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Effects of pesticides on composition and quality of 
strawberries grown on soil treated with chlordan 
previous t o  1965 were studied. Chlordan and 
demeton were investigated in 1965, and captan and 
ferbam in 1966. Pesticides were applied in ac- 
cordance with recommended procedures of the 
U. S. Department of Agriculture and generally had 
little detectable effect on compositional factors, 

including sugars and acids, or on color, texture, and 
flavor of the fruit. N,  detectable residues of captan 
or ferbam were found on fungicide-treated fruit. 
Traces of demeton were found on two samples of 
demeton-treated fruit. One control and three 
chlordan-treated samples contained more than 
0.3 p.p.m. of chlordan. No relationship was found 
between residue levels and quality of the s rawberries. 

he effects of pesticides on fruits and vegetables have 
been extensively investigated. Many investigations T have had for their purpose either the determination 

of type and amount of pesticide residues or evaluation of 
any flavor change resulting from the field application of 
pesticides. 

Tichenor et a/. (1959) in a study of the effects of 21 in- 
secticides and five fungicides on strawberries found no off- 
flavors in the frozen fruit that could be related to  pesticide 
treatment. Murphy et a/. (1961) reported that thiodan 
had no adverse effect on flavor of strawberries. However, 
pesticides can affect the content of acids, sugars, and possi- 
bly other constituents that might affect flavor (Beyer and 
Weckel, 1960; Deszyck and Ting, 1958; Garman et id., 
1953; Lawver and Hartz, 1965; Taylor and Mitchell, 
1956). Ordas et u/. (1956) reported that analysis of a 
large number of crops, including strawberries, treated with 
recommended dosages of chlordan showed no significant 
residues at  harvest time, but presented no data on the 
amount of pesticide used on strawberries, the method of 
application, or  the actual residue found. Duffy and Wong 
(1967), in a study of organochlorine insecticides and their 
metabolites in soils, found significant amounts in soils 
where organochlorine compounds had been frequently 
applied. Nash and Woolson (1967) reported that 40z of 
chlordan applied to sandy loam soil remained after 14 
years. 

The increasing interest in the possible effects of pesticides 
on food quality has made desirable further investigations in 
this field. This work was carried out to determine whether 
pesticides applied to  strawberries in accordance with recom- 
mended procedures would result in significant residues or 
detectable effects on  composition or on  color and flavor as 
evaluated by panel. 

EXPERIMENTAL 

Each pesticide selected for study was representative of a 
specific type. Captan, a fungicide, is an enzyme poison 
affecting particularly enzymes containing SH groups (Owens 
and Novotny, 1959). The fungicide ferbam forms co- 
valent bonds with S H  groups, producing mercaptides 
(Owens and Novotny, 1959). Demeton, a systemic in- 
secticide, is an enzyme inhibitor and is translocated in the 
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plant (Lord, 1955). Chlordan is a contact insecticide. 
Contact insecticides, other than chlordan, have been 
detected some distance from the site of entry into the plant 
(Finlayson and MacCarthy, 1965). This would indicate 
that even though an insecticide is not classed as a systemic, 
it may be translocated in the plant. 

In 1965, 
chlordan and demeton were studied. The strawberry 
varieties used were Earlidawn, an early maturing variety, 
and Armore, a later maturing fruit. Work was carried out 
on fresh fruit and on frozen fruit stored for 1 week and 
3 months at  0°F. Each variety was sampled on four 
different days. Duplicate determinations were carried out 
on each sample lot. In 1966, ferbam and captan were 
investigated on fresh fruit of Sunrise and Surecrop varieties. 

The fruit was picked in the evening. held at about 37°F. 
overnight, and transported to the laboratory the following 
morning. In 1965, samples of the whole berries were 
frozen without added sugar and stored at 0°F. until tested. 

Data were evaluated by analysis of variance (Snedecor, 
1956). Differences between means were tested for signifi- 
cance by application of Student's t test. 

Work was carried out during two crop years. 

METHODS 

Production. The strawberries were grown on a farm 
near Germantown, Md., on plots treated with chlordan in 
1964. Chlordan and demeton were applied as emulsifiable 
concentrates in accordance with recommendations of the 
Entomology Research Division, U. S. Department of 
Agriculture (1964). The fruit receiving demeton was 
sprayed in late April and again 2 weeks later, with "4 pound 
of active material per acre per application. For the 
chlordan treatment, the insecticide was applied to the soil 
in late April at a level of 1 pound of active material per 
acre. Captan and ferbam were applied as wettable pow- 
ders as recommended by the Crops Research Division, 
U. S. Department of Agriculture (McGrew, 1963). Cap- 
tan was applied at  the rate of 1.9 pounds per acre at early 
bloom and again at  late bloom. and ferbam at  the rate of 
3 pounds per acre, 14 days before harvest. Control straw- 
berries received no insecticide or fungicide treatment. 
The strawberries were separated by buffer strips to prevent 
contamination by drifting spray. 

Possible changes in carbohydrate me- 
tabolism were evaluated by determination of titratable 
acids, pH, citric, malic, and ascorbic acids, glucose, 
fructose, sucrose, and soluble solids. Texture was 

Determinations. 
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measured by shear press and color by color difference 
meter. In addition, panel evaluations of flavor, off-flavor, 
color, and texture were made. In 1966, pectins and 
alcohol-insoluble solids were also determined. Objective 
determinations were made by previously described pro- 
cedures (Bessey and King, 1933; Decker et al., 1957, 
Gardner Laboratories, 1955; Roe et ul., 1948; Simandle 
et ul., 1966). 

Sensory Evaluation. Panel evaluations were carried out 
by scalar scoring. Four whole berries chosen at random 
from each sublot of each treatment were served, one at  a 
time, according to  a randomized design (Cochran and Cox, 
1957). to each of four judges who had been trained in 
judging fruits. 

Residue Determinations. Pesticide residues were de- 
termined by a commercial laboratory. Chlordan was 
determined with a gas chromatograph equipped with an 
electron capture detector (Food and Drug Administration, 
1963). Captan was determined by the AOAC pro- 
cedure (Association of Official Analytical Chemists, 1965). 
Ferbam was determined by the procedure of Cullen 
(1964); the residue is decomposed and the evolved carbon 
disulfide reacts to  form N,N-bis(2-hydroxyethyl) dithio- 
carbamate, which is determined colorimetrically. Demeton 
was estimated by the procedure of Kovacs (1964), in which 
the pesticide is isolated by thin-layer chromatography and 
the color developed by spraying with tetrabromophenol- 
phthalein, silver nitrate. and citric acid. 

RESULTS 

Strawberries treated with chlordan or demeton were 
lower in malic acid than control strawberries (Table I). Al- 
though the differences in some cases were statistically 
significant, they were not very large. None of the other 
compositional or quality factors evaluated appeared to  be 
affected by the pesticides used. After frozen storage, 
there was little difference in the quality of the control and 
the pesticide-treated strawberries. 

Effects of captan and ferbam on strawberries are shown 
in Tables I1 and 111. The fungicides used appeared to  
have little effect on composition or quality. 

Pesticide Residues. Both the insecticide-treated straw- 
berries grown in 1965 and the fungicide-treated straw- 
berries grown in 1966 were submitted for analysis in 
July 1966. Samples of the 1965 strawberries were frozen 
and stored at  0°F. for approximately a year before pesti- 
cide residue analysis. 

No measurable amounts of captan or ferbam were found 
on  any of the samples tested. Traces of demeton were 
found on only two of the demeton-treated samples (Table 
IV). Some chlordan was found in all samples of both the 
control and the chlordan-treated samples in 1965. One 
control sample and three samples of chlordan-trested 
Earlidawn fruit contained more than 0.3 p.p.m. of chlordan. 

In 1965, precise instructions for chlordan application 
were given. It seems likely, therefore, that chlordan 
present in the soil before 1965 was responsible for the high 
residues found on some strawberry samples. Because of 
the high mean values for chlordan in the control samples, 
0.15 p.p,m. as compared t o  0.23 p.p.m. for the treated 
samples, it was not possible to  establish definitely whether 
or not chlordan affected the quality or compositional fac- 

Table IV. Pesticide Residues on Strawberries- 
Demeton. 

Chlordan. P.P.M. P.P.M. 

Variety 

~ ~ ~~ 

Chlordan- Demeton- 
Control treated treated 

Earlidawn 0.36 0.48 0.05 
0.19 0.51 0.04 
0.18 0.41 0.00 
0.06 0.05 0.00 

Armore 0.06 0.08 0.00 
0.07 0.03 0.00 
0.10 0.04 0.00 

a Values are means of two replications on each of t \ro samples. 

tors evaluated. However, the residue results indicate that 
care should be exercised in the use of this insecticide in 
the growing of strawberries. 
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