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By Awrrxur C. Foster® formerly plant bathologist, and Victor R, BosweLL,
horticulinrist, Horticulturel Crops Researck Bro nch, Rosert D, Crrsiony and
Roscos H. CARTER, clhemists, Eulemology Research Branch, Grapys L. GIrerxs,
food speeialist, Human Nutrition Researci Braneh, Agricultural Research Serxy-
ice, United Stutcs Deparlment of Agricullure; BAILEY B. PEPPER, entomologisl,
New Jersey Agriculturql Experiment Station; W. 8. ANDERSOXN, horticuliurist,
and MARVIN GIEGER, chemist, Mississippi Agricultural Ezperiment 8tation

United States Department of Agriculture in cocperation with the State agricul-
tural experimeut stetions of New Jersey and Mississippi

PURPOSE AND BACKGROUND

Much of the earlier work, between 1045 and 1950, on possible harm-
tul effects of residues of chlovinated hydrocarbon insecticides in the
soil was based on single direct additions of the substances to sotls,
followed by determinations of effects on successive crops grown on the
treated soils. That general method gives valuable infgrmat.ion on the
tolerance of specific plants to various amounts of the insecticides in
different soils and, over a period of years, indicates the relative per-
sistence of any eflects due to the residues of the added substances,
That procedure, however, wil not indicate how fast an insecticide is
likely to sccumulate in a soil following repeated applications to
crops—it only shows what may happen after a given quantity has
accumuiated.

Early experience with DD'1'in orchards indicated that because of its
great stability it tended fo accumulate in the surface soil beneath the
trees at a rate almost equal to its rate of application per acre annually.?
Some other chlorinated hiydrocarbons, however, are less stable than
DDT and therefore accumulate less rapidly. Not only the rate of
decomposition in the soil but also the tendency of the insecticide to
decompose or volatilize before it reaches the sojl affects the degree to
which the insecticide may accumulate. Obviocusly, too, the removal
of the harvested crop or erop residue may carry away some of the
insecticide applied, preventing that part of it (or its decomposition
products) from reaching the soil. .

Studies of plant reactions to soil applications of chlorinated hvdro-
carbon insecticides were started at the Plant Industry Station, Belts-
ville, Md., in 19453 Incidental to those studies, small plots on
greenhouse benches were set up in 1949 to obtain preliminary informa-
tion on accumulation of several insecticides in the soil following
foliage applications as sprays. Additional and larger spray-secumu-
lation plots were set up in coldframes the following year, and a still
more comprehensive set of cutdoor plots was established in 1951, In
1952 extension of this last design into two other States became possible
through the cooperation of State and private agencies.

! Submltted for publication February 14, 1956.
*Died May 26, 1954,
* FOBTER, A. C. SOME PLANT RESPONSES TO CERTAIN INSECTICIDES IN BOIL. {J. S,
Dept. Agr. Cir, 862, 41 pp,, illus, 31951
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GENERAL METHODS

PRELIMINARY DESIGNS AT BELTSVILLE, MD.
GREENHOUSE PLOTS

Duplicate plots, approximately 2% by 8 feet, were arranged on
enches next to the walls of an even-span greenhiouse, 35 feet wide and
with eaves 6 feet above the floor. The benches contzined Tvesboro
sandy loam soil to « depth of 6 inches. hlorinated hydroearbon
insecticides and isomers thereof were sprayed repeatedly on foliage of
successive plantings of a wide range of crop plants, including vegetable
plants, ceread plants, and soybeans, During spray appheations, adja-
cent plots were protected from drift by a high portable shield at the
sides and back of the plot being sprayed.

The insecticides were each applied as carefully weighed quantities of
wettable powder suspended in suflicient water to cover the plants
each plot thovoughly with a minimum of yunofl. A smuil portable
paint-gun outfit was used for spraying, with appropriate atomizer-
tvpe nozzles and a separate container for each formulation. Efforts
were made to deliver the spray materials quantitatively to the plants
and to the ares they occupied, but some of the materal was probably
lost ou the shield or by drift at the nnprotected front of the heneh.

Bocauge of limited space and crowding, the plants of these very
small plots were havvested while still small.  Green weights of above-
ground parts were recorded. The plants were then retwrned to tle
plots and worked into the soil.

Over a period of nearly 4 years a gradually increasing and finally
froublesome salt content developed in the soil in the greenhouse
benches at Beltsville. This was rather emphatically brought to light
by excegsively high organic c¢hlorine blanks of the plots fhat had
roceived no insecticide at any time.  Although we have noted no rei-
erence to organic hixation of inorgunic chilovine in soit, our continued
use of ehlorinated water from the local public supply appeared to be
interforing with determinations of organic chlorine content of the soil.

Conductivity readings of the treated and nontreated soils. made
with 2 Model RD-15 Solu Bridge soil tester, revealed very high tota!
salt content. Periodic applications of commercial fertihzer as well
as heavy use of chlovinated water doubtless contributed to the addi-
Yion of salts to the soil. Feating pipes below the benches and mod-
erate greenhouse temperatures comIt))ined to produce a relatively high
demand for water the vear around. Avoidance of cxcessive watering
of 1he beds resulted in virtually no lenching of the salts added iy water
and fertilizer.

Aecompanying the development of the high salt condition, atfacks
of Rhizactonie and other fungi were increasing, interfering with
establishment of uniform stands and with growth. Further, some of
the oflects of insecticide treatments appeared to be rather move serious
{han in our other experience. Efforts to reduce salt content by lench-
ingr Lhe sotls in place in the benches were unsatisfactory. T the eariy
antomn of 1953, therefore, the soil from all plots was removed from
the greenhouse to shallow, open beds for prolonged leaching by rain
and melted snow. The soil was spread over wire screen lying on a
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very well-drained gravelly area, and the several lots kept separate by
wood partitions,

Upon return of the soil to the benches in the spring of 1954, the
salt content had been reduced to a normal level and much improved
piant growth resulted. The trouble deseribed here has not developed
in outdoor tests,

The chlorinated hydrocarbon insecticides arve highly insoluble in
water, therefore, they are not leached readily from the soil.

COLDFRAME PLOTS

In order to include studies of additional substances and to obtain
space for growing plants to larger size, another duplicate series of
spray-accumulation plots {1949-54) wus established outdoors in cold-
frames built of cinder blocks and desi gned io be covered with standard
3- by 6-foot sash. Single plots were approximately 3 by 6 feet, sepa-
rated at first by boards 1 foot wide shoved edeewise into the soil about
8 inches; later the boards were replaced by sheets of asbestos-cement
one-quarter inch thick,

Methods of treatment and handling of test plants were essentially
as described for the greenhouse plots, except that some of the smaller
growing crops such s snap beans were harvested in a normal manner
and the crop residue only turned into the soil after welighing.

CHEMICAL ANALYSES

To determine the tendency of an insecticide or its chlovinated de-
composition products to accumulate in the soil of the sprayed plots,
soll samples were analyzed for ovganic chlorine and the results calen.
lated to equivalents of {he respective substances applied.t Soil samples
were taken from points well distributed over each plot to the depth of
the treated soil and composited for cach plot.

Unfortunately, resources were available for few determinations of
organic chlorine content of plant tissues associated with treatment,.
Two crops of rarrets and one of tu rnips at Beltsville were so analyzed
by the Intomology Iesearch Branch. Turnips from some of the
State College, Miss., plots and carrots from some Beltsviile plots were
analyzed for specific insecticides in the lnboratories of the Shell Chern.
ical Corp. Turnips and sweetpotatoes of the State College plots were
also analyzed at that location.

After harvest of tlie caxvot crop July 16, 1953, the roots were washed
on a screen In water running from o hose. Soil not immediately
washed off by the water alone was rubbed Joose with the hands and
the reots were rinsed.

Until a taste panel could judge the roots, the carrots were stored in
paper bags for a few days at 88° F. To preserve the samples for later
analysis they were quick-frozen and so held for about 2% months,
when they were analyzed for tofal organic chlorine. The difference
between the lots from treated plots and the controls was calculated
to equivalent amounts of the respective insecticides. For comparative

‘Komarsky, 1., and Gnrsuosr, R T, DETERMINATIGN OF DT IN SCILS. Asgoc,
OfE, Agr. Chem. Jour, 32: 7S1-786. 1040,

383001—58——2
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purposes, the insecticide content of the soil is shown, assuming the
fccumulated residues to be mixed throughont the surface foot m the
beds.

Samples from the 1834 crops of carrots andl turnips were washed
and kept in cold storage (not frozen) a fow days untit they were
analyzed. The 1953 crop of carrots, which had been frozen and
stored, was in poor condition when annlyzed.  Treezing, storage,
and thawing, Tollowed by the necessary drying fo remove condensed
matter before extraction, resulted in considerabic dehydration and
decomposition so that the parts per million (p. p. m.) ealculated on &
weight basis taken at that time was considerably higher than it would
have beon on freshly harvested roots. The 194t crop was extracted
for analysis in the recently harvested undried condilion.

COOPERATIVE DESIGNS, 1951-54
SOILS AND PLOT ARRANGEMENT

The soil used in the work at Beltsville, Md., is Congaree loam, 2
ferlile, friable, brown soil contuining noticeable amounts of mica, It
was removed from the smface 6 to 7 invhes of the flood plain of a
small creele that Hows through the Plant Industry Station and placed
to n settled depth of 9 inches in G- by 6-foot compartments built of
cinder blocks. These compartments were armnged in 2 rows of 22
each, with the walls extending 10 inches below and 6 inches above
ground level and the compartments were provided with tile drainage.
The substrate below is compact eravelly fill unsuited to plant growth.
Sprinkler irrigation was provided.

At State College, Miss.. 8- by 10-Teot plots were arranged on Kauf-
man sandy loam in « good state of fertility, with depressed alleys 2
feet, wide between plots.  Sprinkier irvigation was available.

At New Brunswick, X, T, §- hy 8-fool plots were arranged on Snssa-
fras sandy loam (pIL 6.0 to 6.2) with 2- by 8-inch boards separating
the plots. The boards weve placed edgewise with abont + Imches
below the soil surface. Beforw establishment of the plots and jnstal-
Jation of the hoard barriers between plots, the seil was deeply plowed
and harrowed in conventional manner.  After the bourds were placed
between plots, 5-10-5 fertilizer was broadeast on each plot at the rate
of 1,200 pounds per acre and thoroughiy mixed into the upper 4 inches
of soil with a polato fork. Adter the initial preparation of the soil
a1l worlk was done by hand. Fertilizer - w5 added and worled in
ench yvear asstated nbove,

Al working of the soil at Beitsville and New Brunswick was done
with hand tools, and eare was talen to avoud contamination of any
nlot by transfer of soil into it from another. 'The plots at State Col-
lewre were prepared and reworked each spring with a small votazy tiller.,

At all Jocations the treafments were avranged at random in each of
four blocks and the dafa were analyzed by the varvinnce method for
randomized blocks.

CROPS AND CROPPING SYSTEMS

_Becanse of differences in climate and soil among the three Toca-
tions, the test crops grown diflered widely. Each mvestigator grew
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crops well adapted to the respective conditions and that could best
be handled along with other work to he done during the year. Table 1
shows the times of planting and of liarvest of the several Crops grown
at each location.

Root crops were harvested by pullin g the entire plants and removing
both roots and tops from the plots.  Of other crops, ouly those por-
tions normally marketed were removed from the plots, although the
entire aboveground parts were removed for wei ghing,  Those parts of
the plants that normally are not removed from the feld were, after
weighing, spread back on the plots on swhich they grew and worked
into the soil.

A diversity of crops was grown to obtain information on possible
responses to ns many different crops as feasible. Although major
interest in this work was centered around crop response o resicdues
aecunmlating in the seil, any evidence of divect injury by the folinge
application was noted.

Tarue 1.—Dates of planting and of final harvest of test erops grown
at different locations, 195154

Date

Lecation and test erop grown
Pianted Harvested

Beltsville, Md.:
Spinach, Old Dominion Sopl;.d 5, 1951 1 Oct. 17, 1951

Onts, Lee : Nov, 23, 1951
Pen, Thomas Laxton Aar, 18, 1¢ June 10, 1952
Bean, Stringless Black Valenting June 24, 1935 Bept. 3, 1952
Radish, Scartet Globhe Sepl. 18, 1952 § Oct. 28, 1052
Rye, Abruzszi Oct. 28, 1952 t Anr, 15, 1053
Carrot, Imperator and Danvers 1 Apr. 27,1953 | July 16, 1953
Rye, Abruzzi Bept. 11, 1053 | Jan, 8, 1954
Carrot, Imperator Apr. 21, 1954 | July 26, 1854
Bean, Stringless Black Valentine Ang. 13, 1954 | Oet. 4, 1954

State College, Miss.:
Bean, Tendergreen Aug, 24, 1951 | OQct.
Turnip, Seven Top Jan. 17, 1952 | Apr.
Bouthern pea, THxielee___________ " . °""" Aay 26, 1052 Aug.
Beun, Contender Aug. 12,1952 1 Qe
Turnip, Beven Taop Jan. 18, 1953 | Alay
Southern pea, Dixiclos June 8, 1953 | Aug.
Bean, Contender_ Aug. 17, 1953
Turnip, Purple Top White Globe Jan.  § 1954 | May
Sweetpotnlo, Allgold June 4, 1954 | Nov. 1 .

May 24,1952 | July 23, 1952
Az, 2, 1052 | Sept. 27, 1952
June 1, 1053 | Aug. 10, 1954
Aug. 13,1953 | Oct. 11,1953
May 15, 1654 July 26, 1954
Aug, 5, 1054 | Qef, 1, 1951
Avg. 21951 | Nov. 27, 1954
Aug. G, 1954 1 Dwee. 5, 1954
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INSECTICIDES AND APPLICATION

The busic design of the work included nine insecticides—aldrin,
dieldrin, isodrin, endrin, heptaechlor, chiordane, Dilan, BIIC, and
toxaphene—that were either in current use or that had showrn some
promise of commercial use. Table 2 shows these along with several
others variously included by one participant or another because of spe-
cial interest in them. The table also shows the formulation from
which each spray treatment was prepared, and the rate per acre at
which each pure msecticide cquivalent was applied at each spraying.

Details of method of application of sp~ays differed among locations
according to equipment that was available. All operators isolated
adjacent plots from the plot being sprayed by surrounding the latter
completely with a poriable cloth or plastic sereen that extended from
the sotl to a height of approximately 314 feef. Care was taken to
confine treating maierials to the areas designed to receive them.

At IReltsyille and New Brunswick the sprays were applied with small
engine-driven compressed-aiv paint-spray outfits equupped with atom-
izer-type nozzles that produced good coverage with a medium to coarse
spray.  Accurately weighed quuntities of the wettable powders re-
quired for single plots were weighed into small containers designed
for attachment to the spray gun.  LEnough water was used to give
mood coverage of the folinge with a minimum ot runsff, and the entire
weighed quantity of insccticide was applied to cach plot. “The gun
and confainers were washed with water after use of each formulation.

Panng Q—Insectivides and rates of application wused at different
locations for fleld tests, 1951-94

i —
Rate of applicaiion of net inseeti-
cide per acre per applieation al—

Tnseeticide ! b :
State | New

Beltsville : .
T Callege,  Thrunswick
Ald. Miss, ' N

‘ Pounds Pounds | DPounds
Aldrin, pure 30 pereent WA oL ¥ :
Aldrin, teehnieal 30 pereent W. P2 P
Dieldrin, 50 percent W.P '
Heptaeblor, 25 pereent WP
{Minrdane, 50 pereent W.P
Tsodrin, 50 pereent WP o oo ;
Tondrin, 50 pereent WP, _ '
1¥Hlan, 48 to 50 percent WP !
BHC, teehnieal WP oo
B, teehnical WA e i
Lindane, 25 pereent WP oooomocaoacloiin s
Toxaphene, 40 perecot WP oo ; 304
11T, 50 pereent WP Lo LI P
PR, 50 pereent, WP oo oo i
Alalathion, 25 pereent WP oo aia -

o

|
'
'
'
[
1
1
|

SR LRty Ry B

PN S S

[ R Rl i o W e [ )

1w T indlieates wetlabile poweder.

T yp pure sldrin proparation eontained 50 pereent pere ahlrin.

3 'Phe toehniesl aldrin preparation containgd 00 pereent teehnimt aldrin (47,5 pereent pace aldrin
equivalent aud 2.5 percent chlorine-bearing impuritics).

+ Contnining 6 peresnt gnming isotuer aited § percent other lsomers.

¢ Containing 12 percent gamms {somer and 18 pereent othber isomers.
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At State College, Miss., a small compressed-air knapsack sprayer
was used. Spray mixtures of known concentrations iwere prepared,
each in a constant amount of water, in excess of the amounts required
tocover single plots. The required amount of insecticide was deliverad
by rapidly and repeated! covering the plot with spray during a pre-
determined time-interval. Calibration of the sprayer, starting with
constant amounts of mixture in the tank and approximately egual
pressures for exch run, showed that the desired quantity of mixture
could be delivered repeatedly with reasonable precision in g measured
time-interval. Applications were timed with a stopwatch. 'To verify
the intended applications, the quantily of mixture remaining in the
tank after application was measured.

CROP RESPONSES

The primary purpose of this work was to determine possible eflects
of insecticide residue accumulations in the soil upon plant response.
Incidental to affording chances for residues to accumulate, it was ob-
viously necessary to apply the several insecticides to the foliage of
crop plants. During this possible buildup period any differences in
crop growth associated with treatment might be caunsed by the imme-
diate and Qirect effect of the application to the foliage, instead of, or
in addition to, any residue {hat might have accumulated in the scil.
This buildup peried, however, was 1ot useless as a source of informa.-
tion about residue efleats.

The dosages used, although heavy, were intended to be within safe
limits insofar as any immediate and divect eflects on the plants were
known. So little was known, however, about some of the newer sub-
stances when the work was started that there was some risk that
some Immediate and direct effects might oceur. If such eflects
occurred, true residue eflects conld be determined only by £rowing non-
sprayed crops after a series of sprayed crops. On the other hand, it
shouid be reasonably safe to conclude that in the absence of any effect
associated with treatmen{, no harmiul residne effects were present.
This consideration is of particulur importance regarding some of the
treatments at some locations where the frequency of applications and
total amounts applied were very high,

RESULTS

PRELIMINARY WORK AT BELfSVILLE, MD.

TESTS IN GREENHOUSE
Duplicated Treatments

In the greenhouse exploratory tests involving only duplicate plots
of each treabment, great difflerences were necessary for statistical sig-
nificance of differences between treatments within single tests.  Single
tests ravely showed such differences.  Aside trom possible direct injury
of the spray suspensions to the foliage, no marked differences would be
expected to follow the treatments until after many applications had
been made,

Table 3 summarizes the accumulative results of repeated sprayings
of 16 successive plantings with 10 insecticides over nearly 3 years and
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the behavior of 4 nonsprayed plantings in soil in which plants had
been sprayed earlier, using the 10 insecticides. In the first group of
5 tests involving 15 sprayings at 5 pounds per acre, technical BHC
was the only inseeticide that appeared to produce markedly different
results from all the others.  Crowlh on BHC-sprayed plots was only
37 percent of the nonsprayed controls, while on all other sprayed plots
it was abount 60 to 70 porcent.

TECENICAL BULLETIN 1140, U. 8. DEPE. OF AGRICULTURE

TasLe 3.—Growth responses of crop plants in exploratory tesis for
acoumulating insecticide residues in soils through jolinge sprays;
greenhouse benches, Beltsville, Al d., 1950-563*

Farly tolal growih per plot of suceessive plantings of
lest plants following aceumulative applications
shown in pereentage of cheek

Test plants sprayed

Tost plants nok

Inseeticide applicd sprayed: Corn,

Beels, spinaci,
=0yt snap
bomn, and =or-
ghunt in & tests;
aeeumnlalive ap-
plications of in-
seclivide up lo 75
pounds per acre

Tomato, sgnash,
eorn, wheat, and
colton in 11 Lests;
acewmnulative ap-
plications of in-
seetieide up to

225 pounds per |

agre ?

bean, and soy-

bean in 4 lests;

accumuiative ap-

plications of in-

secticide up to

255 pounds per
aere 3

Aldoin_ Lo
Dictdrin

Chlordane .
Toxaphenc. o cuaeena-
TDE

DnoT__. . .
Methoxyehlor. .. .C
BHC, teehnieal . oo __.
Lindane

Ovolran

Perecnt

Poreent

62
GO
47
5a
5k
G0
14
a5
72

Percent

Significance of diller-

enees.

Between 5- and
i-percent level.

Above 1-pereent
level,

Below d-percent
level,

3 Seg Lable 5 far persistence of insoctigides.
T Qvalran appiied wp Lo 150 ponads peracre.
3 Jvolran applicd ap Lo 180 pounds per acre.

In the suecceding 11 tests involving an additional total of 80 spray-

ings ab the same rate, technienl BIIC did even more serious injury to
growth than for the fivst 5 tests, and the eflects of hndane appeared

rlmost ns serious as those of technical BITC. Growth on Ovotran-
treated plots was T2 pereent of the controls and that of other treated
plots ranged from abount 50 to G0 pevcent of the coutrols. In the sec-
ond group of tests the treatments averaged consistently a little more
harmfal than in the first.  "Lhis may have been caused in part by the
accnmulative eifects of the insectioides building up in the soil, but
the harmful cfiects could have been the result of a greater sensitivity
of test plants in that group. The main purpose of these two series
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of sprayings was to accumulute & residue of insecticides in the soil to
be measured later. The response of the sprayed plants is of secondavy
interest.

The fourth column of table 3 relates to unsprayed test plants. The
average response to treatments in four tests was not significantly dif-
ferent from the nonsprayed controls in soil free from insecticides.
Not even the BHC and Tindane plots showed any marked diflerence in
the average of four tests. The results in this column suggest that the
effects noted in the two sprayed groups were caused largely by direct
elfects of the heavy spray dosugesused in eflorts to accumulate residues
rapidly.

II‘:lb]l:: 4 shows the response of unsprayed Stringless Black Valentine
bean to the soil of the several sprayed plots atter it had heen exposed
to leaching as described on page 2. This variety is very sensitive to
DDT. The accumulations of DT and of 1D, 2 related compound,
appeaved definitely toxic to this bean, as did the accumulations of
dieldvin and Ovotran.  Although the yields of beans from all treat-
ments were less than the control, yields from some of the treatments
were very slightly less, and only four yields were significantly beiow
the contenl,

The second column of table 5 shows the approximate percentage
of the insecticides that was found in the soil of the respective sprayed
plots.  The four substances that depressed growth of bean signifi-
cantly (table 4) all showed o more marked tendency to accumulate
than did any others, except methoxyehlor. This insecticide. another
member of the DIYE family, has been elsewhere found to be rather
highly stable but far less foxic than DD to plants. (It is also a
somewhat less potent insecticide and is less toxic to warm-blooded ani-

Taven 4. —CGrowth response of Stringless Black Valentine bean after
wecumulative applications of 250 pounds per acre of insecticide;
test erop not sprayed; grown in greenhouse bench after leaching of
soil to remove inorganic salts, Beltsville, Md., 1954

! Woight of

Tnseclicice applied plants per
plot 2

i

{Frams
637
5a6*

. . : G741

Taxaphene_ _ . . ... e il

TR e ic e el L . i A6+

noyro ... . o e e - : a21+*

Methoxyehloro L. L .. .. L. .. (331

BILG, technical - e e e (66

Lindane . | G18

544%
GYG

98

Aldrin_ . _
Irieldrin

! See tablo § fer persislence of insecticides,
T *=sipnifieant nt the d-pereent jevel.
1120 pounds per sero accemulotive spplication,




TanLe 5.—A coumulation of certain insecticides in soil following foliage application at cumulative quantities shown
for exploratory tests in greenhouse and in coldframes, Beltsville, Md., 1949-53

Insecticide applied

Recovery of organic chlorine ! in percent of total pounds per acre of material
applied in— )

Greenhouse
test; 34
months, 45
sprays, total
225 pounds

Coldframe test 2 after—

12 months,
10 sprays,
37.5 pounds

24 months,
20 sprays,
75 pounds

36 months,
31 sprays,
116 pounds

48 months,
33 sprays,
124 pounds

60 months,
33 sprays,
124 pounds

Percent

Percent
16
37
11
54
40
35
18
18

Percent
1

34

8
40

37
43
12
1l
52
12
31

5
34

Percent
13

Percent

Percent

1 Determmined os organic ¢hlorine and ealeulsated to insecticide equivalent.

2 See table 6 for test-plant responses.
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mals than DDT.) About 70 to 80 percent of the DDT, TDE, dieldrin,
and Ovotran applied was found in the soil after 45 heavy sprayings
over a period of nearly 3 years. The hean test shown in table 4 was
1'1;3 more than a year after the determinations shown in column 2 of
table 5.

Toxaphene here shows about the same tendency to accumulate as
does dieldrin and nearly as much as DDT, but pound for pound it
appears much less toxic than dieldrin or DDT to most tost plants we
have tried. Aldrin, technical BIC, and lindane, among the com-
pounds shown in tables 8 and 4, ave the least likel y to accumulate in
the soi) in large amounts.

Nonreplicated Treatments

One side bench was used over a 3-year interval for observation on
effects of repeated sprayings with technical BHC and the alphn, beta,
gamma, and delta isomers of BHG. Accumulative applications
reached 150 pounds per acre. Small-grain varieties were highly sus-
ceptible to injury in these tests; corn and sorghum somewhat less sus-
ceptible.  The alpha isomer appeared injurious to cats but not to rye,
sorghum, corn, cotton, nnd beans. The deltn. isomer appearecd most
harmful to these test plants; the technical mixture and beta isomer
were highly toxie, with gamma isomer moderately toxie.

Nonsprayed corn appeared injured by soil residue only in the delta
and beta isomer treatmients, but nonsprayed oats was injured by resi-
cdues of all BHC materials.

Table 5, column 2, shows that of the BHC isomers alpha and gamma
tend to accumulate the Teast, while beta and delta nccumulate more
rapidly.

TESTS IN COLDFRAMES

In 1949 a series of spray-nccumulation tests was established on
Chester loum soil in coldframes with 18 substances at 2 levels in each
of 2 frames. Ilere, as in the greenhouse, the main objective was to
get some idea of the rvates at which the several substances would
accumulate in the soil follewing frequent heavy spray applications.
The growth responses of all the sprayed crops were anulyzed statisti-
cally. Lack of significant differences would indicate no harm from
either the direct applications or from such residues as might have
accumulated, but c{iﬁ’erences {when plants were sprayed) could be
caused by either one or both conditions.

Table 5 shows the list of 13 substances used. Table & summarizes
the result of 16 successive test crops grown and also shows the accumu-
lative total amounts of insecticides applied through the growing of
each test. Individual spray applications were at the rates of 2.5 and
5.0 pounds per acre.  Only 2 true replicates were established for these
explorafory tests. With 2 rates of application of each substance, how-
ever, cansiderably more precision was possible than in the greenhouse
tests, Table 7 shows the details of results with plants grown in 1954
after freatments had been discontinued.

Table 6 shows that significant differences in growth were noted with-
in only 4 of the 16 test, crops grown over 5 years: One crop of beans,
1 crop of radishes, and 1 crop of rye, all of which are highly sensitive
te 1 or more of the insecticides used, and 1 crop of turnips. These




TaBLE 6.—Summary of response of crop plants to acoumulation of certain insecticides in the soil through foliage ap-
‘ plications to successive crops; coldframe tests, Beltsville, Md.,1949-54*

Accumulative amountsI

"Test plants grown in individual of msecggl(ic:eap plied Yields recorded

tests, in chronological order

4!

Response to treatments

Light rate [Heavy rate

) Pounds Pounds
Ry 10 20
"Pea, garden 1734 Differences not significant.
Bean],)snap, bush .

Lo T G S NP

Pen, garaen

‘Corn, sweet 3 Do.
Bean, snap, bush 4 : | Heavy rate delta BHC significantly toxic. DDT and tech-

nical BHC at heavy rate tended to be toxic but not sig-
nificantly so.

Pea, garden Differences not significant.

Bean, snap, bush 0: ) :

Radish i Total plants_ .| Delta BHC at both rates and technical BHC at heavy rate

greatly depressed yields. Differences significant.

Total tops_._| Significant differences at heavy rates. Beta, technical, and
delta BHC definitely toxie.

Diﬁe]r)ences not significant.

0.

DDT, TDE, toxaphene, and BHC depressed growth sig-
nificantly.

Only beta BHC depressed growth significantly.

Total plants. .| Only toxaphene depressed growth significantly.

Total plants. _| Differences not significant.

DDT plots produced smallest growth. Not significantly
below control.
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Overall significance of response At light rate of application, significance below 5-percent
to treatment. . . : level: at heavy rate of application, significance above 1-
) percent level.

1See * - 5 for substances applied to foliage and tendency to accumulate in soil, 2 Not sprayed.
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Tasie 7—FEffects of spray accumulations in sofl upon growth of
turnips and beans that were not sprayed; coldframes, Beltsville,
atd., 195},

Yield per plot of 2 —

Insecticide prevousty Turnips Beans Beans
applied *

Total Total
plants 3 [ plants

Total

Roots 3 Pods plants

Pounds | Pounds | Pounds | Pounds Pounds
{ 3 6.0 5

000
[1s]
=S

99,00 £6 <2 60 60 00 00
G =3 DD Y 3 e O
SOOI oo
0T bt O = ] D
*

89 BY RO N 12 RO 1O 1D 19 10
prale sl ool A Nl XY &Y )
P EC O & tn g &
Fod G50 b ] T BT AN D T

Ha =l [ ]
oY Gven g o

L. 8. D. at 5-percent level. L2 . M g *

fb'ii‘omi accumulative application 19530-53 was 82.5 pounds and 163 pounds, respectively, ab 2 levels (see
table 63,

P'With no effect of “jevel” of applieation, dgares i table are means of 2 levels,

1 "=signifiennt ab the 5-percent fovel,

¢ Mot significant,

significant responses all occurred after considerable accumulative
amounts of the insecticides had been applied. It is not clear, however,
to what extent soil accumulations may have contributed to these re-
sults, except with turnip, which was not sprayed. Two crops of beans
after treatments ceased failed to show significant harmful efects of
treatment (table 7). Only beta, delta, and technical BHC produced
slgnificant responses in sprayed crops, although heavy applications of
DDT tended to depress yields of beans.

When the results of the 13 tests through the Ilast spraying were
combined (table 6), using the interaction treatments X tests as a
measure of significance, vaviances in growth on the plots receiving the
Light rate of application were below the 5-percent level; variances for
the high rate were above the 1-percent level. Most of this effect was
the result of direct toxicity of the heavy dosages of technical BHC
and the beta and delta isomers of BHC.
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The third to seventh columns of tuble 5 are the means of the per-
centages of remaining insecticides for the two rales of application.
Variance unalysis of the entire body of data showed no significant
Qifferences in fhe percentage of accumulative applications detected in
the soil at the two rates. 'Lhe poundage detected in the high-rate plots
was approximately double that in the low-rate plots, bul the percentage
rates of accumulation were essentinlly the same for both dosages.

After 33 sprayings over 4 years with accumulative applications of
88 and 165 pounds per acre {mean 124 pounds}, percentages ranging
from 6 to T percent of alpha and gamma BIIC, aldvin. and methoxy-
chilor preparations up to about 35 to 40 percent of the TDE were found
in the soil. TDE, DDT, beta BHC, and dieldrin acenmmulated most
rapidly of the substances used in this sevies, with an average of about
35 percent remaining. Toxaphene aecumulated nearly as rapidly as
the four substunces just mentioned. Technical BITC and chlordane
appear to be among the less persistent substances, with only abouf
10 pereent vemmining in the soil a year a Fter cossufion of 4 years
applications. Lechmical BIIC appears more persistent than the alpha
andd gamma isomers, doubtless because of the relntively persistent beta
and delta isomers that it contains as impurities. The resulis for chilor-
dane ave a bil erratic, but it appears to aceumulate little more rapidly
than aldrin and technieal BITC, and muclt less rapidly than toxaphene
and dieldrin.

The seventh column of table 5 shows the residues a vear after the
4 years of spraying was terminated. About 40 percent of the TDE;
35 pereent of the dieldrin, DDT, and beta BIIC; and 30 pervcent of the
toxaphene remained, Only 8 to 10 percent of the {echnical BIIC and
chlordane remained, and about 5 pevcent of the aldrin, alpha and
eamma BIIC, and methoxychlor.

Table 5 shows that either gur techniques were rather rough or the
rate of accumulation ot these several substances varied considerably
from vear to year. For unknown reasons, the data for most substances
formod relatively flat curves. The figures for the last 2 years, how-
ever, suggest move definitely the relative rates of accumulation and
disappearance.

Thus, in the long run, it appears that about 75 to 80 percent of the
dieldrin, DDT, THE, beta BIIC, and toxaphene need each year tends
to reach the soil and persist until the next; 65 to 70 percent of the
methoxyehlor and delta BTIC: and 40 percent or less ol aldrin, ehlor-
dane, technical BIIC, alpha BHG, gamma BHC, and lindane. In
fact, only about 10 to 20 percent of these last were recovered in the
first 2 years, but the later recoveries suggested a higher rale of accumu-
fation than that.

A\t 80-percent persistence, the accumulation woutld level off at abont
£ timos the annual rafe of appbeation in about 20 years. At 70 per-
cent, accumulation will level ofl at abuut 214 times the annual rate in
about 15 vears; at 40 percent, it will level off at aboul two-thirds the
annual rate in 6 or 7 years; but with only 20-percent persistence, it
will level off at about one-quarter the annual application in about 4
years. Under other condilions muferially diffevent prospecls may
appear, as in column 2 of table 5. Figure 1 shows the concentrations
that would be present immediately befove the next succeeding annual
application.
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80 L R T R e e T A At M ety e

POUNDS PER ACRE ACCUMULATED
&
o
I

60%' retained

40% retained

13 4 8 12 16
YEARS APPLIED
Freure 1.—Culewlated amounts of insceticide nccumulated in soil following appli-

cations of 10 pounds per acre per year, assuining 40-, G-, 80-, and Y-percent
pevsistence anuually.

ACCUMULATIONS OF INSECTICIDES IN PLANTS

Determinations of organic chlorine were made in samples from one
crop each of turnips and beans grown in 1954 on these exploratory plots
at Beltsville. Turnips showed no organic chlorine within limits of
error of the method. Snap beans showed none from the plots treated
with aldrin, methoxychior, or lindane. Lessthan 0.1 p. p. 1. was found
in those from the toxaphene treatments, 0.9 p- . from the TDE
treatments, and 0.3 p. p. m. from the heavy dieldrin treatments. In
beans from the light treatmonts with chlordane, 0.5 p. p. m. of organic
chlorine was fouad, but none in those from the heavy-treated plots,
thus raising some question about the validity of the figure just given.

A few samples of garden peas from the plots receiving different
isomers of BH(C were analyzed for the respective isomers.  Amounts
0f0.1tc 0.2 p. p. m. were found.

TASTE EVALUATIONS

Turnips from the coldframes in 1954 (see tables 8 and 4} were
rated for quality. Roois from control plots scored 4.6 out of 1 pos-
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sible seore of 5. Turnips from plots treated with vavious indicated
substances scored as follows: Purified gamme BHC, 2.9; commercial
lindane, 2.4; technieal BHC, 1.7, All roots {from these treated plots
showed significant off-flavor and Jow acerptability.

COOPERATIVE EXPERIMENTS, BELTSVILLE, MD.

CROP RESPONSES

Since the G- by 6-foot plots established in quadruplicate in 1951
vielded relatively precise and significant crop data, the results ave
presented in detail. The Grst five test crops grown were all heavily
spraved with inseeticides, and the sixth crop was not sprayed. Table
S shows that significant’ differences occurred among treatments in
eacl crop excepl peas,

It appears fhut oats was somewhat sensitive to all the substances
used, especially to heptachlor, BITC, and toxaphene. Spinach grown
on the same plols was very lhighly sensitive (o BIIC. Toxaphene,
heptachlor. and Dilan also depressed growth of spinach significantly.

Yields of pods of garden pea, grown as the second crop, were not
afleeted signiticantly.  Yields of total tops of peas when no spray
was upplied ditfered signiticantly from the control, The yield of the
BLIC plots, however, was significantly below the yield of some of the
other troatments that weve slightly ahove the control.

In the thivd erap, suap beans, yiclds of neither pods nor total tops
of any treatment were significnntly below the control. The BHC
{reatment, however, gave (he lowest yield of pods and chlordane and
RTLC the lowest vields of total tops. Yields from several freatments
were significan{ly Jower than the highest obscrved n this crop.

Radish was significantly injured by every treatment, and especlully
se oy BIIC, Dilan, toxaphene, und heptachlor. This was true for
botl rools and total plunts,

The fifth cvop grown, rye, was very seriously injured by BIIC and
also siguificantly injured by Dilan, ¢hlovdane, and heptachlor in
descending ovder of severiiy.

Adein, dieldvin, isodvin, and eadrin were intermediate i eifect
on those crops susceplible to all treatments by spraying.

TTeavy sprays of BIC teud to produce some divect injury to foliage
of seusitive crops, but the plants usually outgrow it.

The sixth crop, earrot, was grown without spraying in order to
dotermine effeets of soil accumulations of insecticides free of any
effecls of folinge applieations.  Untform stands and growth within
frentments resulted in annsuatly Tow crrors. As in the sprayed evops,
teclmieal BTLC plots vielded the Teast, significantly below the controls.
Pure aldein, endrin, heptachlor, wd toxaphene vesidues slightly and
significantly depressed root yields. — Technieal aldrin, heptachlor,
chiordane, endrin, and toxaphene slightly depressed yields of totat
Mants significantly bul not the voot yields. ‘Thus, the aecunniative
yarnin] offeet of residues of most of these substances on growth
of earrot ix meagnrable. '

Following an auiumn cover erop of Abrnzzi rye that was inadvert-
ently given a double {reatment and then tuened under in Janoary, a
second crop of spring carvots wus grown in 1954,
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Tasie 8.—dccumulative applications of certain insecticides and their effects on growth of oats, spinach, peas, snap
beans, radish, rye, and carrot, outdoor frames, Beltsville, Md., 1951-5,

Accumulative total insecticide applied per acre to foliage and yield per plot of crop shown'!

First crop Second erop, pea Third erop, bean

Insecticide applied
Yield of— Yield of— Yield of—
Total in- Total in~ Total in-

secticide (3 secticide . secticide
Oats Spinach Pods Total Pods Total

tops tops tops tops

Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
Aldrin, pure i 10 9. 9* 3.3 -20 5, & 30. 2 30
Aldrin, technical . ] 10.1 3.9 5 30

9. 84 é 30
Heptachlor 9, 14 0* 60
Chlordane 11. 4 60
Isodrin . ! 10, 1 30
i 9. ¢ 30
10. 3

60
BHC, technical 9. j
Toxaphene_ . 8.
None 12.

Pounds Poun(és

NI ~JOWSI NN

H OIS IO O
SO0 O = U D e G
SCOUWW N E=OtD D
SNSNO®PSR NN

6
5
3k
5%
1%
1

L.8.D. at 5-percent level

O} FR, wssew

8

.t

See footnotes at end of table.
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TasLE 8 —Accumulative applications of certain insecticides and their effects on growth of oats, spinach, peas, snap
beans, radish, rye, and carrot, outdoor frames, Beltsville, Md., 1951-64—Continued

Insecticide applied

Accumulative total insecticide applied per acre to foliage and yield per plot of crop shown

Fourth crop, radish

Fifth: uiop, rye

Sixth crop, carrot?

Total in-
secticide

Yield of—

Roots

Total
plants

Total in-
secticide

Yield
of tops

Total in-
secticide

Yield of—

Roots

Total
plants

Aldrin, pure
Aldrin, technical
Dieldrin

BHC, technical
Toxaphene

Pounds
40

HO NG NSNS
S (]

Pounds
12. 0%
11,
1.

0.
8.
11,
11.

Pounds
45

Pounds

L. 8. D. at 5-percent level
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(Eighth crop, carrot 23 Ninth crop, beans ?

Insecticide applied Total insecticide Yield of— Yield of—

Roots Total plants Pods Total plants

8——980—=T10088¢

Pounds Pounds Pounds Pounds Pounds

13.
15,
13.
13.
16.
14,

Aldrin, pure
Aldrin, technical
Dieldrin
Heptachlor
Chlordane

[SRen
~ D

49,

BHC, technical
Toxaphene
None

¥ ¥

= Lo D Gt
HNOOHOWN
PNOTNNNWS IS

L. 8. D. at 5-percent level

1 *=significant at. the 5-percent Jevel,
2 No inseeticides applied to this crop.
! Seventh crop was rye, sprayed double the usual quantity of insecticide, and turned under i January,
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Comparison of the two crops of carrots {table 8) shows that severai
of the nsecticide residues that significantly decreased yields of roots
or total plants of the first crop did not significantly reduce such yields
in the second crop. Yields of roofs and total plants were reduced in
the latter crop only by technical BHC and by toxaphene. Ieptachlor
and chlordane, used at the same rates as technical BIC and toxaphene,
appeaved again to depress yields somewhat but not significantly.

The greafest depressions in yield were less than 20 percent below
the controls bub were significant by virtue of a nice degree of pre-
cision; the least significant differences for both crops ol carrot roots
were approximately 10 pereent of the control plots.

ACCUMULATIONS OF INSECTICIDES iN SOIL

Table 9 shows the pereentages of the several insceticides found in
the soil 1, 2, and 3 years after starling treatments, together with
accumulative amounts of eacl applied befove each sampling.  Soil
samples were taken each autumn.

Tor reasons not clear, the amounts of endrin detected are i some
doubt; they are surprisingly high, 106-percent recovery ot the com-
pound in the first 2 vears. Although possibly in error, these values
sugrgost very high stability and tendency of endvin to accumulate.

Dieldein, Dilan, nad toxapliene are next most persistent, showing
aboul 50-pereent recovery alter 3 years. Isodrin and heptachlor also
seem rather highly persistent, witlabout 35 percent remaining.  BHC,
as in other instanees, clearly nccimulated the Teast, with about § percent
remaining,  Aldrin and chiordane are intermediafe, with about 18
percent showing up after 3 yewrs.

"Tanze Q—Insecticides remaining in soil after folinge applications to
successive crops in outdoor frames, Beltsuville, Md., 195154

Hecovery of organie chlorine from seil ! in pereenfage
of total pounds applicd per acre of material in—

i
Tnsectieide applicd 1 year ‘ 2 years 3 years

| I
. PAamennl; . Amounti o, Amount
'].ot_all rennin- _TO{.‘I,I. remnin- | | '[‘Ol.‘ﬂl Temain-

appliec ing 2 applied g 2 applied ing 2
_' . !

Pounds Percen;’z I Pounds | Percent | Pounds | Pergent
Aldrin, pore. oo --- 4 32 45 17 35 17
Aldrin, technieal o . 40 2 46 A48 20 Ga i
Dieldrin_ oo ; 40 72 45 Gg 65 ;?
Tsodrin. e eee e aaad 10 16 15 5% 85 33
Bndrin. o o oo i 44 164 ¢ 15 100 G5 73
Chlordumt . o o oo oe e ) 36 i6 | 90 20 130 17
Meptachlor oo S0 23 1 96 33 136 as
BILC, lechnienl. . _._. : 80 7 a0 5 130 5
Toxuphent oo neena : 30 50 i Y 06 130 53
Dilan e 80 46 ! %0 40 i 130 48

1 Calewlated as reprosentiing mixinre t the surfaes O fnelies, the depth to which the beds were thoroughly

worked.
2 Percentage of amount appiled.
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A smooth curve of the residues accumulated eannot be expected for
any substance because of the irvegnlar applications. The excessive
dlosages in the antwmun of 1953 could upset a smooth trend,

ACCUMULATIONS OF INSECTICIDES IN PLANTS
Snap Beans

In the summer of 1952 Stringless Black Valentine heans were grown
on the plots set np in 1951 (see thivd crop in table 8) and sprayed four
times as were preceding evops.  Alter the thivd spraying bean pods
were harvested from certain rows of two replicates for organic chio-
rine determinations. There was the possibility of divect absorption
of some of the chemicals ns applied to that erop during its growth as
well as uptake of such chiemicals or theiv decomposition products from
the soil.

Upon annlysis, the heans from the toxaphene plob showed 0.6 .. .
organic chlorine.  Beans from plots treated with aldrin, dieldrin,
isodrin, endrin, chilordane, heptachlor, and Dilan showed no sionifi-
cant difference from these of the control plols.  Beans from the BHC
plots were not analyzed.

Entire pods from the =une plots were subjocied to bioassay by
I P Lang of the Tood and Drug Administration.  1louse fies were
exposed to petrolenmt ether extract residues. No insectieide was
detecled in extracts of pods from plots treated with chlordane, hep-
tachlor, toxaphene, or aldein. Results from other trealments were:
Endrin, 0.13 p. p. m.; BIIC, 030 p. p. m.g dieldrin, 0.08 p. P om.;
isodem, 0.0F p. p.omi. The amounts found eonld weil have been resi-
dues on the suriace {ollowing vecent spraying,

Garden Peas

Similar bioassay wus made of shelled peas from a crop sprayed 4
times following proceding crops that ]md received 4 sprays (see sec-
ond erop in table 8). Sumples from all treatments except BITG and
Dilan were analyzed and alf results were negative.  According to the
methods used, the undefecied insecticides eould not have heen present
i amounts greater than 0.02 p. p. m. of aldrin, dieldrin, or hep-
tachlor; 0.06 p. p. m. of isadrin, 0.6 p. p. m. of chlordane or toxaphene;
and 0.12 p. p. m. of endrin,

Carrots

Table 10 shows the apparent tnsecticide content of carrot roots and
bean pods in 2 suecessive veurs, togefher with the amounts of insceti-
cide applied Lo preceding ¢rops. The values ave caleulated from tofal
organic chlovine found in oxcess of that in carrots from untreanted
plofs. Tt is not clear why the equivalent amonnts of organie chlorine
found in the roots were generally much lower in 1954 than in 1953,
although the concentrations of erganic ehlorine in the soil were about,
the same in both years.  {See possible explanation on p. 4.)

Samples of carrot were also analyzed in 1034 for aldrin by the
phenyl azide-photometrie method, for dieldrin by the veduction-
phenyl azide-pholometric method. and for isodrin and dicldvin by a
film-exposure bionssay method emploving pomace flies. By these
methods less than 0.1 p. p. m. of technical aldein was fonnd, 1.7 p. p. .m.
of dieldrin, 0.7 p. p. m. of sodrin, and 3.0 p. p. m. of endrin. The
values were very close to those shown in table 10.
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TasLe 10.—Apparent insecticide content of soil end of carrots and
beans followng repeated heavy spraying of preceding crops wibh
insecticides, in open frames, Beltsville, Md., 1951-54

1953 1954
Insecticide applied .
to preceding crops, Recovered Recovered
1051-53 Amount Amount
appliedt 1, Ta  [rppliedd oy, In In
soil | ecarrots gnil | carrots| heans
P op.o|P g |Pop.om|P.op.om [ Pop.om|Pop. ml] P op.om.
Aldrin, pure. ______. 15 2.5 1.3 2L7 a0l 06 o ___
Aldrin, technical._._ 15 4,3 7 21, 7 A1 .15 0
Dieldrin. oo .. 15 10. 3 10.8 2.7 1 2.3 0
Isodrin . ____. 15 8 8 1.3 217 71 .3 0
ISudrin_ oLl 15 15. 8 4.0 21,7 16. 9 3.0 0
Chlordane. o oo oeoooo 30 G.0 4.1 43, 4 7.5 .8 0
Heptachlor. o ... ____ 30 10. 0 4.0 43, 4 16. 5 5. 2 &
BHC, teehinieal___ _. T g2 43| 149121192 5.8 | 14.2 Q
Toxaphene_ ... ... 30 199 6.2 | 43.4 3.0 .G 0
THban_ oo 30 12,1 56 43, 4 20, & 2.1 0

P Aceminilabive total equrivolent in parts per million of surce 9 Inches of sotl,
1 Total Bsomers applied io techuieal BLHC,

In observing the effeets of the npplications of insecticides to pre-
ceding crops upon the caleulated content in the carrot roots two points
must be kept in mind: {1} The dosages were applied at exaggerated
rates to obtain rapid accumulation of residues; and (2} the apparent
content of insecticide of both soils and carrvots is calculated from the
analytical figures for organic chlorine, not the specific insecticides
determined as such, unless so specified.

Aldrin and isodrin stand out as apparently contributing to very
little uptake of chlorinated substances by the carrots. Applications
of all other insecticides, however, uppear to result in relatively large
amounts being absorbed. BIC is noteworthy because it resulted
in o concentration of organic chlorine in the roots far greater than
that in the soil. The plant seems to have an aflinity for BHC or some
of its decomposition products.

TASTE EVALUATIONS

It has been observed elsewhere ® that the flavor of produce of many
plants is readily contaminated by BBHC in the soil, even the flavor of
fruits and seeds that develop well above the soil surface. The adverse
elfeet of BIIC on quality of root crops is well known. The United
States Department of Agriculture does not recommend the use of
BTIC on any vegetable crop.

"RosweLL, V. R., Crorg, W. I, I'ureek, I3 B, and cthers. EFFECTS OF CERTAIN
INSECTICIDEE IN SOIL UPON CcRoP PLanTs, U 8, Dept. Agr. Lech. Bul. 1121, 59 pp.,
illus. 1955,
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Table 11 shows that only the samples of carvots and beans from the
BHC-treated plots weve rated sigmificantly different from the con-
trols or from other trentments. Both flavor and general acceptability
of those samples were very poor. In 1953 a marked degree of bitter-
ness was noted In carvots from the control plots and the treated plots
except those receiving BIHC. In the BH(IJ lots bitterness may have
been masked by the musty flavor of BHIC. Sixty percent of the judges
noted hitterness in the controls. Bitierness was delected in samples
from treated plots {except BIIC), ranging from 65 percent of the
judgments for dieldrin down to 35 percent and 40 percent for purified
and technienl aldrin, respectively. It is possible that this generally
oceurring bitterness amd only fuir to poor quality in the crop as a
whole may have mnsked minor differences associafed with treatment,

In addition to the general bitterness, which was probably not related
to treatment, a variety of other nndesirable flavors was described in
judgments of sainples from all trentments except those involving tech-
nieal BITIC,  Judgments of any one deseribed off-flavor were too few

Tasre 1.—FLffect of soil residues of certain insecticides on flavor and
general aceeplability of earvols and beans, outdoor frames, Belts-
vitle, Md., 1953-34

shaown |

i
I Meanseore for flavor and aceeptability of erop in year
|
i

Insceiicide nsed on Flavor? Coneral aceeptability @

preceding crops

1043 1054 1853 1954

' Carrot Carrol Bean Carrot | Carrot @ Iean

Aldrin, teehnieal oo ___. :
Dieldrin :
Tsodrin_ o oo i
Endrin

OO 1O 1O

Heptaehler oo
Methoxveldoro o_L L. .
T

nntT

BHC, teehnienl

Lindane

Taoxaphene. ..

Dilan ... ... .
NOWe ..o we oo

I8, 10, al 5-percent level-i a9

tr=signifleant ot Spereent levet, i

* 5 indicates no oil-tavor; 4, pereeptille oll-Muvor; 3, slightly strong; 2, moderabely strong; 1, very steong
olT-Navor, .

13 indieales very good; 4, poodd; ¥, fir; 2, poor; 1, very poor general aeceplabilicy,




24 TECHNICAL BULLETIN 114%, U. 8. DEPT. OF AGRICULTURE

and inconsistent to be statistically significant except those of BHC,
where an earthy or musty flavor was reported in 90 percent of the
judgments. Similar flavors were reporied in only 1 to 25 percent of
all other judgments, and o green or raw taste in 10 to 30 percent of the
judgments.

COOPERATIVE EXPERIMENTS, STATE COLLEGE, MiSS.

CROP RESPONSES

Insecticide applications to the first erop (1951) grown at State Col-
lege, Miss., were all light except in the instance of the 12 percent BIC.
Through inadvertence, 17 pounds of gamma BFLC per acre was applied
instead of 5 pounds. To avoid getting the accumulation on this treat-
ment further out of line with its companion at 6 percent, the next 3
applications were omitted. After the frst crop the applications of
Leptachlor, chlordane, Dilan, toxaphene, and DIYT per crop were in-
crensed, ns shown by the ditferences between columns 2 and 4 in table 12,

Of the treatments shown in table 12 none produced any significant
effects on yield of the first erops of snap beans and of turnips, respec-
tively. In the third crop, Southern peas (Iigna sinensis), therve
were no significant effects on pod yield, but the weights of plants with-
out pods were reduced by ehlordane, isodrin, BIIC, awd DT, The
total plant weights were signifiecantly veduced by all treatments except
by toxaphene and dieldrin. It is not clear why the effects were so
severe on peas, since the same treabments on the sane species the
following year did not reduce total plant weights in any instance.
In this latter crop, however (the fifth grown and sprayed), dieldrin,
chlordane, and endrin significantly depressed yvields of pods.  Turnip
¥ields were not nflected m any of 3 years they wore grown despite the
considerable {otal applications of some of the insecticides.  ‘I'he yields
ot sweetpotatoes were not significantly affected, although yields of the
BITC plots receiving large nmonnts of other isomers in addition to
gamma isemer were noticeably lower than the cheek or other treated
plots.

In the first crop of snap beans DDT sprays slightly injured the very
voung pods in alf replieates.  Chlordane prodinced moderate injury in
two veplicates, and isadrin and endrin praduced slight injury in one
replieate cach.  No noticeable divect spray injury oceurred later.

ACCUMULATIONS OF INSECTICIDES IN SOIL -

The pereentages of the several insecticides remaining in the soil
at this southern loentton after 2 yewrs of spray applieations were strik-
ingly less than those b Beltsville. The State College values (table 13)
averuze only about half to a third as great as those at Beltsville for
roughly comparable periods of sampling,

After 9 yenrs, apparently only negligible quantities of the BHC
reached the soil and remained.  About 25 pereent of the endrin, toxa-
phene, and DIYE vemuained, and 10 te 12 percent of the other
substances.
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TasLe 12.—Accumulative applications of certain insecticides to foliage and theip resz'dual_g]feots on growth of tur-
nps, snap beans, and Southern peas, State College, Miss., 1951-54

Insecticide

shown

Accuniulative total insecticide applied per acre to foliage and yield per plot for crop-and vears

1951:

Snap

beans!

1952

Turnips?

Southern peas?!

Snap beans !

Total
insec-
ticide

Yield ¢
per
plot:

Total
insec-
ticide

Yield 3
per
plot

Total
insec-
ticide

Yield per plot

Pods

Plants

Total

Total
insec-
ticide

Yield per plot

Pods

Plants

Total

Heptachlor

BHGC, technical 6 percent*
BHC, technical 12 percent
ToxaphLue

Tilan

Pounds

TSI S IO O OOt Ut Ot Ot

Pounds

Pounds
10

Pounds
51

Pounds
15
15
15
15
45
45
16
517

Pounds
2

Pounds
16. 2
18.

14. 6

16.
14.

Pounds
19. 1*
21.9
17. 5*
19.
17. 6
19.
19.1
22, ¢
20 ¢
19.
18.
23.

Pounds

COLININ I PO ORI B3¢

Pounds

ww

Pounds
4

Pounds

3.7

—
LR PO AIWNINN IO W

] RSP W PO NGO
N OIWOBIOO~I—~w

N enosinEonaooN
(e} WOOLDOWUID = ~J O =D

See footnotes at end of table,
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TABLE 12.-—Accumulative applications of certain insecticides to foliage and their residual effects on growth of turnips,
snap beans, and Southern peas, State College, Miss., 1951-54—Continued

Accumulative total insecticide applied per acre to foliage and yield per plot for erop and years
shown

1954: Sweetpotatoes 58

Insecticide Turnips! - Southern peas!

Total
Yield per plot insecti-
Total in- | Yield? per | Total in- cide
secticide plot secticide

Pods Plants Total

Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds
: 4 4, :
6% :
9
9*
Chlordane 6%
Heptachlor
BHC, technical 6 percent4._-
BHQ, technical 12 percent 4._
Toxaphene :
Dilan

= U1 O 000 LI DI L0 e D =]
WOOOONTQOUY

PNNSNSNOIRN
SN OOUM NN I W

L: 8. D. at 5-percent level ____|. L9

FUALTIADIYHV d0 "IdAd 'S 0 ‘6511 NILETING TVOINHOAL - 9F

i Sprayed. *=Significant at 5-percent level. 2 Entire plants. 3 Tops of foliage turnip.
+ The 6 percent BHC contained 44 percent isomers other than gamma and the 12 percent BHC contained 18 percent other isomers.
§ Not sprayed. ¢ A preceding crop of beans, not harvested, was sprayed.
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"TaBLE 13.—d coumulation ?f insecticides in s0il following foliage appli-
cation ai accelerated rates, State College, Miss., 1951-563

Recovery of organic chlorine from soil, in per-
centage of total pounds per aere of materinl
applied, in—

Insecticide applied 1952 1953

Total Amount Total Amount
applied | remaining | applied remaining

FPercent Pounds Percent
15 35
45 35
30 35
45 35
18 125
23 125
17 248
i3 80
41 1al
23 125
49 65

! Applied 08 6 percent gnmms and 44 Dereant other lsomers.
* Applled us 12 percent gamma and 18 percont othor Bomers,
1 Noue spplled since origina) excessive application.

ACCUMULATIONS OF INSECTICIDES IN PLANTS
Turnips

Tarnips from the plots at State College were analyzed for aldrin,
dieldrin, isedrin, and endrin. None was found within the limits of
error of the methods used, agreeing with the results on turnips at
Beltsville. Organic chlorine determinations revealed less than 0.1
g. p- m. of insecticide equivalent as total organic chlorine in furnips

rom plots that had received Dilan and the high-gamma BHC;

0.9 p. p. m. in those from low~ianm1a. BHC and chlordane treatments;

L0 and 1.1 p. p. m. from toxuphene and heptachlor plots, respectively ;
and 2.6 p. p. m. of organic chlorine from DDT plots. Turnips from
these treatments were not analyzed for the specific insecticides previ-
ously applied, so it is not known how much, if any, of those substances
were present In the plant tissues.

Sweetpotatoes

Total organic chlorine was determined also in the marketable gweet-
potatoes produced in 1954 and caleulated to equivalents of the specific
insecticides used. Less than 0.1 p. p. m, was found in reots from the
aldrin and isodrin plots, only 0.6 p. p. m. in those from the high-gamms,
BHC plots, and 1.5 p. p. m. in roots from the Dilan-treated areas,
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Roots from all other treatments contained relatively high equivalents
of the several insccticides defermined ns organic chiorine. The results
in parts per million of organic chlorine from the yemaining freatments
were: Dieldvin, +.3; cndrin, 7.3; heptachlor, 7.3; toxaphene, 11.6;
DDT, 15.6; and chlardane, 20.6. Some ot these values appear exces-
sively high in view of the low recoveries of organic chiorine from the
soil. " ‘Phey do indieate, however, the very real possibility that sweet-
potatoes may absorb undesienble quantities of zome of these chlori-
nated hydrocarbons or their decomposition products.

TASTE EVALUATIONS

Taste tests of a simple empirics] nature were conducted on baked
sweetpotatoes from the several treabments at State College. No
definite off-flavors or olt-odors were consistentiy detected, aithongh at
one tasting session the voots from the BIIC plots had a slight oft-
flavor. AL n second session no diflerences were nofed.  Fhnding roots
that were definitely ofl-flavered from the plois treated with low-
gamma BHC would not have been surprising, in view of past experi-
ence elsewhere.

COOPERATIVE EXPERIMENTS, NEW BRUNSWICK, N. J.
CROP RESPONSES

Table 14 shows the response of Stringless B3lack Valentine beans to
frequent and continued spraying with 13 insccticides and to any resi-
dues thereof in the soil. In addition to the basie list of substances
(see p. 6}, lindane, DDT, TDE, and mulathion were included. The
applications of aldrin, dieldrin, isodrin. emlrin, RIIC, lindane, DT,
and TDE were at 1 pound per acre per application, much hghter than
those substances were applied at Beltsville (see table 2). Ileptachior,
chlordane, Dilan, and malathion were applied at 4 pounds and toxa-
phene at 3 pounds. u litfle heavier thun the rate at Beltsville. Neither
immediate nor accumnlative eflects of the lighter applications would
he expected to be as marked as at Beltsville.

In the first, second, and fourth crops, plots variously treated with
endrin, toxaphene, Dilan. and malathion produced significantly
greater yields of pods or plants (after removal of pods) 1 or 2 times
Phan did the controls. Since there was no consistent pattern to these
superiorities it is not ¢lear whether or not they were merely fortuitous.
Pod yields were not significantly increased.

Tn'the first bwo crops no insecticide treatment significantly depressed
yield of either pods or plants, but in both the third and fourth crops
technical BHC significantly depressed yields of plants with pods.
In one year this difference was cansed mamly by lower yield of pods,
in the other years by lower yvields of planfts minus pods. Lindane
depressed pod yicld in the third year. Again in the fifth crop (table
15} technical BIIC significantly lowered yields of plants plus pods
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and also pods and plants separately. Thus, it appears that the accumu-
lating residue plug diveet application of technical BHC was produc-
Ing progressively more harmtul effects.

In the nonsprayed crop of beans the residues of BHC, DDT, and
TDI in the soil tended to decrease vields of pods and weights of
plants but only the dillerences due to BIIC were significant.

There was no marked tendency for the residues to impair yields of
carrol yoots. Top prowth was depressed slightly by chlovdane.
isodrin, and malathion, bit not significantly.  Lotal weight of carrot
plants was not significantly aflected.

Vields of turnip roots were Jower on the check plots than on any
of the treated plots, and top growth also was less on the cheeks Ehan on
any treated plots except those (reated with malathion. Phese yields
of the checks were significantly below those of most (reated plots. 1t
15 possible that an obseure inséet infestation occrred in the untreated
so1l and not in the treated soil, resulting in thesc differences.

ACCUMULATIONS OF INSECTICIDES IN SOIL

Lable 16 shows the nccumulative total amounts of the several insocti-
cides applied to the folinge of 3 successive erops of beans for develop-
ing residues in (he soil. 1t also shows flie percentage of the totul
chlorinated hydrocarbons applied that was recovered mn the autumn
ol 1954 by analysis for tota) eruanie chlovine.

The relutive persistence of the several insecticides or their chlorine-
bearing decomposition products is seen to be in reneral agreement
with results elsewhere in this work.  Only about 3 (o 10 pereent of the
BILG and lindane remained, 20 percent of the ald rin, isodrin, chlordane
and heptachlor: 30 to 35 percent of the Dilan, endrin, and dieldrin; and
48 percent of the toxaphene, DT, and TDI-.




TasLe 14—Accumulative applications of certain insecticides to foliage and their effects on growth of Stringless
Black Valentine bean, New Brunswick, N. J., 1952-53

0g

1952

Accumulative total insecticide applied per acre o foliage and yield per plot for crop shown'!

Insecticide : Spring crop Fall crop

Yield per plot Yield per plot
Total in- Total in-
secticide secticide
Pods Plants Total Pods Plants Total

Pounds Pounds Pounds Pounds Pounds2 Pounds Pounds Pounds
5 4 ] 1 : 6.

10, 8
7 12.3 12
4 12,4 12
4% 12
48

[N 1)
oS
*

Heptachlor
BHC," technical
Lindane
Toxaphene

*

[\l V)
OUciC O LI OUL TGO

S ft g P =y R
SO e SN ORI OO O &
INONSE S NSO,
NS N0M 00N NS 05w
CrOVCY rt oI h= O QU] =T T D
NS N0 N2 NI00 N NN N0
T NWN = WO OIQ0 - OT

y . pa
L0 NI LSO O ~Th) =

AJYALTIADIUOV A6 IdEd S A ‘6%11 NILETIQE TVOINHOAL

L. S. D. at 5-percent-level 2
L. 8. D. at 5-percent-level 3

O = mmwm;—:ﬂmowonxxceo

bmad Sk
no
e
[ R




19053

e o]

Dieldrin.. .
Isodrin,  cocwoceoi ool

n

g e

Chlordang .
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Malathion )
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-percent; level 2
-percent level 3

1 *=significant at §-percent level,
2 For comparisons among treatments,
¥ For comparisons between treatment versus no treatment,
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Tasre 15.—Accumulative applications of certain insecticides to foliage and their vesidual effects on _growth of
Stringless Black Valentine snap bean, Chantenay carvot, and Purple T'op White Globe turnip, New Brunswick,
N.J., 195254

1954

Aceumulative total insecticide applied per acre to folinge and yicld per plot for
crop shown !
Inseeticide -

Beans ? Beans 3
Total in- :
secticides

Pods Plants Total Pods Plants Total

Pounds Pounds Pounds Pownds Pounds Pounds Pounds
ALAPIN L L i e e : 5.6 5.0 10. 6
Dieldring e o e e 30 51 4, 2 9, 3
Ts0drin. oo e 30 6.1 4.8 10. ¢
Endrin : ; 30 6, 0 4. 6 10. 6
Chlordane . o e it et mr e e 120 6. 4 4.6 11.
Heptachlor e oo oo v i i o . 120 4, 8 . 8 8.6
BHC, teehnieal fo . oo oo oL 82 3.4 ‘ 0. 6
50176 O AT OOV TR L 30 | 3. 1 9. 4
Toxaphene ) 0. 3 11,3
11,

6.

4, { 8.

5 9,
10,

D
5 10.
3.4

2
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Carrots 3 Turnips 3
Total in-
sechicides

Inseccticide

Roots Tops Total Roots Tops Total

Pounds Pounds Pounds Pounds Pounds Pounds Pounds

30 4, 6. 4 7 9.
30 4, 6 10.

30 4, 10.1
30 5. 10,
120 4. 11,
Heptachlor, 120 5, 11,
BHC, technieal # 82 4, 10.
Lindane 30 5. 12
Toxaphene.. ... 150 4 10.
120 5. 1(1).

10.
9. ¢
7.

4,

0

P o e e, : .
Malathion B 5:
T N 5—

L. 8. 1. at 5-percent level 4 Q] (M
L. 8. D. at 5-percent level ™ ™
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I *=gignificant at the 3-percent level.

2 Sprayed,

3 Beans, carrots, and turnips grown simultanenusly and not sprayed, immediately following sprayed beans,
1 Potal isomers added.

5 For comparisons among treatmoents.

¢ For comparisons bétwepn treatment versus no treatment,

T Not significant.
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TasLe 18.—Acoumulation of insecticides in soil after foliage applica-
tions to successive crops of Stringless Black Valentine snap bean in
the field, New Brunswick, N. J., 1958-5},

Recovery of organie chlo-
rine from seoil in per-
centage of fotal pounds
per acre of material

Insceticide applied applied
Total Amount re-

applied maining !

Pounds Percent
Aldrin. oo 30
Pieldvin. 30 35
Tsodrin o e __ 30 20
Badrin_ 30 32
Chiordane. . __ . .. 120 21
Heptaehlor o oo o e ___ 120 23
BRC? e 22 1}
Ldndane . Lo . 30 G
Toxaphene. . 150 43
DT Bit) 44
T e a0 45
Dilan_ e _ 120 24

* Percentages of amount appdied that remained in the surface 6 inches of soil.
* Tatal isonters addoed.

DISCUSSION

In the cooperative tests the tendency for residues of all the insecti-
cides to accumulate under outdoor conditions was substantially greater
at Beltsville than at State College, Miss,, and a little greater than at
New Brunswick, N. J. i} is not known to what extent these differ-
ences were caused by differences in the soils, the climates, the time
of exposure on leaf or soil surfaces before being covered with soil, and
the experimental procedures. Each of those factors may have had
some effect. TFurthermore, in the cooperative tests at Beltsville the
tendency to accumulate was move marked on Congaree loam than in
the earlier design in coldframes on Chester loam. Sinee these two
tests were partly concurrent with no very noticeable differences in
weather among years, it is probable that soil differences were partly
responsible. éet'ta.inly it appenrs unsafe to predict how much of a
substance may accumulate in one district or in one soil on the basis of
results obtained in a very different place and on other kinds of soil.
Many years will be required for the gradual accumulation of a body
of evidence under o wide range of conditions before accurate predic-
tions can be made. In the meantime, in the absence of definite data,
it would seem to be wise to use the insecticides discussed here as though
they might accumulate at the move rapid rates observed.
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Since many workers had accumulated a considerable body of evi-
dence on the high tendency of DDT to accumnulate in the soil, DDT
was omitted from some of these tests in order to make room for newer
and Jess known substances. At the time these studies were started
there was much intervest in heptachlor, aldrin, dieldrin, and others of
that family in comparison with such substances as toxaphene that nre
normally used in much larger dosages.

For the control of many pests with aldrin, chlordane. or heptachilor,
recommended dosages are not likely to result in total annual applica-
tions in excess of 2 fo 3 pounds. For many pests annual use of insecti-
cides would be less, and for a few inseets it would be more. At 2to 3
pounds per acre per year and the probable rate of disappearance mmdi-
cated in this bulletin, it appears extremely unlikely that residues of
these 3 insecticides would ever accumulate in the soil to the extent that
they would impair growth of any crops included in the tests reported
here.

Less is known about isodrin and endrin than the other substances
studied, but they appear much more likely to acewmnulate residues
than aldrin, chlordane, and heptachior, with isodrin much less stable
than endrin. Tndrin, in these studies, appears thus far to tend to
accumulate to about the same degree as DT under some conditions.
While DDT is so persistent as to preseal a definite hazard as a soil
residue to growth of some crops under some conditions, the probable
common annual applications of isodrin and dicldrin are much lower
than those of DDT and theretore they will accumulate much slower
than DIYT on an absolute basis. Dieldrin appears to be more per-
sistent than aldrin but less persistent than endrin, and dieldrin also
will be used at & very low rate per acre.

In this study toxaphene has appeaved (o be a substance that may
accumulate to a considerable extent, only a little less than DHDT.
Evidence available a few years ago suggested to =ome workers ¢ that
toxaphene is muclh Jess stable than DIV Tt s, however, far more
stable than BYIC, lindane, chlordane, and related substances and
nearly asstable as DDT.  Furthermore. il 1s used at rates considerably
higher than BIIQ, lindane, and ehlowdane and therefore much Jarger
quantities may accumnlate in the soil following frequent and con-
tinmed use. ISven so, in this study (he soil residue accumulated was
rarely high enongh to harm the few nnsprayed test crops significantly.

BIIC preparations containing large guantities of isomers other than
the gamma isomer may accnmulate sufliciently to impair growth of
sensitive crops, but lindane properly used does not appear likely to de
so. 'Lhisstatement applies only fo crop growth.  Althongh BIIC and
lindane accumulafe to the least extent of any of these substances
studied, there is still some doubt aboul the probable effects of use of uny
BHQ preparation on the quality of rook crops grown subseguently on
fields that have grown BHC-treated crops.  Also, pound for pound,
BHCQC is perhaps the most generally harmiul to growth among t'lllc sub-
stances studied here.

* See footnote 3, p. 1.
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None of these reported results should be interpreted as assurance
that the edible parts of any particular crop will remain free of con-
tamination by such amounts of an insecticide or its decomposition
products that will accumulate in the soil.

Although considerable quantities of organic chlorine were found
in carrots grown on plots receiving most of the treatments applied to
preceding crops, a great deal of work remajns to be done to determine
definitely the safety or hazavds of such treatments in connection with
food plant production.

U, 3. AUYERNEEMT PRINTIMG QPFICE: |R0§







