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Effect on Truck Crops of DDT Applied
to.the Foliage
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= INTRODUCTION

DDT first became generally available for experimental use as an
insecticide in 1948, soon after ifs vemarkable cilectiveness in the con-
trol of certain insects allecting man and animals had been reported.
In 1943 and 1944 DDT was tested by various workers throughout the
country agninst a large number of crop pests. The results were so
outstanding that it became desirable to study the effect of the L.secti-
cide on the plants.

Experiments on the tolerance of truck crops to DDT were therefore
conducted at Beltsville, Md., from 1945 to 1948, inclusive. One or
more experiments were run on cach of the following crops: Snap
bean, lima bean, beet, cabbage, cantaloup, cucumber, onion, garden
pea, Irish potato, summer sguash, ITubbard squash, tomato, and
turnip.

2 Bubmitted for publleation April 25, 1051,
# Acitnowledgment is made to Vietor R, Boswell, Bureaun of Plant Industry,
Boils, and Agricutinral Engineering, for helpiul advice and assistance.
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The primary objective of the studies was to determine the dirvect
effect of DDT on plant growth and crop yield when applied to the foli-
age at different strengths and dosages. The DDT was applied as
sprays and dusts. The strengths and dosages and the number of
applications were the maximum believed necessary for seasonal con-
trol of the insects involved. Another objective was to determine
whether any of the DDT applied to the foliage is absorbed and trans-
located to the edible portions of the plants.

REVIEW OF LITERATURE

Nuwmerous reports have been made of applications of DDT dusts
and sprays to the foliage of various truck crops. Foliage injury has
" been reported in a few mstances. The New Jersey Agricultural Ex-
periment Station (§)° veported injury to squash, cantaloup, cucumber,
snap beaw, and tomato. While (9), in scinmavizing the results of field
experiments conducted in 1945 with DDT in seversl States, reported
injury under some conditions to squash, cucumber, and pumpkin by
DDT dusts. Bruce and Tauber (1) found {hat 3-percent DD'T dust
injured acorn squash and muskmelon, but net potato, cabbage, Hub-
bard squash, or Buttercup squash. In tests conducted by Dudley (3)
during 1944, 1945, and 1946, in which DDT dusts, and in one experi-
ment DDT sprays, were applied to 36 or more horticultural varieties
of truck crops m small ficld plots, folinge injury was observed on
several varicties of cucumber and squash.

GENERAL PROCEDURE
ExperiMEnTAL DESIGN

A separate randomized-block experiment with eight zeplicates was
conducted for euch cvop each year the crop was tested.  Each plot was
35 feet long and at least 10 teet wide with three to cight rows,

From two to four DDT preparations were compaved with a treated
check and somectimes with an untreated check in cach experiment.
The formulations, strengths, and scheduies of apptication were varied
according to the pests that ordinnrily need to be controlled on the
respective crops. Heavy dosages of DDT were tested so as to approxi-
mate the maximum dosuge for possible commereial use. Insects n
the treated checks were controlled by applications of rotenone, pyre-
thrum, cryolile, or tartar emetic. '

When infestations of the Mexican bean beetle (B pilachna varivestis
Muls.} or of other insectz developed or the DD-treated plots of an
expertment, all the plots in the experiment were dusted or sprayed with
rotenone. This precantion was taken to aid in the determination of
any direct elfects of DD exclusive of tiseet damage.

Curturar MeTiops

The crops were grown in cither of two fields wesl of Liitle Paint
Branch on the Novth Farm of the Dlant Indusivy Station nk Beltsvilie,

8 Ifalic numbers In parentboses refor fo Lilevalnre Cited, p. 20,
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Field A was on a hillside, and the soil was an association of Delanco
and Gibbstown loamy sand about 9 inches deep and with good or exces-
sive drainage., Field B was on 2 lower terrace along the branch,
and the soil was Codoris silt loam about 10 or 12 inches deep, imper-
fectly drained internally but with good surface drainage. Overhead
irrigation was used in both fields as needed.

The beets, eabbage, oniens, peas, tornips, lima beans, and the 1945
plantings of snap beans and pofatoes were in field A. The other
plantings of snap beans and potatoes and all the plantings of tomatoes,
cucumbers, cantaloups, and sguash were in feld B.

Conventional methods of soil preparation were used, and approx-
imately 1,000 pounds per acre of 5-10-5 comunercial fertilizer was
worked into the soil befove caeh cvop was planted.  Ground dolomitic
limestone was applied when required. Seed wus sown with u single-
row garden planter; squash, cucumber, and cantaloup were planted by
hand in hills and covered with a hoe: transplants were set out by hand
and watered whean necessary.  Flat enllure was practiced throughout,
excepl that potatoes were vidged shghtly at the late cultivations.

The number of rows and the distances between rows and between
plants ov hills for each of the several crops ave shown in table 1.

Tanne 1.—Plol date for studics on the effect of DDT on wegelable

Tistance bebween—

ows per

plot Plants or

Rows hills in rows

Number Feel
Bean, lima
Bean, snap

1
fas
B~

o
1

[E=TR - RN Ay SR

Cabbage
Cantalonp
Cucumber

Squash, summer and winlero ... .
Tomaute
Turnip

B A e o 28O R i i b e

b3

TUnless otherwise indicated. plants frem the ouiside vows of each
plot and those within 5 feet of each end were excluded from the vield
records.  Because of the shortage of manpower in 1045 and 1946, it
was impossible to havvest each of the fest erops often enongh to obtain
produocts of the best market quality. Iustead of suceessive pickings
of bean pods, cucumbers, and cantaloups, potlings of heets and tarnips,
and euttings of cabbage, each of these erops was allowed to matare
a little beyond market stage and a single harvest was made.  Bucces-
sive harvests of tomafoes und squash were al Tonger than normal inter-
vals and some of the produce was nvermature,
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All quantitative data were analyzed by the variance method for
randomized blocks, and least significant differences were ealculated
wherever indicated.

MATERIALS AND EQUIPMENT

When this worl was beaun in 1944, little wag known about the dos-
ages or formulations of DDT' that might be required to control a par-
ticular insect affecting plants. From 1945 to 1948 the methods of
manufacture and formulation were undergoing change, and as knowl-
edge was nequired dosages or formulutions applied to the several
crops were nlso changed.

The DDT dusts were prepared {from commercial 10-percent DDT
except in 1543, when some of the dusts contained about 20 percent of
DDT. When necessary, pyrophyllite was used for further dilution
in 1948 and tale from 1946 to 1948,

The suspeunsion sprays were prepared from commercial wettable
powders containing 51.8 percent of DDT except in 1843, when the
simple 10- to 20-percent dusts were nged, without wetting agents,

The emulsion spray was prepared from refined DD dissolved in
vylene and emulsified with volyethylene glycol phenyl iscoctyl ether.

The eryolite, tartar er.etie, and sulfur were well-known standard
gradles.

The pyrethrum dasts used in 1945 weve preparved Lrom ground pyre-
thrum flowers containing 0.07 percent of pyrethrins; the dusts used
from 1946 to 1048 were prepared from ground flowers containing about
0.8 percent of pyrethrins, “Lhe diluents weve the same as those used
for DDT. The pyrethrum sprays were prepared from an alcoholic
extract containing 2 percent of pyrethrins.

The rotenone sprays vsed in 1945 were prepaved from 2 cube powder
containing 4.7 percent of votenone and 16.0 percent of tota® extrue-
tives; in 1946 the cube powder contained 5.9 percent of rotenone and
2(1.9 percent of total extractives;in later years the cube powders ranged
within these limits.

The rotenone dust used in 1943 was commercially prepared from
cube and contained 1.1 percent of rotenone and 3.1 percent of total
extractives. The dust available in 1946 contained only 0.75 percent
of rotenone and 2.8 percent of total extractives, and tlint used in later
years contained about 1 percent of rotenone and 3 porcent of total ex-
tractives. The diluents were the same as those used for DDT. The
undilufed cube powders were used in preparing the rotenone-DDT-
sulfur mixture applied to beans in 1947 and 1948,

The fungicides used Quring the d-year (est period were dusting sul-
fur, ferbam, tribasic copper sullate, Lordeaux mixture, and zinchb.
Commercial preparations were nsed as recommended by the manu-
facturers.

The details of each formulation and the quantities of dust or spray
applied per acre ave given in the varvious tables.

The dusts were applied with hand dusters of the rotary or fan type,
a separate dnster being used Tor ench kind of insecticide.  Applica-
tions were made between 6 and § a. m, belore the dew evapornted or
winds arose. The sprays were applied with a gasoline-powered
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sprayer of the wheelbarrow type at a pressure of 225 pounds per
square inch. The number of applications for the season ranged from
two for the peas to nine for the squash. Most of the applications were
made at intervals of 7 to 10 days, but on squash the fist few were made
at 5-day intervals.

CHEMICAL ANALYSES

Tor the study of DD resicdues and the possible absorption of DDT
by vegetables and traunslocation into the edible portions, random sam-
ples of the vegetables were taken from cach replicate and pooled to
malke o composite sample for each treatment. ‘Lo permit determina-
tions of approximately 1 p. p. m. to be niude with reasonable necuracy,
a subsample of 2 to 3 ltg. {green weight) of the composite sample was
used for each analysis. The resulls were caleulated on the basis of
ereen weights, Buiky wet materials were fivst dried at 50° to 60° C.
with a very slow air current, and then stripped or extracted with ben-
zene in a tumbling muachine for at Jeast 1 hour,

Aliquots of the benzene solutions were then analyzed for organic
chlorine according to Umbhoefer’s method (7). Determination of
iomic chlorine was made by clectrometric titration with silver nitrate.
The quantities of DDT were ealeulated from the quantities of organic
chlorine found on the treated samples in excess of that found in the
checks, Quantities less than 1 p. p. m. weve considered unmeasurable,
and in this bulletin are so indieated, or sometimes referred to ns traces.
Confirmatory tests by the colovimetriec method of Schechter, Pogorel-
skin, and Haller (6) were made in some cases.

EXPERIMENTS
Beaxs

Snap beans were tested in 1943 and 1246 and lima beans in 1947 and
1948. The snap beans were planted about the middie of May, and
the lima benans about the frst of June, The fivst insecticide applica-
tion was made when the plants were 8 to 12 inches high. Rotenone
spray was applied to all plots alike, as needed for the control of the
Mexican bean beetle. Harvest was delaved until 10} to 15 pereent of
the pods were well beyond the best market stage bnt not yet ripe or
dry. The insecticide treatmeuts. the varieties tested, and the resuits
of these tests ave given in table 2.

With the varicties und dosages used there was no clear-cut evidence
of either stimulation or depression of growth. There were no signifi-
cant differences in yields except in 1948, when the yield of Stringless
Green Tod snap beans in the DIDYP-treated plots was significantly
greater than in the untreated check plots. This increase in yield
may have been due in part to better control of the potato leafhopper
{Empouscn fabae (Harr.)).
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TABLE 2—Fffect of DDT dusts and sprays on yield of beans,
1945 to 1848

Dosage per aerc

Material and slrength (pounds per 160
galions of spray or pereent of dust)

Tnseeli-
ciele nix-
ture per
applies-

tion

i
AQUNTIFUIL SNAT HEANE IN HH5 {5 APPLICA-
FIGNS)

DoDT:
2.5 percetth. L e i
a poereent
0. ‘i?llil)) (10-percent dust 4 1b.) plus ferbam

Pyrethring 0.15 pereent plus suifur 30 per-

STRINGLESS GREEN 1'OD SNAP THANS 1IN 106
t APPLICATIONS)
nnRT:

3 pureent
a pereent. o . -
1.25 . (51 '3-;1?:(‘0!1! “wettable pm\(im .
2.4 b)) plus ferbam 2 i '
Checks: ;
Pyrethring 0.2 pereont plus sulfur 50 pm- !
vent.. .. L. . . L . .
Untreated_
Rifferenca requived for significance at ¢

Founds
24
3

S-poreent loevelo__ L Lo LoLL.. .

FORDIOOK LIMA BEANS IN 1047 (1 APPLICA-
TIINE)

DD 1
Spereent oo 0L Lol Lol
i pereent . ‘et
1 pereont plos roteaone 4.5 p( reent phh :

sulfur 50 pereent.,

Checlt, pyrethring 0.3 pm('vnt |:lu~ 2ullur .:0
pereent. oo .. L F .

FORDIFODE  LIMA BEANS IN MWie § APPLLICA- |

TIONE)
DTy :
3 pereent . . L .
3 pereenl ..
1 pereeat plua rotenone 0.5 puu-nl plus
sulfur 34 pereent
Cheek, pyreibrins 0,3 p('!tt'ni pluw sifay 53
pcs((‘nl-_.,_-. . e .

‘T)i(f('r(‘m‘(“« m){ H!j,!ll[l(’ulf ﬂ(‘mnlmg lu I' test t-\u‘pt !'m hl!SI!L,I(.““a f-lccn

Pad snap heans.
* Cialions,

Pounds
3. 25
7. 68

2.00

Pounds
3, 157
3, 142

2, 939

7, 301
7, GOG

7,591
8, 073
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The pods of Stringless Green Pod snap beans and Fordhook lima
beans from the DDW-treated plots were russeted.  This injury was
only superficial in the lima beans, having no elleet on the development
or appeurance of the shelled beans.  Studies by Westor und Weigel
(8} show that the Triumph vaviety of lima beun is extremely sensitive
to DD, its growth being serionsly stunted by DIYL sprays, whorens
other commerein] varicties of lima beauns tested are not go uflected.
No russeting appeared, however, on the pods of the "Urivmph vaviely.

Bxeept for the potato leathopper, which was controlled in the plots
trented with DTYU ov pyretheim, the ondy inseet infogtation of impovt-
anee on either snap beans or lint beans was that of the Moexiean bean
beetle. This bicetle was cantrolled by applying eivher a 8.4- to 1-pex-
cent rolenone dust o a DOZpervent rotenone speay to the entive plant-
ing as needed. To 13I8, however. spider wites {Pedranyehus sp.)
inerensed during the 6§ weeks after the last application on July 30,
especiully on the DD T-treatod plots of i boaus.

In 1943 bean sumples for chemieal aundysis of DD vesidues were
taken on July L8 days after the secoid application, and on July 51
aned Augast 200 5 ond 25 davs vespeetively. afler the Iast application.
Subzunples were run by =trippivg the whole undried beawusy other
stub=amples were dreied and ground hefore extraetion with benzene.
The amoundfs of organie ehiorine Tound on the treated samples did not
excerd the amonands Tound on the cheel sonples. Fhis budieates that
no DIYT was present on the treadod ~amplos, either as a residue or a3
the resudt of ab=orphion and transloeation,

[n 10 HS similae sinpies were taken on il 25, 10 days after the Tast
of four applications. Ovganie-chlorine deferminations showed that
the DD vosidues from ehe 3- and J-peecent YT dises were 0.6 and
0. b, p.ooand From the DDT-forbmm spray Uy pon,

The truees of organie chilorine an the treated nndeied and unground
samples were prointhly due to DIV vesidues as the Bean pods woere
ot washod hefore they were stripped.

In 17 and 1IN organie-chlovine determinations on the unshelled
Jimn beans indicated fo measieable vesidues.  Colorbuetric deter-
mitmiions for DD on the <lielled deied erannd beans were also nega-
tive. The sumples were talien 20 Lo 27 days aftee the last applieation.

Bekts

Detroit Dark Red beet< were plantesd o April 30 1946 bat the south
hatf of the phanting developed 2 poor stand and haed 1o be veplanted,
soo that eael hall bad o sepreate teondiment ond haevest schedule,
The fir<t seetienle apphestions were mmde when the phlaats were
abont 6 ioches tall o May 25 for the porth halt and oo June 24 for
the ~onth it When most of the tmarketable voots werp 215 to 3
toche- an dinmeter doly 21 for the poith badf oud Nugust B for the
sonth Ladt - the beets wore pulled by bagad, the soil was shadoen off,
and the beets wore weiglicel.

A omigdyses of vietanes <howed no Sjenifieant difference hetween
wrentments (he data for the two halves wore averpeed. Table 3 shows
the viekds of heets Trom the severn] trentiments.  Alhoagh the plots
dusted ~ith parethemge-sad Tae and S-percent DIYT gave lower vields
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than the untreated ones, the differences are not significant and are
believed to have been due to vaviations in stand. No injurious or
stimwlating effect of the treatments could be noted.

The insect- population counts indicnted that the insects present were
too few to be of much conusequence.  The qunlity of the beets was some-
what reduced by feeding sears caused by flea beetle larvie

Samples of becls for nnalysis were washed, peeled, sh(‘ed, and dried.
No measurable amounts of organie ehlorine were found in any of the
samples taken 26 and 83 days after the last applieation of DDT, an
indication that there was no absorption or (ransloeation of the DDT.

Tanue 8.—Fffect of DT dusts and sprays on yield of beets, cabbage,
canialoups, eueumbers, and onions, 1048 and 1946

Posaze per acre

Tnseeti-
citde
mixiure
J3er ap-
plteation

MMalerinl and strenglh

DETROUF DARK RED BEETS IX G0
HOAPPLICATIGNS

Do Ponmds Pounds Pounds
3 pereent . - . 23 . 36, 016
5 pereent 27 1 . - 10, 380
10 percent 38 14, 4 41, 658

Checks:

Pyrethrins 0.3 ])c‘rcent plis salfur 50
pereent . 35, 472
Unitreaied 44, 2156

GOLDEN ACHE CABBAGE IN 1M
L ATPLICATIONS)
DT
2.5 poreent 35 L 22, 256
Jopereent ., ... - . . 2 X 21, 066G
Cheeks: i
Rotenane L pereent .. cm 20, 427
Untrentod L - 14, 788

GOLDEN ACRE CARRARE 1N
_ Bl AFPLACATIONS
DT

pereent . o L e
3 pereent
Chepk=:
Lotonone 1 perecnl ,
tratrented o oo ... e nmme s [T LR
; .
: i
HALKE'S DESYE CANTALOUES IN S ; :
{5 ALFLIECATIONSS :
DT ;
3 pereend . e e ea i wim memema
10 pereent e
Cheelt, rotenune 1 pereent ..
Dlll’orencv roquired Tor ku.,:::f'n'mut‘ o B
pergent level o0 _ 0 L. L. L L.l

See footnotey ot end of table,
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Tasre 3. —Ejfect of DDT dusts and sprays on yield of beets, cablage,
contaloups, cucumbers, and onions, 1946 and 1946—Continued

Dosage per acre

Insecti-
cide
mixiure
per ap-
plieation

Material and strength

AHHOTT AND COBB CUCUMBERS IN M5 Pownils FPoundds Prounds
{8 APPLICATIONS)
DDT:

& pereent 128 9.4 5,616
10 percent 231 . 5, 537
Cheek, rotenone 1 pereent 225 4, 187

EBENEZER ONIONS 1N 1H5
{8 APPLICATIONS
DDT:
5 percent ( . 6 2., 584
10 percent 3 25, 041
0.5 1. per 100 gal. of spray (in emulsion) __ . ¥ 23, 315
Checks:
Tartar emetic 2 i, plus brown sugar -1 |b,
per 100 gal, of sprav.. oL . .. | 21, 480
Untreated e e 23, 086

]

! Differences in yieid not significant according to the F test except for ean-
taloups.

*Bmall quantity applied to seedling plants (initial application) not ineluded.

3 Gallons.

CABBACE

In 1943 Golden Acre cabbage was iransplanted on March 25 and
in 1046 on April 3. The first insecticide treatnients were made when
the plants were 7 to § inches in diameter.  Cubbage heads were allowed
to stand as long as feasible before havvest withont appreciable loss of
heads from hursting,  All heads were harvested and weighed on June
§ and 22 in 1943, and ou June 11 and 1% in 1946, The heads were eut
close, neluding: only those leaves that ¢lung tightly to the head,

The growth of eabbuge, as indicated by the yields in table 3, was
remar. By the same with all treatmoents= in both 1845 and 1946, There
wis no evidence that any of the treatments wopee harmfol or enused uny
stimulation. The quality of crops. however, wns far belier on the
DDT-treated plots than on the others beenuse of beilter cantrol of
the imported cabbageworm ( Pierie rapac (L)) and the diamondback
moth (Plutelle macndipennis (Curt.) ).

The yields inelude such heads as were damaged by eaterpillars, as
well as the markerable heads,  There was no evidence 1hat inseets af-
fected these values.

In 1943 anadysis of wrapper leaves from sumples taken 6 days after
the st application showed 1 p. p. m. of DT From the plofs veceiving
2. 5-pereent. DDT and 6 p. p. m. from those veceiving 5-pereent DD,

O45884—02 -0
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Cabbage heads without wrapper leaves from the same plots showed 4
and 5 p. p. m. of DDT, respectively.

In 1046, 1.2 p. p. m. of DDT was found in a sample of heads plus
wrapper leaves taken 11 days after the st applieation of the d-per-
cent DDT dust, whereas none was found in a sample of cabbage treated
with the 3-percent dust. Similar samples fuken 18 days ufter the
last applieation gave nogative vesults.

CaxraLoyp

In 1945 Tale's Best cantaloup seed was planted on May 19, and the
first ingecticide npplications were made on June 13, when the seedlings
were <+ to 5 inches high and still in the cotyledon stage.  Frequent
raintail and high hunvidity cansed the plants in all plots to be severely
mildewed. A Tew doys after the first fruits were ripe, it was evident
that crowth wonld not be normal, Therefore, on Auvgust 22 all
mature fruils were hatvested regacdless of vipeness.

Table 3 shows the yield per aere of fvuits harvested from each treat-
ment, The 1-pereent DDT dust ennsed usignificantly lower weight
of Truits than did the i-percent DD'T or the rotenone dust. Numbers
of fruits hnrvested per treatment were roaghly comparable with weight
harvested, bnt the differences were not signifieant. It is perhaps
worth noting that (he 10-percent dust produced fruils averaging less
than 1 pound each, wherens fruits from the other two treatments nver-
aged more then 1 poind.  These data indicate that ihe heavier appli-
eation of DDT actuully vetmrded growth and development to some
extentl.

The inroads of disease so impaired the quality of the crop that no

dependable comparisons could be made between treatments. The
pickleworm {Diaphania nitidalis (Stoll)) was present hut not in suf-
ficient numbers to afleet the yields.

On Aagust 22, 15 days after the Iast applieation, 2.5-kg. fruit sam-
ples were taken, und the flesh only was dried and amnalyzed. No mens-
urable quantities of organic ehlorine were found.

CUGCUABERS

Abhott and Cobb evicumber soed wax planted on May 19, 194, and,
as on other cuenrbits. the first insecticide applicutions were made on
June 15, when the plunts were «till in the cotyledon stage.  Jecause ot
dmmage by nidbdew, a singele deluyed Tinevest was made on August 13,
None of the Troits I tarned yellow with matoerity. but some were ton
Jurge and (oo olid to be of good quality, AT Froifs of marketable size
in each plot were weighed together, The DT freatment did not sig-
nificantly affeer the yield piable 51 or the appenrutee asmavket quality
of the cuewmbers. Beense ol low infestations, inseels wore nal a fae-
tor in this experinent,

Tueidental to this experiment. a dust eontirining 7t pereent of fei-
Busie eopper <ulfote o tale was nsed s the encambers on one side of
the planting to eantrol wildew.  Yields were 70 percent higher in the
trealed aren than inthe plots where no fungieide wis nsed.,

Samples {or chemieal analysis were taken ov Angust 11, 6 duys
after the Tust application.  Tu ome sef of sunples the enemnboers were
“tripped (whole) with benzene, and in another set they were washed,
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sliced, dried, and then extracted. No meusurable amounts of organic
chlorine were found.

Onions

IEbenezer onion sets were planted in the field plots on March 16,
1945, The first insecticide npplications wore mude on May 7, when
the new shoots were about 6 to 8 inches tall. Harvesting was done o
July 10.

The tolinge in (he DDT-treafed plots remnined cleaner wind nore
atlractive than that in the other plots throughout the experiment,
This was due to the control of Lhe onton theips (Thrips {abaci
(Lind.} ), which was not udequately controlled with tartur-emetic
spray. The DDT emmlsion spray soon imparted an oily appearance
(e the Tolinge. but afier the spray deied this condition disappenred
with no apparent harm to (he plant~.  As shown in fable 3, there were
no sigaificant diffevences in the yviehds. Thus, tiere is 1o clear indica-
tion that DIYE had either an tnjuriows or diseet stimulating effect on
the onions. _

Osion samples for chemicad aamlysts were taken on July 4, 1943, 10
diys after the last application.  The oniens were conditioned in the
greenhonse for soveral weeks and then dried. cut up, extracted, wnd
arnlyzed.  No measurable gtiantities of organie chiorine were found
i any of the trented samples,

Pras

Adaska peas weee planted on A peid 20, 1945, and Thonns Laxton peas
on March 7, 184G, They were dhisted for the fivst time when the planis
were abosit (o blossom—on May 26 in 1945 and on May Gin 19046, They
were harvested by hand when most of the peas were veady for can-
ning-—oi June 16 in 1945 wnd on June 6 in 1946, The pods and vines
were weighed sepurately.

In 1043 there were no significant difforences in yield of mnshelled
peas (table 4) or of vines (not shown in table) smong the seversl
trentments. In 1046 the 10-percent DT dust frentment outyielded
the other trealments in weight of wnshelled pens, hut the weights of
vines auain showed no significant differences, The resson Tor the
superior Yiedd with this dust s nol ¢lear, 10 gave the best control of
the pea aphid (Maerosiphuna pisd CIUDYY n both vewrs, and in 1946
the pods were greenvr and more attractive thay those from other plots,

There was no indication (hat the dosnges of DDT wsed had any
hapsiind effeet on the pea erope, or any henetieial offeet beyvond that
possibiy asoeiatod with aplid eontrol.

In 1945 samples of peac vhwes Torcclwamieal analy=i= were tnken from
each treatment 16 days after the st application. 1o 1916 sanples
were laken S8 ad TEdays afler the last application,  The vines were
anadyzed both green and after having been dried i the meenhme,
The shelled peas were dried, ground, and then anndyzed.  No wmensur.
able yuantities of oreavie eblorine were formd on the shelled peax
Tor either venr,

The DIYE vesidees weve 0 avd B py s, on (he grcen vines hare-
vested 16 day=after dusting with 5- and hpereent DIYE dusts, respee-
tivedy, in 196, und LG and 3.4 po pom u mreen vines harvested < days
after dosting with the two mixtures, respeetively, in 1940,

1
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Tanne 4.—E fect of DDT dusts on yield of unshelled peas,
1945 and 1946

Dosage per acre

Aphids
Inseeli- surviv- | Yield per
cide mix- ing per aere
fure per SWOESP
applica-
ton

Matcrial and strongth

ATVASKEA IN 15 (2 APPLICATIONS) Pounds | Pounds | Nuniber | Pounds

Dt
& pereent a2 . 31 5, 767
1 perecut , 16 6, 382

Checks:
Rotenone 1 pereent, 14 G, 451
Untrealed . L. Lo it 0 5, 732

Diffarenee regnired Tor sipnifiesnee at
S-pereent Jevelo oLl ooaeoooiol 11 (n

THOMAS LAXTOXN IN 1HS
(2 O 3 AVPLICATIONS)
Do
& pereent 5! \ 8 782
10 pereent 4, 10, 193
Checks:
Rotenone I percent __. j 8, 483
Untreaded.... .. . .. - 8 3m
Difference required for significnnee at
B-pereents level 1, 347

1 Difference not gienificant acearding to the 2 test,
PoTators

The Irish Cobbler potatoes were planted Jate in March or enrly
in April, and the first insecticide applications were made when the
folinge wns abont 6 inches high, The Katahdin and Sebago vavieties
used in 1947 were planted on June 23 and treated for the first time
on July 15.

The Irish Cobblers were harvested about the middle of July, when
the tubers were well-grown and the tops showed evidence of approach.
ing matnrity. The fall crop was harvested on September 30, 1947,
when top growth had almost ceased. Twenty-five successive hills
weore havvested from each of the two center rows of each plot, and the
weight per plot was rvecorded. AN plots weve usually harvested
within 1 duy.

In the springs of 1945 and 1946 moderate but significant increases
in vield over the check plots were abtnined with certain of the DDT
sprays and the S-percent DD dustz.  In the plots not treated with
DDT or pyrethrum, however, maost of the leaflets showed hopperburn
eansed by the potato lewfhopper (Ampoasca fabae (Havr.)), The
dafa in thble 5 show that DDT greatly reduced this damage. There-
fove, it 1s helieved that the inereased yields in the DDT-treated plots
wore dne to leafhopper control rather than to any divect stimulative
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Tanse b~Effect of DDT dusts and sprays on yield of potatoes,
1946 to 1948

Materials and strength (pounds por 180
galions of spray or pereent of dust)!

Dosage per acre

Inseecti-
eicle mis-
ture per
spplica-
tion

Total
DbLT

Leaflets
with
hopper-
burn

IRISHE COMHBLER LN MM (0 APPLICATIGONS)
DT,

& pereent

0.4 b, (10-pereent dust without
webbing ageat < WYL Lo __

0.4 1b, plus tribasic copper sulfate.._.

Checks, rotenone (3.4 . of 1.7 portent)
plus tribnsie coppoer sulinle
Difference reqguived for signifiennee at

S-perecent level ... ____ :

IRISH COBBLER 1N 106 {8 ATPLICATIONS)
DT

Bpereente L

0,625 . (1.2 b, of 31.8-pereent
wetinbile powdaery

0.625 ib, plus tribasic coppoer sulfate. .

Checks:

Rotenone {2.7 1. of 1.3 percent) plus
pyrethramy {16 pt. of Z-pereent
extrael) pius tribasic coppor sulfate.!

Untreated !

Differenge required for significanse nb

S-pereent level oo -

RATAIDIN AND SEBAGO {LATE CROP) IN
WT {5 APPLICATIONS)
DoDT:

5 pereent
0.625 b, (1.2 ib. of 5L.8-pereent
weitnbie powder)
0.025 th. plus tribasic copper sulfale. .
0.625 th, plug zineh !
Cheeks, rotenone (1,98 Ib, of 5.8 pereent)
plusg pyrethram {14 pt. of 2-poreent
extract) plus fungicide 2 1h3
Difference required for signifieance alb
d-perecent tevel
IRESI COBRLEH IN MHE (f AVPLICATIONS)
DT
& percent
1.25 tb. (2.4 lb. of 51.8-prreent wek-
table powder) . .. oo _...__
1.25 b, plus tribasie eopper suifate_ .
125 i, plus zineb 2 0b_ .o L L ..
Checks, rotenone (2,7 1 of -5 pereeat)

Callons
298

163
B3

plus pyrethrum (1.6 pl. of 2-percent |
extract) plus fungicide 2 1.3 i
Ditferencee required. for signifiennee st ]
S-pereent level.o oo i, i

Pounds
7.8

2,1
2,

[={R-HE 1]

Pereent
50

a7
Gd

95
14

Pounds
15, 697

i4, BO
13, 889

12, 354
2, 203

28, 642

27, 726
24, 474

24, 090
23, 010

2,353

13, 286
17, 272
1§, 527
17, 166
17, 819

¢

14, 218
14, 380
14 091
14, 765
13, 40

®

! Tribasie copper sulfate used 2t -+ pounds; obher fungicides at 2 pounds,

2 Pounds.

* A ecommercial prepnration coniaining 38 pereent each of zineb and methyl

dithioearbamate,

+ Differences in yield not sigaificant according to # test,
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effect of DDT.  This belief is confirmed by the lack of any significant
differences in yield during 1947 and 1948, when few leathoppers were
present.  The only other insect that caused appreciable injury was
the potato flea beetle { Epitriz cucumeris (Haxr.}), the lavvae of which
damaged some oi the tubers in 1047, The yields shown in table 5
include these damaged tubers. '

In 1946 DDT treatments were followed by a bronzing of the leaves
believed to be o mild njury by DDT. In 1945 and 1047 no injury
that conld bo attributed to DDT was noted. TFurthermore, in those
years the foliage treated with DDT appearved brighter and cleaner
than that in the check plots. '

Samples of potatoes from all tha plots receiving the insecticide treat-
ments for each of the 4 yoears were washed, peeled, sliced, dvied; and
analyzed for organic chlorine, Tn 1047 and 1943 colovimetric determi-
nations for DDT were also made. No measurable quantities of
organic chlorine were found. Theeolovimetric tests were also negntive.
These tests indicated fhat DET wag not taken up by the plants and
translocated to the tubers. - '

SquasH

The squash was planted the Jatter part of May. and insecticides wers
first applied while the plants were in the coty ledon stage, at which
time they are subject to dumage by encumber beetles (Dinbrotica spp.).
'The summer squash was havvested approximately at 10-day intervals
in August and September, there being three huvvests n 1945 and
five in 1946. The Hubbard winter squash wag hacvested on QOctober
8, 1946. Tle entire crop was harvested cach time.

The total viclds of squash in 1045 (tuble G) o not Tully show the
actual response of the Yellow Swmmer Croolaecle varioty to DIYT,
The first applications of the 10-pereent DDT dusts, both with and
without sulfur, killed so muny of {he newly emerged plants that eon-
siderable replanting was necessary.  The surviving plants and the
veplants were stunted, and the yields at fivst harvest were significantly
redueed. By the end of the scason the survivors had made some
recovery buf generally appeared inferior to the plants on the other
treated plots. The DDT-fungicide spray fid not entise any noticeable
injory.  The stands were irvegular and varied both nmong and within
troatments, theeeby contributing o an extremely high error in 1945,
Thus, although the plots treated with 10-percent cdlust appeared to
vield 2,800 ta 3,200 pounds per acre Tess than the checks, the diflerences
were not signhificant.

T 1946 (he content of DT in the dusts was reduced to 3 and 3 per-
cont.  Neither of these dusts caused any apparent injury 1o Yellow
Summer Creokneck squash or difference in yickd compured with the
rotenone cheek.  The spray, however, cansed serious injury simiinr to
hat caused in 1045 by the 10-percent dust,  Soon alter the fivst appli-
cation, sprayed plants became st anted, vellowed, and many died. More
plants died Jater. “T'he survivors made from poor to fair growth, and
yields were only about one-third s Jurge as in the other plots,  Many
of the sprayed plants that survived were entirely nnfraitful.  Because
in 1945 practically the same dosage of BT as w suspension spray
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without a wetting agent did not cause injury, it seems Eossible that
this injury was caused by the wetting agent rather than by the DDT,
although it may have been due to better coverage.

YaBrr 8.—Lfect of DD on yicld of squash, 1945 and 1946

Dosage per acre

Material and strengsh (pounds per 100

gadlons of spray er percent of dust) Insccticide

mixbure Total
per appli- DpT
eation

YELLOW OROOWNECK IV 1085 {0 APPLICATIONS)

DDT: Pounds Founds Pounds
23 18, 4 i1, 300
17 14 11,034
5478 2.5 15, 428
27 14°262

TELLOW CROOKNBOK IN IHE (§ APPLICATIONS)

DoDT:
Zpereenbo oo ..ol ..
Z percent
3 pereent plus pyrethriog 0.8 poreent.___
0.625 b, {1.2 Ib. of 51.8-percent weltable |
powder) __ L o ___.]
Cheek, rotenone 1 pereent. '
Difflerenee requived lov signilicauce at 5 per-
ecnt lovel

HURBARD IN MG (5 APPLICATIONS)

DT
3 pereant 4.0 2, 30

3 pereent i3 . 2,028

3 perecnt plus pyrethrios 0.03 poreent ib 3. i, 848
0.625 Ik (1.2 1b. of 51.8-pereent wetiablo | ! I
powder) : Y3h L0 2,131
Chetk, rolenone | pereont : 15 ! l 1, 060

P Biffevences in yield not signiBennt according 1o the # test, excepl Tor Yeitow
Crooknock Squash jn FHG.

: Bpray prepared from 10-percent dust. No webting agenl wsod; 2 pounds of
ferbam substituled for the tribasic copper sulfale in eighth application,

* Swall quantity applied Lo seedling plants (nitial upplication) nol ineluded,

* (nllons.

A clay dust containing 10 percent of DDT applied to a nearby plad-
;n,;; ol sugar pumpkin caused rather severe injury and yellowing of the

oliage.

In 1946 Winter Hubbard suash was given the same trentments ns
the sunumer squash, but without any injurious effeet.  There were also
no significant differences in the yields of this variety.

Tn 1946 the inscct infestations were too low to affect the yield daia,
which inchuded the insect-damaged squash.  In 1945 the pickleworm
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and the squash bug (Anasa tristis (Deg.)) caused considerable dam-
age, and evidently reduced the yields, pacvticaiaxly in the check plot
and in the sprayed plots. Because of these reductions in yield, the
differences bebween the check and the treated plots are not so Jarge as
they should be and thevefore do not represent all the damage caused
by the DDT.

In 1945 samples of Yellow Crookneck squash for chemical analyses
were taken 1 day after the last of nine applications and in 1046 6 days
after the Inst of six applications. The samples were pecled, and the
fiesh only was sliced, dried, and then analyzed. No measurable quanti-
ties of DDT were found.

TOMATOES

The Rutgers variety of tomatoes was used for the 1946 tests, and
Marglobe in the other 3 years. The transplants were usually set out
in the field after the middle of May, when the danger of frost was past.
Insecticide applications were begun late in May or early in June, when
the planis were from 12 to 18 inches in dimmeter and setting fruit,
Soén after the transplanting, votenone spray or dust was applied to all
plots to conlrol the Clolorado putate beetle { Leptinotarse decemlineata
{Say)) and the potato flea beetle. Green-muatwre and vipe fralt was
harvested three to four times cach season. The entive plots weve
harvested.

In the 4 years' work with tomatoes (he only significant differences
in yield were in 1947, when the plots dusted ith 10-percent DDT
produced more tomatoes than those sprayed with DDT suspension
{table 7). Nonc of the treatments, however, significantly aflected the
yicld in comparison with the untreated check.

Slight, apparently temporary, injury to tomato foliage by the
DDT sprays was observed in two instances. Tu 1946 o peculiar pro-
liferation at the tips of the branches suggested the kind of abnormality
that follows treatment with cerlain growth-regulnting chemicals, In
1047 a temporary yellowing of the leaves followed the second applica-
tion of the DIDYU-copper fungicide spray. The yields tended to be
lower whore these injuries were observed, bub they were not sig-
nificantly lower than those in the untreated check.

Although light infestations of the tomato fruitworm (Heliothis
armigera (Hbn)) and the potato aplid (Macrosiphum. solwnifolis
(Ashm.)) usunfly devcloped, they never affected the growth of the
plants or the yield.

Samples of whole tomatoes from the treated and untreated plots
were analyzed for surface residue ; similar samples were peeled, sliced,
dried, and estracted, and the extracls analyzed for absorbed DDT.
Small amounts of residue (Jess than 0.5 p. p. m.) were found on the
surface in some samples, and Jess than 0.1 p. p. m. was indicated in
some af the peeled samples. The DDT in the peeled fruits was con-
firmed by celorimetvie tests, but its presence was probably due to
contamination from the surface during pecling.
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Tanre T.—E fect of DDT dusts and sprays on yield of tomatoes,
1945 to 1948 .

Dosage per acre

Material and strength (pounds per 100 gal- Yield per
fons or pereent of dust) ! Inseelicide acre ?

mixture per{ Total DT

application

MARGLOBE I¥ 1845 (7 APPLICATIONS)

DDT 10 percent: Pounds Pounds Pounds
a4 17 13, 548

Plus sulfur 20 pereent 19 13 15, 607
0.4 1. (10-percent: dust 4 1,) plus tribasic
copper sulfaied 1G9 3 14, 843
Check, cryolite 70 percent plus sulfur 20 por-
cent 14, 261

MARGLOBE IN 17 (3 APPLICATIONS)

DI¥T 10 pereent:
Alone 39, 307
Plus sulfur 20 pereent { 38, 200
3 lb. (B1.8-percent wetiable powder 5.6 Ib.)

plus {ribasic copper sulfate 33, 088
hecks:
Cryolite 70 pereent plus sulfur 20 percent. 35, 930
Untreated 36, 182

Difference required for signifieance at § por-
cent level 4, 209

MARGLOBE IN M5 (§ ATPLICATIONS)

DDT 10 percent:
Alone
Plus sulfur 20 percent
31k, (4.0 I of 51.8-pereent wentable pow-
der) plus tribasie copper sulfate
Cheeks:
Cryolite 70 percent plus sulfur 20 pereont._
Rolenone 1 pereeni

RUTEERS IN 1M6 {7 ATPLICATIONS)

DDT 10 pereent:
Alone 21, 049
Plus sulfur 20 pereent..__ .. __________ 17, 110
1.5 b, (2.8 M. of 81.8-prreent wettable

powder} plus tribasic copper sulfate____ X 17, 315
hecks:
Cryolite 70 percent plus sulfur 20 pereent. 18,012
Thitreated 21, 302

! Tribasie eepper sulfate nsed af 4 pounds; other fungicides nt 2 pounds.

? Differences in yield not signifieant aceording 1o the # tesli, except for Marglobe
in 1947,

32 pounds of ferbam substituted for enpper campound in fourth applieation,

f Gallons.
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TuRNIPS

Expeviments with {urnips were conducted in 1045 and 1936, The
seed was planted each year eavly in Marveh. and the fust ingecticide
applicutions were made in Aypril, when the plants were about 6 to 8
inchies in diameler.  On May 31 of each year, the plants were pulled
by hand, the soil was shaken olf, and the tnrnips were woeizhed.

The yields of turnips {table 8) from the plots dusted with DDT
ov with yotenone were similir to those from the wnireated plots.
Neither the 3- nov the 1-percent dust caused any unoticenble injury
or stimulation of the plants,

Tn both years the hop few beetle ( Psdléod s punetulidn Melsh.) was

effectively controiled. especially in the DIYE-treated plots. In 1946,
however, the salable value of the trrnips was Jowered becanse of the
larval-feeding injury to the voots. The injury was less in the treated
plots than in the untreated (Hots Turnip aphids (Ahopalosiphin
psendobrassicae (Davis)y were also controtled.  None of the inseets
affeeted the viekds,
Samples of turnips for DIV analysis were taken 7 days after the
last of Ave applications in 1945 and 6 days after in 1046, The turnips
were washed and peeted. the peelings disesrdeds and the flesh was
sliced, dried. and analyzed.  Measwnble amonnts of organie chiorine
were not found in any of the samples,

TanLt S—Fgfect of DT dusts on yicld of Parple Top White (rlobe
frrnd ps, I gis and 7036

i
Vosane per nore |

v

L Yield per

Y seind o b T anptiolede
Materin amd strengih Tisootiold sore

fomivtare - Tatsd
P per appali- npt !
cativn ;
i

IN MHE (5 ADPPLICATIONS

DnT. Powwts . Pownds 1 Paunds
BPOreent oo e e oo a8 5.5 1 87, 88§
10 pereenr . . o 2 L3 87, 817

Chieek, rolenone 1 pereent oo .- . 2y 0 &%, 030

IV LG (5 APPLICATION S}

nhT: .
& pereent oo .. o . X 32, 001
16 pereenk... . - . o . 24, 592
Choeks:
Rotenone b pereent ... - a5, 169
Tnirented.. . . . A - .- ————— - : 32, Ry

T Differenees not ~ienifieant weeording Lo the I fest,

DISCUSSION

Tn these studies eacl evop was usually 1_'05)3'934011{9;1 by only ane o

two varietios, Tfad other varietios been sclected, the results might
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have been diffevent.  For example, Wester and Weigel (8) found that
under the same conditions DDT sprays and dusts severely injured
Triumph bush limas but not the Peerless vartety (o sisterling variety
of Trivmph). Hervey and Schroeder () reported a decided differ-
euce between varieties of cucumber in susceptibility to foliage injury
from DT, but did not report any tests with the Abbott and Cobb va-
viety tested by the anthors.

DDT sometimes caused temporary injury to foliage of tomato, bean,
and petato, but why this injury was preseut under some conditions and
not under others is not known.,

It now appears that the impurities in technical DD may be an
important factor in the injury cansed by DD to squash and related
plants,  Cavrathand Heevey (2) veported move injury to squash bya
dust prepaved from technical DL (setting point 90° C.) than by
one prepared from o refined grade (setling point 103° to 103° C.).
The age of the plants, the quantity of DDT deposited on {hem, and
possibly nutritional and weather conditions muy aleo have contributed
to this mjury.  The weather conditions daring the peried of these
tests were about nornial for this avea except for the 1845 season, when
15 inches of pain fell during July alone and the other summer months
were aiso vather wet heeause of froguent showers,

The soil i the plots contained no DIYT except that which aceumu-
lated from the applications to the foliage during the course of the
experinents.

Aldthough chemical analyses indivated Lraces of DD inside toma-
toes and beans, the quantities were too small to be measurable Ly the
technigues employed. It is believed that (he swnples wore contami-
nated during preparction for analysiz, and that the DD'L was not ab-
sorbed by the plants and tranglocated. Acecording to chemical analy-
ses of the other craps, no DDT was absorbed or (ransloeated to the
edible portions,

SUMAIARY

Field expertmen(s o determine the diveet offect of DDT on the plant
growth and crop yield when applied to the foliage of various vegetable
crops were conducted ab Beltsville, Md.. from 1945 through 1948,
Studies were alxo made o determine whether any of the D' applied
to the foliage is absorbed and (ransloeated to the edible portions of the
plants.

One or miore experiments were tan on each crop. Fach experiment
was replicated in eight randomized biocks. and each plot was 35 fect
Yong with 3 to S rows,  The strengths and dosages of the DDT sprays
and dusts and the number of apphications were the maximmm helieved
to be necescary Tor the seasonal vontrol of the siseeptible insect pests
ot the erops fested.  Each erop was protocied From nsect damnge so
that the diveet effect of DIVE, exclusive of the influcnee of inseet con-
trol. could be determined.  Wheye DT was ineflective against inseet
infestation, votenone was npplied to the entive experiment ; whore DDT
was cliective, checle plots were dusted with one of the recommended
inseclicides known to be relutively harniless fo (he plants.

DIYE caused no injury to Bountitul suap bean, Detroit Dark Red
beet, Golden Acre eabbuge, Tale's Best eantaloup, Abbott and Cobb
cucamber, Ebenezer onjon, Alaska and Thomas Laxton peas, Tfubbard
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winter squash, Katahdin and Sebago potatoes, and Purple Top White
Globe turnip. DDT caused temporary folinge injury fo Rutgers and
Marglobe tomatoes, Irish Cobbler potato, Stringless Green Pod snap
bean, and Fordhook lima bean, but did not affect the yiclds of these
crops. DDT stunted the growth of Early Yellow Crookneck squash
and reduced the yield.

Chemica) analyses of the edible portions of the crops indicated that
there was no absorption or transloeation of DDT by the vegetubles
under the conditions of these experiments. :
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