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Absorption and Translocation of Dieldrin by Forage Crops
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Quantitative relationships have been established
among various levels of dieldrin in sand and in
soil, and the concentrations found in the aerial
portion of wheat, corn, orchard grass, and alfalfa
grown jn these substrates under controlled en-
vironmental conditions. Plants grown in sand
contained levels of dieldrin two to six times higher
than plants grown in soil. A second cutting of
the same wheat plants revealed a higher accum-
ulation of the insecticide than the first cutting.

Finally, the general distribution of dieldrin within
young wheat plants was determined by chemical
analysis. Plants used for forage were capable
of absorbing and translocating dieldrin from the
substrates in which they were grown. The fact
that there was a far greater uptake from sand
than from soil may be of practical significance in
the applications of these pesticides to different
soil types.

The chlorinated hydrocarbon insecticides have been
used extensively for the control of insect pests. These
chemicals are known to persist in the soil even for several
years after application (2, 6, 7). It has been demon-
strated that some plant species are able to absorb and
translocate these chemicals. Most of the investigations
have been conducted using edible root and tuber crops;
however, the presence of detectable quantities of inter-
nal chlorinated insecticides has been reported in cereal
grain and above-ground fruits (/, 5, 9, 10). Recently
there has been a growing interest in the possibility that
forage crops absorb and translocate these chemicals.
It has been suggested that such internal residues might
be partially responsible for the presence of insecticides
in the milk of dairy cows fed forage which had not been
treated with these compounds.

Wheat straw and grain have been shown to contain
appreciable quantities of dieldrin (1,2,3,4,10,10-hexa-
chloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octahydro- 1,4 - endo-
exo-3,8-dimethanconaphthalene) when taken from plants
grown in soil containing abnormally high (20 p.p.m.)
concentrations of this compound (9). Only relatively
small dieldrin residues, however, have been detected
in alfalfa (8, 12) and corn (12) grown in soils treated with
recommended amounts of this chemical. Conversely,
King, Clark, and Hamken (3) have reported relatively
high (up to 1.52 p.p.m. dry basis) heptachlor epoxide
(1,4,5,6,7.8,8 - heptachloro - 2,3 - epoxy - 3a,4.7,7a-
tetrahydro-4,7-methanoindene) levels in alfalfa grown
in soil treated with heptachlor at a rate of 1 pound per
acre.

Many factors rnay affect the level of root-absorbed
insecticides found within a plant: the type of growing
medium, the levels of insecticide in the substrate, the
specific insecticide, the plant species, the age of the
plant, and several other environmental conditions in-
cluding light, water, and temperature.

Pesticide Research Laboratory, Departments of Ento-
mology, Biochemistry, and Botany, The Pennsylvania
State University, University Park, Pa.

This paper provides data concerning the ability of
alfalfa, wheat, corn, and orchard grass to absorb and
translocate dieldrin from two substrates, Data are
presented on the quantitative relationship between the
levels of insecticide found within the aerial portions of
four species and the levels of the compound in the
growing media. Further, the localization of dieldrin
within specific plant parts and variations of insecticide
levels found in second cuttings made from the same is
discussed.

Experimental

Corn, wheat, alfalfa, and orchard grass were grown in
sand and in soil containing labeled and unlabeled
dieldrin to determine whether or not these plants were
capable of absorbing and translocating this insecticide.
The data presented represent approximately 600 anal-
yses.

The details of the plant culture, plant species, extrac-
tion, and cleanup procedures as well as analytical tech-
niques have been described (11).

Resulrs and Discussion

The corn plant in Figure 1 (left) was grown in sand
containing 15 p.p.m. of #Cl-dieldrin. A radioautogram
of the same plant (right) reveals distribution of the label
throughout the plant and a relatively large amount of
radioactivity associated with the roots. A subsequent
extraction and analysis confirmed the presence of radio-
active dieldrin. The other three species also absorbed
and translocated 3¢Cl-dieldrin. Radioautograms, sim-
ilar to the one shown for corn (Figure 1), were also
obtained. No translocation of radioactivity could ever
be detected by radioautography when labeled dieldrin
was applied to the plant surfaces.

One of the primary questions which arose early in
this study was whether the dieldrin residues were inside
the plant or were merely surface contaminations caused
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Figure 2. Uptake of dieldrin by four plant species
from sand
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Figure 3. Uptake of dieldrin by four plant species
from soil
E 1.0 T T T T T
o
‘5 WHEAT IN SAND o 4
z
£ 0.8 -
e
= J
2 o.6 / .
Z
<
p -
a
z 0.4 / _
= .
@ / WHEAT IN SOIL -
o
o o.2 4
a .
= J
a
a 1 i I i

5 0 15 20 25

PPM DIELDRIN IN GROWING MEDIUM

Figure 4. Uptake of dieldrin by wheat from sand and
from soil

facts are of great practical significance for field-grown
crops.

Differences in dieldrin levels found in two successive
cuttings of wheat plants are illustrated in Figure 3.
These plants were grown in sand for 3 weeks, harvested,
processed, and analyzed. The same plants were allowed
to grow for 3 more weeks and then a second cutting
was made. In general, the second cuttings contained
dieldrin levels 10 to 2597 higher than the first cuttings.

Figure 6 shows the localization of dieldrin within the
aerial parts of 3-week-old wheat plants. The “‘stems”
(see Figure 7 for definitions of ‘“‘stems” and ‘“‘tops”)
have far higher levels of the insecticide than the remain-
ing aerial portion of the plant. This fact helps to ex-
plain the higher dieldrin concentrations in the second
cuttings as illustrated in Figure 5. The meristematic
region included in the stems had considerably more

T T T T T

WHEAT 2nd CUTTING
A

0.8} —

WHEAT st CUTTING

PPM DIELDRIN IN WHEAT (Fresh Weight)

1 L L L 1

5 10 15 20 25

PPM DIELDRIN IN SAND

Figure 5. Dieldrin levels in two successive cuttings
of wheat
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Figure 6. Localization of dieldrin within wheat plant
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Figure 7. Definitions of *‘stems’
and ‘‘tops” of wheat plants

insecticide than the tops. Also, the higher concentra-
tions may be attributed to more extensive root systems,
By the second cutting the area immediately above the
meristem would have moved up and become a part of
the tops. King ef al. (3) have reported the same phe-
nomenon for heptachlor epoxide in alfalfa. The second
cuttings always had higher residues than the first. The
partial rationale suggested for wheat cannot, of course,
apply to alfalfa.

Thus, forage crops are able to absorb and translocate
dieldrin from the substrate. The fact that the concen-
tration of insecticide found within the plant}varies
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greatly with the type of substrate might be considered
when recommending application rates. Plants grown
on sandy soils would be expected to absorb consider-
ably more dieldrin than plants grown on soils containing
high percentages of organic matter.
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