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SUMMARY 

A study of the rate of disappearance of heptachlor and dieldrin from soils; 
when applied in abnormal amounts, and the effect of these compounds on crop 
plants grown in these soils was conducted from 1957 to 1965. The greatest loss 
(50 % or more) occurred during the first two years. Heptachlor had disappeared 
or occurred only as heptachlor epoxide by the end of the seventh year. The maxi
mum amount of heptachlor epoxide appeared during the fifth year following ap
plication and then declined slowly. The rate of disappearance was quite variable 
bur, in general, heptachlor, heprachlor epoxide, and dieldrin declined more slowly 
in soils where high concentrations were applied initially. Dieldrin disappeared at 
a slower rate than heptachlor-heptachlor epoxide with the result rhat 11.23 per
cent of the original application was still present as dieldrin at the end of the 
eighth year after application. 

Corn was the only crop plant grown on the treated soils that was adversely 
affected by the insecticides. Plants were affected and yields reduced the first rwo 
years after application of these abnormal amounts of insecticides. Thereafter plant 
growth and yields of corn were normal. Wheat, corn, soybeans, and red clover 
plants were shown ro contain various amounts of heptachlor epoxide and dieldrin 
from translocation. The highest amount of heprachlor epoxide was found in whole 
dry wheat plants at harvest while the largest amount of dieldrin was found in 
green wheat samples taken in the fall. Both compounds were present in wheat 
plants in sufficient quantities to prevent infestation of the plants by the Hessian 
fly. Corn translocared heptachlor epoxide and dieldrin in small amounts. These 
amounts were small considering the gross amounts present in the soil. Soybeans 
translocated both heptachlor epoxide and dieldrin, which were found in the seed. 
Red clover plants translocated both heptachlor epoxide and dieldrin. Pigweed 
seed and lespedeza seed from plants growing on the treated soils contained no 
insecticides. It should be kept in mind that all of the plants mentioned above 
were grown on soils originally treated in 1957 with abnormal amounts of in
secticides, i.e., up to 100 pounds per acre. 

The data from these experiments regarding the rate of disappearance indicate 
that there is no danger of accumulating extremely high concentrations of hepta
chlor-heptachlor epoxide or dieldrin in Missouri crop soils from normal applica
tions of heptachlor or dieldrin. If such did occur there would be little or no 
damage to crop plants grown on the soil and only slight contamination of some 
edible plant parts. 
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Persistence and Degradation of 
Dieldrin and Heptachlor 

in Soil and Effects 
on Plants 
INTRODUCTION 

This is a report of a nine-year study of the persistence or degradation and dis
appearance of nvo widely used soil insecticides in a typical Missouri soil. The ef
fects of these insecticides (or the product of their alteration in the soil) on crop 
plants are also reported. 

In 1957 when these studies were initiated little was known regarding the 
possible accumulation of these cyclodiene compounds in soil. Less was known 
about the effect of the compounds on plant life, especially the plants commonly 
grown for agricultural production, if they should accumulate in the soils in large 
quantities. Aldrin; heptachlor, and, to some degree, dieldrin were coming into ex
tensive use in agriculture. 

The problems confronting agriculturists and entomologists at that time were: 
(l) Will the continued use of 1 to 2 pounds of the cyclodiene compounds re
sult in accumulations of these compounds or of their metabolites? (2)At what 
level in the soil will these compounds affect germination, growth, maturity and 
yield of pasture grasses, corn, wheat, soybeans, and grain sorghum in Missouri? 
(3) How long will these compounds persist in the soil after application is halted? 
( 4) Will the original compounds or toxic products from them be translocated 
by the plants to their edible parts? (5) How far from the original site of appli
cation do these pesticides move through or on the soil particles? It was not the 
aim of the investigators to answer all of these questions but, rather, to design an 
experiment that would answer, primarily: (1) What would the effect on plant life 
be if certain soils accumulated large quantities of the cyclodiene insecticides, hep
tachlor and dieldrin? (2) If these large quantities did accumulate and proved detri
mental to plant life (i.e. agricultural crops), how long would this detrimental ef
fect last and when could the soils be expected to be free of the pesticides and 
their residues? 

Although these were the questions of primary concern to the investigators, 
it was obvious that a properly designed and conducted experiment might supply 
answers to some of the other questions. 
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REVIEW OF THE LITERATURE 

Early, use of BHC and later, use of lindane for the treatment of seed to pre
vent insect injury frequently resulted in injury to plants (Fulton, 1946; Kostov, 
1948; Fleming and Maines, 1953; Starks and Lilly, 1955 and 1957, and Gojmerac, 
1956) . Grayson (1947) found that BHC (30% gamma isomer) applied to sandy 
loam soil low in organic matter completely killed corn after germination. Chlori
nated hydrocarbon insecticides other than the isomers of BHC were occasionally 
reported to have caused injury to plants. Fleming and Maines (1953) reported 
retardation of corn grown in soil treated with heptachlor at the rate of 6 pounds 
per acre. Starks and Lilly ( 195 5) in treating soybean seed for corn root maggot 
control found that aldrin, heptachlor, dieldrin , and lindane caused slight injury 
when applied to the seed at the rate of 2 ounces per bushel of seed. Ball (1956) 
found some apparent stimulation of corn root growth by heptachlor when com 
was grown in soil cultures. Aldrin, BHC, and heptachlor did not cause reduction 
in corn seed germination in these experiments. BHC caused the usual shortened, 
thick primary roots and reduction of root hairs. 

As soon as insecticides and fungicides became widely used in plant protec
tion, entomologists, soil scientists, and horticulturists became aware of the poten
tial dangers associated with the accumulation of residues in soils. The first well
documented case history study of insecticide accumulation and subsequent plant 
damage was by Headden (1908). His study of the cause of death of apple trees 
revealed arsenic accumulations of from 25.5 to 61.3 ppm in orchard soils. Later 
workers Snyder (1935), Strong (1935-36), Vandecaveye et al. (1936), Crofts and 
Rosenfels (1939), Scott and Karr (1942), and Lindner (1943) studied the accumu
lation of arsenic, lead or copper residues in soils, and the effect on plant life 
grown in such soils. Ginsberg and Reed (1954) conducted a comprehensive sur
vey of the accumulation of DDT in soils as related to different crops. Ackley 
et al. (1950) had previously reported 29 to 81 ppm of DDT in apple orchard 
soils. Ginsberg and Reed (1954) found that substantial amounts of DDT, 7, 11 
and 54 pounds per acre, had accumulated in potato, cranberry, and apple soils, 
respectively. Lichtenstein (1957) reported on DDT accumulation in midwestem 
orchard and crop soils. At this time little was known or had been reported on 
the accumulation of the cyclodiene insecticides in soils. 

The translocation of insecticidal comp(mnds by plants from soils was first 
noted in the case of arsenic by Headden in 1908. Hurd-Kaner and Poos (1936) 
found selenium to be translocated from soils to bean leaves in sufficient quantities 
to kill aphids. Questa! and Connin (1947) found corn leaves from plants grown in 
soil containing 200 ppm of parathion were insecticidal to Pyrausta larvae two 
weeks after application. Grainger and Leiby (1949) reported translocation of para
thion from soil by potatoes, nasturtiums, and squash. These reports, having been 
based on toxicity to insects rather than on chemical assay of the plant material, 
were questioned by many workers who attributed the insect mortality to the 
volatile action of the parathion residues remaining in the soil. 
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Benzene hexachloride from treated soils was found to be translocated from 
soil to the aerial portions of plants by Starnes (1950) . Subsequently, Casida and 
Allen (1952), Terriere and Ingalsbe (1953), Ehrenhardt (1954), and Gladenko 
and Fortushynyi (1954) secured evidence of BHC translocation by plants. Dewey 
(1955 )and Glasser et al. (1958) first obtained evidence that other chlorinated 
hydrocarbon compounds or their by-products could be translocated from 
soil to plants when they discovered by bioassay that nonaldrin compounds were 
present in carrots grown on aldrin-treated soil. Lichtenstein and Schultz ( 1959) 
showed that lindane, aldrin, and DDT were present in carrots and various other 
root crops grown on treated soils. Further experimentation by Lichtenstein (1960) 
showed that epoxides of aldrin and heptachlor were present in the aerial parts of 
pea plants grown in treated soil. Lichtenstein used both bioassay and specific 
chemical analytical methods for measurement of the compounds in plants or 
plant parts. Eden and Arthur (1965) reported no translocation of DDT, hepta
chlor, or heptachlor-epoxide to soybeans, even though analysis by gas-liquid 
chromatography showed heptachlor to be preserit. Bruce et al. (1966) related the 
presence and magnitude of dieldrin and heptachlor epoxide in various seeds from 
plants grown on insecticide-treated soils to the fat content of such seed. 

MATERIALS AND METHODS 

An area of level land on the Entomology Research Farm directly south of 
Columbia was laid out for treatment early in June, 1957. Two identical plots, A 
and B, were surveyed and marked. Each of these master plots was designed so 
that four replications of each of four treatments and four control replications 
could be assigned randomly (Fig. 1 ). Twenty-inch sod strips separated the rep
lications to avoid direct transfer of insecticide or soil particles by run-off. The 
treated soil areas were 80 inches by 50 feet to allow space for two crop rows 
spaced at 40 inches with room for normal cultivation practice. The insecticides 
dieldrin and heptachlor were applied in granular form with a Scott's lawn seed 
and fertilizer applicator. This machine had been calibrated prior to use by travers
ing 50-foot strips of 42-inch Kraft wrapping paper laid over level areas. Applica
tions of dieldrin and heptachlor were made at the rate of 10 pounds of actual 
toxicant per acre and 100 pounds of toxicant per acre. The soil in all replications 
treated received 12-12-12 fertilizer at the rate of 300 pounds per acre. After ap
plication of the insecticide and fertilizer the soil was rototilled to a depth of six 
inches and seed beds were prepared on June 6, 1957. Corn, variety U. S. 13, was 
planted June 6 and soybeans were planted June 21, 1957. 

In 1957 and all subsequent years in which various crops were planted, the 
same general procedures were followed in checking plant response. Germination 
rate was established by stand counts and early seedling growth was determined by 
inspection and recording of abnormalities such as chlorosis, stunting, root con-
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dition of stunted plants, general relative vigor, and any other apparent abnormal
ity. In cases where plant growth appeared abnormal the ultimate effects on the 
plant and yields produced were determined by periodic measurement of the plants 
and by determination of crop yields at harvest. 

The fate of the insecticides in the soil was determined by annual soil samples 
taken on or about June 1. The samples were taken with a "standard" soil sam
pling auger fitted with a sleeve so as to secure a full-sized soil sample % " x 6." 
Fourteen cores were taken from each replication and placed as a composite sam
ple in plastic bags sealed in an eight-inch cottage cheese tub for freezing and 
storage until analysis could be done. Uncontaminated soil for checks and forti
fication samples was secured from adjoining fields or fence rows between fields 
and stored in the same manner. 

Analytical estimates of insecticide residues in these soil samples were made 
by bioassay with Drosophila according to the direct exposure method of Edwards 
et al. (1957) or by various chemical analytical methods. From 1957 until 1961 
chemical analysis was done by colorimetric methods. Dieldrin analyses were made 
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according to the method of O'Donnell et al. ( 195 5) , while heptachlor and hepta
chlor epoxide (after 1961) were determined by the Polen-Silverman (1952) meth
od with the modifications of Ordas et al. ( 1956) . Estimates by bioassay were dis
continued in 1961 since appreciable amounts of heptachlor epoxide were present 
in the heptachlor-treated soil by that time and chemical methods were necessary 
for determination of both heptachlor and heptachlor epoxide. All soil and crop 
samples were analyzed by gas-liquid-chromatography techniques after 1962. The 
1963 samples were analyzed by the Experiment Station chemical laboratory using 
a Barber-Coleman Model 20 instrument equipped with a Strontium-90 source 
electron capture detector. The column employed was 4 x 3.5 mm. I.D. glass 
packed with 5 percent Dow 11 on 60-80 mesh Chromasorb W. The nitrogen flow 
rate was 112 ml. per foot , column temperature 170° C., injection port 220° C. 

and detector cell 210° C. In 1964 and 1965 the soil and crop samples were ana
lyzed in the entomology laboratory using a Wilkens Instrument Co. Aerograph 
Hi-Fi Model 600-c with Tritium-source electron capture detector. This instrument 
was equipped with a 5' x ~"glass column packed with 5 percent D ow 11 on 
60-80 mesh Chromosorb W. Detector cell and oven temperatures were held at 
180° C. with the injection port at 235° C. Nitrogen flow was 50 ml. per minute. 
In soil analyses the general procedures outlined by Lichtenstein and Polivka 
(1959) were followed in extraction and preparation of the extract for analysis. 

When wheat was planted on the treated soils and infestations of Hessian fly , 
Mayetiola destructor (Say), were present, it was evident that plants grown in the 
treated soils were less heavily infested than the wheat plants grown in untre-ated 
soil. This suggested that the plants were translocating the compounds from the 
soil to the aerial parts in quantities sufficient to kill the young fly larvae. Lichten
stein (1960) had shown the aerial parts of lettuce and alfalfa contained measur
able amounts of dieldrin or heptachlor epoxide when the plants were grown on 
soils treated with abnormal rates of aldrin and heptachlor. 

Because of these indications of plant translocation of the two insecticides in 
the plots, it seemed desirable to sample the agricultural crops grown in the rota
tion and analyze them for insecticide residues. In taking the samples a composite 
sample of leaves, stems, or both was made up by collecting plants from each rep
lication of the treatment level or control. Portions of the plants near the ground 
were avoided in order to exclude parts of the plant that could have become con
taminated by soil particles splashed on the plant by heavy rains. Contamination 
in the field was scrupulously avoided by placing the hand-harvested sample in a 
sealed plastic bag for transportation to the laboratory. Once in the laboratory, 
fresh, green samples that might have been contaminated externally by dust blown 
from treated soils were washed thoroughly in tap water before they were frozen 
for storage. Green crops such as fresh frozen green wheat plants were finely 

chopped and a 50-gram sample was extracted with 2:1 hexane-isopropanol by tum
bling for one hour in an extraction jar. The extract was filtered and the alcohol re-
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moved by repeated washing with distilled water in a separatory funnel. The re
sulting extract was cleared of chlorophyll by swirling with one gram of Nuchar
Attaclay. An aliquot of the clear filtrate was injected directly into the chromato
graph. 

In the case of dried plant tissue with low fat content, no particular cleanup 
procedure was needed and the extract could be injected after filtration. In the case 
of corn and soybeans, both of which have a relative! y high content of fat ( 4-17%), 
the method of Langlois, Stemp and Liska (1964) designed for cleanup of animal 
food products with high fat content was adopted. Essentially, the high-fat seeds 
were finely ground in a mill. Two grams were then ground with 25 grams of 
activated florisil to form a free-flowing powder. A chromatographic column con
taining 25 grams of florisil was prewashed with 50 ml. of equal parts of methy
lene chloride and petroleum ether. The sample ground with florisil was then ad
ded to the column and eluted with a mixture of 20 percent methylene chloride in 
petroleum ether. The amount of eluent required to elute the insecticides was 300 
ml. in the case of heptachlor and heptachlor epoxide and 600 ml. in the case of 
dieldrin. The eluant was evaporated to dryness in a beaker held in a 60° water 
bath. The residues were transferred to a calibrated tube and made up to a 10 ml. 
standard volume in hexane. An aliquot was injected into the gas chromatographic 
column from this. 

RES UL TS AND DISCUSSION 

Persistence of Applied Insecticides 
Heptachlor: When applied at the rate of 10 pounds per acre heptachlor dis

appeared from the soil or was converted to the epoxide rapidly. Inaccuracies in 
the colorimetric quantitative method of analysis during the early period and vari
ables due to sampling techniques contributed to inconsistent results but, in gen
eral, it can be seen from Figures 1 and 2 that by the end of the third year follow
ing application of 10 pounds of heptachlor per acre, approximately 70 percent 
of the original application was not present either as heptachlor or the epoxide. 
The maximum amount of heptachlor epoxide was present at the end of the fifth 
year; it declined thereafter. At this point 69 percent of the insecticide present in 
the top six inches of soil was heptachlor epoxide. By the end of the sixth year no 
heptachlor was detectable in the soil. When the project was terminated in 1965 
the soil that had not been cultivated during the last three years contained 0.39 
ppm of heptachlor epoxide. This represented approximately 7 percent of the orig
inal application remaining after eight years. Soil that had been cropped and cul
tivated every year contained only 0.04 ppm of heptachlor epoxide or less than 1 
percent of the original application of heptachlor. At the rate of disappearance in
dicated in Figures 2 to 5, one could assume or predict that the remaining hepta
chlor epoxide would disappear during the next year and a half or 2 years. 
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Fig. 2-Decline of 10 Pounds per Acre Application 
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Fig. 4-Decline of l 0 Pounds per Acre Application 
Made in 1957. Plot B (Cropped and Cultivated 
Eight Seasons). 
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The heavier application of heptachlor, 100 pounds per acre, disappeared at 
about the same rate. Approximately 75 percent of the original amount was gone 
by the end of the third year after application. Chemical analyses in this case dealt 
with relatively larger amounts of insecticide and the data are more reliable from 
year to year. Residues of heptachlor plus heprachlor epoxide at the end of the sev
enth year represented less than 10 percent of the original amount of heptachlor ap
plied. Ar the end of the eighth year no heprachlor was present in one plot and 
only 0.07 ppm was present in the other. The heprachlor epoxide remaining rep
resented only 4 or 5 percent of the heprachlor applied in 1957. Considering the 
rare of loss of heptachlor epoxide during the last year of the project one could 
predict that the heptachlor epoxide would disappear from these soils within 3 to 
5 years, depending on the several factors of temperature and rainfall that seem 
to be most important in the loss of cyclodiene insecticides from soils. Cultiva
tion apparently had little effect on the rate of disappearance of heprachlor or hep' 
tachlor epoxide from the soils. 

In 1963 the analyses were done by gas-liquid chromatography and for the 
first rime it was possible to detect compounds other than those originally applied 
or heptachlor epoxide. The chromatograms in 1963 showed four peaks follow
ing the peak for heptachlor epoxide. The largest of these peaks is attributable 
to gamma chlordane which is the principal related compound (impurity) 
found in technical heptachlor. The other small peaks represented traces 
of two unknown compounds and dieldrin. The dieldrin, presumably, was 
present as contamination from adjacent replications of the dieldrin treatments. 
This assumption was substantiated by the presence of trace amounts of dieldrin 
in the untreated replications in 1963, 1964, and 1965. The most significant aspect 
of the presence of gamma chlordane in the heptachlor-treated soils is that the 
gamma chlordane was approximately 85 percent as persistent (from June 1, 1964 
to May 31 , 1965) as heprachlor epoxide. Bowman et al. (1965) subsequently re
ported LC90 ' 5 for heptachlor and gamma chlordane to fourth insrar A. quadrima
culatus larvae to be 0.53 and 0.56 ppm, respectively. The compounds were con
sidered to be equally toxic. With high persistence and equal roxicin· rhe gam
ma chlordane must be considered in estimating the rota] contamination or resi
dues left in soils after treatment with products formulated from technical grade 
heptachlor. No reference grade gamma chlordane was available for determining 
the actual amounts of that compound present in the heptachlor-treated soils. 
However, mole percentages of all compounds present calculated in 1963 (six years 
after application of 10 pounds of heptachlor per acre) were 7.21 percent hepta
chlor, 39.86 heprachlor epoxide, and 35.96 percent gamma chlordane. 

Dieldrin: The exact rate of decline of dieldrin from the soils during the first 
three years was impossible to determine, due to inaccuracies in the assays. How
ever, when good data were obtained in 1960 they showed that soils treated with 
10 pounds of dieldrin per acre in 1957 still contained 49 to 53 percent of the ori-
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ginal dieldrin applied. At. the end of the eighth year (1965) 11.l percent of the 
original application of dieldrin was present in the soil that had been cropped and 
cultivated every year while 19.1 percent of that remained in the soil that had re
ceived no cultivation since 1960. 

Where the higher quantities of dieldrin were applied (100 pounds per acre) 
the disappearance of the compound from the soil took place more slowly. At 
the end of the third year (1960) 63 percent of the originai dieldrin was found in 
the soil. When the experiment was concluded in 1965 the cultivated soil still 
contained 21.9 percent of the original dieldrin and the soil uncultivated during 
the last five seasons contained 23.1 percent of the original application. The effect of 
concentration on the rate of loss of dieldrin from the Robertsville Sandy Loam is 
indicated by recovery of 1.49 more dieldrin from the 100-pound per acre treat
ments than from the 10-pound per acre treatments. This is in general agreement 
with the report of Lichtenstein (1959) that when the concentration of insecticides 
in the soil is lower they tend to disappear faster. No explanation of this was ap
parent from these experiments. 

Plant Response to Treated Soils 

Corn: The commercial crop in Missouri that is most exposed to the effects 
of soil insecticides is corn. Because of this corn (U.S. 13 variety) was grown on 
the treated soils seven of the nine crop seasons involved during the experiment. 
Corn planted the same day the insecticides were applied was severely injured. 
Both germinating seed and seedling plants were affected by 100 pounds of hep
tachlor per acre and by 100 pounds of dieldrin per acre. Plants did not recover 
from this injury by the time corn tasseled 55 days later (see Fig. 6). Reduction of 
yield was due chiefly to the reduction of number of plants rather than to injury 
to the plants that survived. This is illustrated by the data in Tables 1 and 2 

TABLE 1--CORN Y1ELDSa ON DIELDRIN AND HEPTACHLOR TREATED SOILS; 
ROLUNS FARM; COLUMBIA; 1957 

Yield 
bu./A. 

Check 
No Treatment 

59.6 

aBased on Total Yields per Treatment 
LSD 1% = 12, 2 bu./A. ** 

5% = 8. 9 bu. I A.* 

Dieldrin lb. /A. 
10 100 

55.9 45. 3** 

Heptacblor lb./A. 
10 100 

50.7* 47 . 1** 

TABLE 2--CORN Y1ELDSa ON DIELDRIN AND HEPTACHLOR TREATED SOILS; 
ROLLlNS FARM; COLUMBIA; 1957 

Yield 
bu./A, 

Check 
No Treatment 

42.9 

Dieldrin lb./ A. 
10 100 

43. 5 38. O* 

aBased on first 20 living bills per replication 
LSD 1%;!, 4,9 ** 

5% = 3. 5 * 

Heptacblor lb. / A. 
10 100 

40.1 43.4 



14 

70 

60 

50 

§ 
Cl) 

:i:: 40 
'O 
Cl) 

l 
~ 30 
.s 
"' Cl) 
.c 

"' .s 
20 

10 

16 20 

MISSOURI AGRICULTURAL EXPERIMENT STATION 

Fig. 6-Average Extended Height of 100 Corn 
Plants Under Each Treatment. Plot A; Rollins Farm; 
Columbia; 1957. 
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where yields were based on total treatment yields and on the first 20 living hills 
per replication. Slightly over 20 percent of the plants were killed by the 10-pound 
per acre applications of heptachlor and dieldrin. No significant reduction in the 
number of plants per treatment was found in the 10-pound treatments. Corn in
terplanted between the first planting 17 days later showed no evidence of injury 
either in germination or early growth. The interplants were removed after they 
had reached an extended height of 18 inches. 

Corn planted in 1958 was injured by both concentrations of both insecti
cides. Germination was not affected but early seedling growth was abnormal in 
many cases. The injured corn plants were chlorotic with foreshortened rounded 
leaf tips. Measurements of the corn plants throughout the season (Fig. 7) showed 

that the greatest departure from normal growth occurred in the soil treated the 
year previously with 100 pounds of heptachlor per acre. The injured corn plants 
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Fig. 7-Average Extended Height of 100 Corn 
Plants Under Each Treatment. Plot B; Rollins Farm; 
Columbia; 1958. 

Control 
Heptachlor 10 lb. per acre 
Heptachlor 100 lb. per acre 
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tended to outgrow the injury and by tasseling time almost caught up in height 
with the uninjured plants. Yields taken in the fall appear in Table 3. All treat
ments reduced the corn yields significantly. 

TABLE 3 --CORN YIELDS ON DIELDRIN AND HEPTACHLOR TREATED SOILS; 
ROLLINS FARM; COLUMBIA; 1958 

Yield 
bu./A. 

Check 
No Treatment 

56.1 

LSD bu./A. 1% = 6. 50** 
5% = 4. 66* 

Dieldrin lb. I A. 
10 100 

48.6** 46.4** 

Heptachlor lb. I A. 
10 100 

51.2** 41. 7** 

Corn grown during the 1959 season showed no significant differences in ger
mination, early growth (Fig. 8), or yields. The 1959 season was extremely dry. 
June, July, and August received 6.77 inches of precipitation less than the normal 
for that period. The soil plots were irrigated four times with a total of five acre
inches of water. The application of this water when needed plus the effects of 12-
12-12 fertilizer added to all plots at 20 pounds per acre increased the yields mark
edly as shown in Table 4. 

TABLE 4--CORN YIELDS ON DIELDRIN AND HEPTACHLOR TREATED SOILS; 
ROLLINS FARM; COLUMBIA; 1959 

Yield 
bu./A, 

Check 
No Treatment 

84. 6 

LSD 1% = 16, 6 bu./A. 
5% = 12.14 bu.IA. 

Dieldrin lb. /A. 
10 100 

74.4 81. l 

Heptachlor lb, I A. 
10 100 

83.3 77.1 

By 1960 a considerable part (50-88 percent) of the insecticide residues in the 
heptachlor-treated soil was heptachlor epoxide. To get a more thorough check 
of the effect of this compound on corn, both plots were planted to corn so that 
the experiment could be treated as eight replications when the analysis of variance 
was calculated. No significant difference in corn yields between the treatments 
was found in 1960. This was the last year corn yields were taken. 

Soybeans: Two weeks after insecticides were applied to the soil in 1957, 
Clark soybeans were planted in one plot. No interference with germination of 
early growth was detectable. An extremely heavy infestation of the garden web
worm Loxostegesimilalis (Guenee) moved into the plot in July and no reliable 
yield data could be taken. Clark soybeans were planted again in 1958 and 1959. 
There was no seed or plant damage evident from any level of insecticide. Yields 
from all treatments and checks were moderate to good, averaging 26.6 bushels 
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Fig . 8-Average Extended Height of 100 Corn 
Plants Under Each Treatment. Plot A; Rollins 
Farm; Columbia, 1959. 

Contr ol ·---· Hept achlor 10#/ A . A ---A 

Heptachlor 100# /A . •---• 
Dieldrin 10# /A. o - --o 
Dieldrin 100 #/A. ·---· 

Days From Planting 

17 
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per acre in 1958 and 26.8 bushels in 1959. Since no injury or yield reduction was 

measurable during the years the heptachlor and dieldrin levels were highest, no 

further soybean yield tests were conducted. 

Wheat: Wheat (Knox variety) was planted on one of the master plots in 

October, 1960. A visual check of the replications on the following April 25 

(1961) showed some plants to be yellow, shorter, and with less vigor than the 

plants grown in the untreated soils. A detailed examination showed that wheat 

plants growing in all replications treated with 100 pounds of dieldrin in 1957 had 

visible residual damage or retardation of growth. This soil contained 28.69 ppm of 

dieldrin when analyzed two months later, June 1, 1961. Half of the replications 

treated with heptachlor at 10 pounds per acre in 1957 had wheat plants showing the 

same type of injury or retardation. This soil contained 6.80 ppm of heptachlur 

and 6.08 ppm of heptachlor epoxide on June 1, 1961. Wheat from all replications 

was harvested for yields in July, 1961. No significant differences were found be

tween yields from plants grown on any of the treated soil and the yield from the 

check area. 
It had been planned to allow this plot to revert to sod following wheat har

vest in July, 1961. Harvest had been late enough so that enough grain shattered 

to provide a good volunteer crop of wheat the following year. These wheat plants 

showed evidence of heavy spring infestation of Mayetio!a destructor (Say), the 

Hessian fiy. Brown (1957) had obtained some control of the Hessian fiy by ap

plying relatively small amounts of roxaphene and chlordane to rhe soil before 

planting winter wheat varieties susceptible to Hessian fiy. The mode of contact 

of the insecticide with the insect was unknown. The three logical explanations 

were ( 1) contact by the Hessian fly larvae with treated soil particles washed or 

otherwise moved to the lower part of the wheat plant, (2) fumigant action of 

the compound(s) and (3) translocation of the compound(s) from the soil to 

above-ground plant parts and/ or sap. 
In most cases of spring infestation of Hessian fly the larvae occur higher on 

the plant than they do in the fall. In the spring of 1962 the infestation occurred 

chiefly above the second node of the wheat plant. This would, reasonably, it 

seems, preclude the mechanical movement of the insecticide-treated soil onto the 

larvae. It was postulated, then, that in the case of the present experiment, if sig

nificant differences existed between the intensity of infestations in the treatments 

and conrols, it could be assumed that insecticides toxic to the fiy larvae had been 

translocated by the wheat plants. Table 5 shows that there were highly signifi

cant differences between the infestation of plants grown in the treated soils and 

infestation of plants grown in untreated soil. There was no significant difference 

between the treatments according to analysis of variance and Duncan's multiple 

range test. These differences in infestation suggested that the dieldrin, heptachlor, 

or heptachlor epoxide had been present in the plant tissue and prevented the 

Hessian fly larvae from completing growth and pupating. 
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TABLE 5--HESSIAN FLY PUPARIA PER ONE-HUNDRED KNOX WHEAT PLANTS GROWN IN TREATED* AND CHECK SOILS; 
COLUMBIA; SPRING, 1962. 

19 

Treatment* Rep 1 Rep 2 Rep 3 Rep 4 Mean 

Check 35.0 144.0 122.0 68. 0 92.3 Dieldrin 10#/A. 26,6 21. 0 15.0 13.0 18. 9 Dieldrin 100#/A. 11. 9 6.6 7.7 8.1 8,5 Heptachlor 10#/A. 11.0 39.0 22.0 1 8, 0 22.5 Heptachlor 100#/A. 6.0 16.9 18. 6 19,0 15.1 

*Soil treated June 1957, 

On September 6, 1962, this same plot was replanted to Knox wheat to obtain wheat tissues for residue analysis and to recheck the biological effect on the Hessian fly population attempting to infest the plant. To insure Hessian fly populations in the area, infested stubble obtained from other areas was gathered and 
spread around the edge of the plot. The fall infestation present December 24, 1962, appears in Table 6. 

TABLE 6--KNOX WHEAT PLANTS INFESTED(%) BY HESSIAN FLY; 
COLUMBIA; DECEMBER 24, 1962 

Treatment* Rep 1 Rep 2 Rep 3 Rep 4 

Control 52 72 80 48 Heptachlor 10#/A. 64 44 36 40 Heptachlor 100 # I A. 0 0 0 0 Dieldrin 10#/A. 28 52 44 28 Dieldrin 100#/A. 0 0 0 0 

*Soil treated June 1957. 

Mean 

63 
46 

0 
38 

0 

From these data it was evident that the soils treated originally at the 100-pound per acre rates contained insecticides in quantities that were translocated by the plants while the lower levels evidently did not contain a level high enough to be translocated. Yields were taken at harvest in June, 1963. No treatment yielded significantly lower than the checks. This indicated the highest level of infestation by Hessian fly was below the economic level of infestation. 
In allowing the plot used for the wheat tests to revert to sod in 1961 and again in 1963 following the wheat harvests, visual checks were made periodically to estimate the effects of the insecticides in the soils on plant succession in the replications. Two or more independent evaluations indicated the observers thought they could tell a consistent difference in amount of weeds, clovers, or grasses growing in the various treated soils. By setting up a rating system from one to four as a measure of clover, etc. growing in a given replicate it was possible to 
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form a better estimate of this plant succession in the treated soils and compare 

it to the plant growth in the untreated soils. No correlation between insecticide 

treatment and the presence or absence of any of the plants was shown by this rat

ing system. 

Translocation of Insecticides 

Since the volunteer Knox wheat growing on treated soils showed a reduction 

in Hessian By infestation in the spring of 1962, samples of the whole plants ex

cluding the bottom four inches were taken for residue analysis. Analyses were 

performed on the combined grain, straw, and chaff. Results of the analyses are 

found in Table 7. 
These samples had not furnished information as to the amount of insecticide 

present in the wheat plants in the fall when the Hessian By commonly infests 

the plants. Wheat planted in September 6, 1961, was sampled for residue analysis 

on Ocrober 25, 1962, and May 7, 1963; and as straw and grain (heads) at har

vest on June 27, 1963. Samples to determine the intensity of fall Hessian By in

festation were taken December 24, 1962. The results of the analyses and infesta

tion checks are found in Tables 8 and 9. 

The possibility of insecticide translocation by corn plants is of prime impor

tance in the middle western states since so much corn is now grown on treated 

soils and eventually is fed to meat animals. In 1962 and 1963 corn was grown on 

the treated soils and grain collected for analysis for heptachlor, heptachlor epox

ide, and dieldrin. Results if these analyses are found in Table 10. 

From these data it is apparent that corn does not translocate these insecti

cides readily. The seed containing 0.08 ppm of heptachlor epoxide in 1962 came 

from plants grown on soil which in June at planting time contained 6.69 ppm 

of heptachlor epoxide. This epoxide was the result of the application of 100 

pounds of heptachlor per acre in June, 1957. This was the highest amount of the 

epoxide to occur during the experimental period of eight years and could never 

occur in soils treated annually with normal amounts (i.e. 1-2 pounds per acre) of 

heptachlor. The 0.01 ppm of dieldrin found in corn seed in 1963 is so close to 

the guantitative limit of the method that it is of doubtful significance. At any 

rate, the seed yielding this value was from plants grown on soil which contained 

22.62 ppm of dieldrin in June, 1962. Corn seed from soils containing 1.59 ppm 

of dieldrin showed no trace of the compound. 

Following the 1963 corn crop grown for the samples reported above, grain 

sorghum was grown on this same soil. No residues of heptachlor, heptachlor 

epoxide, or dieldrin were found in grain sorghum seed from plants grown on 

soils which contained 0.19 ppm of heptachlor, 0.33 to 3.93 ppm of heptachlor 

epoxide, or 0.91 to 17.35 ppm dieldrin at planting time. 

Soybeans were grown concurrently with the corn and grain sorghum in 1963 

and later in 1965. Seed from these were analyzed for insecticides and the results 



TABLE 7--INSECTICIDE RESIDUES IN KNOX WHEAT PLANTS GROWN IN TREATED SOIL; COLUMBIA; MO; 1962* 

Insecticide Applied 
June 1957 

ppm 

Check 
Heptachlor 
Heptachlor 
Dieldrin 
Dieldrin 

0 
5,5 

55.0 
5,5 

55,0 

Heptachlor 

0.01 
0,59 
3.30 
0 
0 

Insecticide in Soil 
June 1962 

ppm 
Heptachlor 

Epoxide Dieldrin 

0,08 
1,35 
6.44 
0 
0 

0.01 
0 
0 
1.13 

28,39 

Insecticide in Wheat** 
July 1962 

ppm 
Heptachlor 

Heptachlor Epoxide Dieldrin 

0 
0 
0 
0 
0 

0 (0. 06) 
0.11 (0,15) 
0,44 (0. 50) 
0 
0 

0,08 
0 
0 
0,17 
1.07 

*Analyses by U, of Mo. Ag, Exp, Sta. Anal, Serv. Concurrent analyses (in parentheses) by the Velsicol Corp. of the check 
and wheat grown in heptachlor-treated soils gave results in close agreement. 

**Whole wheat plants at harvest. 

Soil Treated 
June 1957 

1. No Treatment 
2, Heptachlor 
3, Heptachlor 
4, Dieldrin 
5, Dieldrin 

TABLE 8 --HESSIAN FLY INFESTATION AND INSECTICIDE RESIDUES 
IN FALL WHEAT PLANTS GROWN IN TREATED SOILS; 1962 

5,5 ppm 
55,0 ppm 
5.5 ppm 

·55,0 ppm 

ppm in Soil - June 1962 ppm in Wheat - 10-25-62 
Heptachlor 

Heptachlor Epoxide Dieldrin Heptachlor 
Heptachlor 

Epoxide Dieldrin 

0.01 
o. 57 
3.30 
o.oo 
o.oo 

0.08 
0.51 
6,44 
o.oo 
0,00 

0.004 
o.oo 
0.00 
1.13 

28,39 

0,02 
0,02 
0.02 
o.oo 
o.oo 

0.00 
0.01 
0,14 
o.oo 
o.oo 

0.24 
o.oo 
o.oo 
0.61 
3.40 

% Plants Infested 
12/24/62 

63 
46 

0 
38 

0 
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TABLE 9 --INSECTICIDE RESIDUES* (PPM) IN SPRING AND HARVEST SAMPLES OF FALL WHEAT GROWN 

IN TREATED SOILS; COLUMBIA; 1963, 

Harvest Sample - 6/27/63 

Soil Treated 
Spring Fora~e Sample 

5L7 63 Straw Heads 

June 1957 Heptachlor Heptachlor 

ppm Heptachlor Epoxide Dieldrin Heptachlor Epoxide Dieldrin All Compounds 

1. No Treatment O. 00 (O. 01) o. 00 (0. 01) 0,00 o. 00 (0 .. 04) o.oo (0,02) o.oo 0 

2. Heptachlor 5,5 o. 00 (0, 01) 0. 00 (0, 00) o.oo 0, 00 (0, 03) O. 40 (0, 08) o.oo 0 

3. Heptachlor 55. 0 0, 00 (0, 01) 0, 51 (0, Ol) o.oo o. 00 (0. 04) l, 40 (0, 26) o.oo 0 

4. Dieldrin 5. 5 o.oo o.oo o.oo o.oo o.oo 0,29 0 

5. Dieldrin 55,0 o.oo o.oo 0,98 0,00 o.oo 1.04 0 

*In the heptachlor and heptachlor epoxide" columns the first value is from analyses run by the Missouri Agricultural Experi

ment Station Analytical Services. The second values are from analyses run by the V.elsicol Corporation analytical laboratory. 

TABLE 10 --INSECTICIDE RESIDUES FOUND IN CORN SEED FROM PLANTS GROWN ON TREATED SOILS; 

COLUMBIA; 1962 AND 1963 

Soil Treated 1962 
.. UHi3 

June 1957 Heptachlor Heptachlor 

ppm Heptachlor Epoxide Dieldrin Heptachlor Epoxide 

No Treatment 0 0 0 0 0 

Heptachlor 5,5 0 0 0 0 0 

Heptachlor 55,0 0 ,08 0 0 0 

Dieldrin 5,5 0 0 0 0 0 

Dieldrin 55,0 0 0 0 0 0 

Dieldrin 

0 
0 
0 
0 
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appear in Table 11. From these data it appears the soybeans translocate heptachlor 
epoxide and dieldrin much more readily than does corn. However, in 1963 the 
soybean seed showing the highest amount of heptachlor epoxide present (0.09 
ppm) was from plants grown on soil containing 4.22 ppm of heptachlor epoxide 
while soybeans grown on soil containing only 0.34 ppm of the epoxide had 0.04 
ppm in the beans. Contamination of the check beans grown on treated soil ap
parently occurred, which complicates the results of these assays so that little can 
be learned from the 1963 samples. 

The beans from the 1965 crop were washed more thoroughly in cold tap 
water to remove any dust that may have carried contamination to the pod. No 
insecticides were found in the beans grown on untreated soil and relatively small 
amounts of heptachlor epoxide and dieldrin were found in the beans grown on 
treated soil. There was little direct relationship between the amount of heptachlor 
epoxide translocated and the amount in the soil. For instance, in 1965 soybean 
plants grown in soil containing 12.07 ppm of dieldrin showed only 0.016 to 0.02 
ppm in the bean seed at harvest, while plants growing in suil containing only 
0.61 ppm of dieldrin yielded 0.0071 ppm or, as reported in the table, less than 
0.01 ppm of dieldrin. In this case there was only 2.8 times as much dieldrin trans
located to the beans, even though almost 20 times as much dieldrin was present 
in the soil with the higher concentration. Eden and Arthur (1965) indicated they 
found detectable amounts of both heptachlor and the epoxide in soybeans grown 
in treated soil (at rates as high as 16 pounds per acre) but attributed it to uni
form contamination. Bruce et al. (1966) claimed to have established a direct rela
tionship between residues found in the soil and the seed and between oil con
tent of the seed and the residues found therein. In our experiments we found the 
greatest amount of dieldrin in wheat straw and green wheat plants in 1962 and 
1963. Neither of these plant parts has high fat content. 

In addition to the field crops noted above, other plants growing on the 
treated soils were analyzed for insecticides possibly translocated to edible plant 
parts. One set of treatment replications that had been allowed to revert to volun
teer grass, clovers, and weeds in September of 1962 furnished these plants. Red 
clover plants were harvested by hand after the plants had bloomed and seed had 
formed. This is about the stage red clover is harvested in Missouri for hay. Re
sults of the analyses appear in Table 12. 

The consumption by wildlife of seeds and other edible parts of plants grown on 
insecticide-treated agricultural soils has always been of concern to biologists. Two 
kinds of such plants were analyzed for insecticides. Pigweed seeds were harvested 
from the same replication the red clover plants in Table 12 were taken from in 1964. 
Analysis of these seeds showed no traces of heptachlor, heptachlor epoxide, dieldrin 
or related compounds. It should be borne in mind that the plants were grown in 
some instances in soils containing up to 4.89 ppm of heptachlor epoxide or 17.88 



Soil Treated 
June 1957 

ppm 

No Treatment 
Heptachlor 
Heptachlor 
Dieldrin 
Dieldrin 

TABLE 11 --INSECTICIDE RESIDUES FOUND IN SOYBEANS GROWN ON TREATED SOILS 

COLUMBIA; 1963 AND 1965 

1963 (m,;im) 
Heptachlor 

1965 !rmm) 
Heptachlor 

Heptachlor Epoxide Dieldrin Heptachlor Epoxide 

0 .01 • 21 0 0 
5,5 0 .04 0 0 0'.01 

55.0 0 ,10 0 0 0,04 

5. 5 0 .02 ·• 26 0 0 

55. 0 0 .01 .46 0 0 

TABLE 12 --INSECTICIDE RESIDUES IN GREEN CLOVER PLANTS GROWN ON TREATED SOILS; 

COLUMBIA; 1964 

- -- ------- --- ppm in Soil ppm in Clover* 

Soil Treated June 1964 July ~964 

June 1957 Heptachlor Heptachlor 

ppm Heptachlor Epoxide Dieldrin Heptachlor Epoxide 

Control o.oo 0.01 0.02 o.oo 0.01 

Heptachlor &. 5 o.oo 0,72 o.oo o·. oo 0.08 

He_rtachlor 55,0 0·,19 4. 89 o.oo o.oo 0,15 

Dieldrin 5·. 5 o .. 00 o.oo 1.12 o.oo o.oo 

Dieldrin 55·.o o.oo o.oo 17. 88 o.oo o·. oo 

-
*Wet weight basis. 

Dieldrin 
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ppm of dieldrin. In terms of pounds per acre this would be equivalent to an appli

cation of approximately 2.5 pounds per acre of heptachlor epoxide and 9.8 pounds 
per acre of dieldrin, respectively. In normal agricultural practices these amounts 
would not occur. In 1965 Korean lespedeza was broadcast-seeded on the series of rep
lications that had not been cultivated since 1962. Seed samples were stripped by 
hand from these plants in November and stored for analysis. Each sample was 
washed in a high pressure stream of cold tap water to remove any possible contam
ination from dust in the field. No heptachlor, heprachlor epoxide, or diddrin was 
found in any sample of lespedeza seed from plants grown on treated soils. The high
est contents of the insecticides present in these soils during the 1965 growing sea
son were 0.07 ppm of heptachlor, 2.18 ppm of heptachlor epoxide, and 12.7 ppm of 
dieldrin. 

Movement of Insecticides in Soils 

Although the experiments were not designed to measure the lateral move
ment of insecticides in soil it is possible to say with some degree of certainty that 
on fairly level land little lateral movement occurs in the case of heptachlor, hepta

chlor epoxide, or dieldrin. The plot arrangement in Figure 1 shows that in Plot 
A the control replicates ( 1) fell next to the 100 pounds per acre dieldrin replicates 
(5) five times, thus affording a maximum chance for contamination by dieldrin 
through lateral movement in the soil. No contamination by dieldrin was detect
able until 1962, the fifth year after the initial treatment. Dieldrin was then found 
in the control soils in the following maximum amounts for the years indicated: 
1962-0.004 ppm; 1963-0.06 ppm; 1964-0.02 ppm; 1965-0.05 ppm. Hepta
chlor and heptachlor epoxide moved less in some cases than did dieldrin. The 
following maximum amounts were found in control soils during the indicated 
year: 1962-0.12 ppm; 1963-0.05 ppm; 1964-0; 1965-0.005 ppm. 

The effect of wash-over by heavy rainfall through the 20-inch sod strips sep
arating the replicates and direct movement over soil particles cannot be separated 
here. However, that the total movement was negligible is evident from the fact 
that the 0.05 ppm of dieldrin found in the check soil in 1965 represented only 
1.4 ounces of dieldrin per acre (0.09 pounds per acre). This had moved from 
dieldrin-treared soil which lay only 20 inches away and which contained 12.7 
ppm of dieldrin or the equivalent of 23 pounds of dieldrin per acre. 
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