or the ability of the 
microbial population to respond to a given chemical. Getzin (1973) 
reported that carbofuran broke down much faster in alkaline than in 
acid soil and also observed that microbial action was involved. 
The increased rate of carbofuran degradation was inhibited by 
lowering the pH to below 6.0 (Read 1983). Walker et al. (1986) 
found slow degradation of two fungicides (Iprodlone and 
Vinclozolin) in soils with a pH below 5.5. Strong adsorptive bonds 
between the insecticides and soil colloids, coupled with a low 
activity of degrading bacterial populations, may contribute to the 
increased persistence in acidic soils. Isofenphos, a 
phosphoramidate, is more acid-labile than the other insecticides 
studied, yet also persisted in the lower-pH soil. 

In summary, the three possible explanations for greater persistence 
of the organophosphorus and carbamate insecticides in a soll with a 
7-year history of manuring include (I) less selection pressure for 
pesticides inasmuch as nutrients may forestall development of 
adapted species of microbes, (2) higher organic matter may 
contribute to greater binding of the insecticides making them less 
available for microbial degradation, (3) lower pH may reduce rates 
of chemical and biological degradation. It is possible that all 
three factors contributed to the increased persistence. This study 
found no evidence that amending soil with manure encourages the 
development of enhanced microbial degradation of pesticides. 

Acknowledgments. The authors thank Ken Muller, Cedar County 
Extension Director, for help in locating candidate soils, Dr. Tom 
Loynachan, for manuscript suggestions, and the USDA North Central 
Region Pesticide Impact Assessment Program for the financial 
support. Journal Paper no.J12686 of the Iowa Agriculture and Home 
Economics Experiment Station, Ames, IA. Project No. 2306. 

REFERENCES 

Anderson JPE (1981) Soil moisture and the rates of blodegradatlon 
of Diallate and Triallate. Soll Biol Biochem 13:155-161 

Chapman RA, Harris CR, Moy P, Hennlng K (1986) Biodegradation of 
pesticides in soil:Rapld degradation of isofenphos in a clay loam 
after a previous treatment. J Environ Scl Health B21:269-276 

Doyle RC, Kaufman D~A Burt GW (1978) Effect of dairy manure and 
sewage sludge on --C-pestlcide degradation in soil. J Agrlc Food 
Chem 26:987-989 

Doyle RC, Kaufman DD, Burt GW, Douglass L (1981) Degradation of 
585 



cis-Permethrin in soils amended with sewage sludge or dairy 
manure. J Agrlc Food Chem 29:412-414 

Felsot A, Maddox JV, Bruce W (1981) Enhanced microbial degradation 
of carbofuran in soils with histories of Furadan use. Bull 
Environ Contain Toxicol 26:781-788 

Getzin LW (1973) Persistence and degradation of carbofuran in 
soil. Environ Entomol 2:461-467 

Harris CR, Chapman RA (1980) Insecticidal activity and persistence 
of phorate, phorate sulfoxide, and phorate sulfone in soils. 
Can Entomol 112:641-653 

Hsin C, Coats JR (1986) Metabolism of isofenphos in southern corn 
rootworm. Pestic Biochem Physlol 25:336-345 

Koeppe MA, Lichte~tein EP (1984) Effects of organic fertilizers 
on the fate of --C-carbofuran in an agro-microcosm under soil 
run-off conditions. J Econ Entomol 77:1116-1122 

Lichtenstein EP, Schulz KR (1959) Breakdown of lindane and aldrin 
in soils. J Econ Entomol 52:118-124 

Lichtenstein EP, Fuhremann TW, Schulz KR, Liang TT (1973) Effects 
of field application methods on the persistence and metabolism of 
phorate in soils and its translocatlon into crop. J Econ Entomol 
66:863-866 

Lichtenstein EP, Katan J, Anderegg B~4(1977) Binding of 
"persistent" and "Non persistent" C-labeled insecticides in an 
agricultural soil. J Agric Food Chem 25:43-46 

Lichtensteln EP, Liang TT, Koeppe MK (1982) Effects of 
fertilizers, captafol and atrazine on the fate and translocation 
of [~C] parathion in a soil-plant microcosm. J Agric Food Chem 
30:871-878 

Racke KD, Lichtenstein ~ (1985) Effect of soil microorganisms on 
the release of bound C residues from soils previously treated 
with [~C] parathion. J Agric Food Chem 33:938-943 

Racke KD, Coats JR (1987a) Enhanced degradation of isofenphos by 
soll microorganisms. J Agric Food Chem 35:94-99 

Racke KD, Coats JR (1987b) Comparative degradation of 
organophosphorus insecticides in soil: Specificity of enhanced 
microbial degradation. J Agric Food Chem (in press) 

Read DC (1983) Enhanced microbial degradation of carbofuran and 
fensulfothion after repeated applications to acid mineral soil. 
Agrlc Ecosyst Environ 10:37-46 

Stevenson FJ (1972) Organic matter reactions involving herbicides 
in soil. J Environ Qual 4:333-343 

Walker A, Brown PA, Entwistle AR (1986) Enhanced degradation of 
Iprodlone and Vinclozolln in soil. Pestic Sei 17:183-189 

Received May 16, 1987; accepted July 27, 1987 

586 


