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PURPOSE AND BACKGROUND 

• :Much of the earlier wf)rk, between 1945 and 1950, on possible harm­
:ful effects of residues of chlorinated hydrocarbon insecticides in the 
soil was based on single direct additions of the substance!'! to soils, 
followed by determinations of effects on successive crops grown on the 
treated soils. That general method gives valuable information 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 effects due to the residues of the added substances. 
That procedure, however, wil~ not indicate how fast an insecticide is 
likely to accumulate in it soil following repeated applications to 
c"ops-it only shows what may happen after a given quantity has 
accumulated. 

Early experience with DDT in orchards indicated that because of its 
great stability it tended to accumulate in the surface soil beneath the 
trees at a rate almost equal to its rate of application per acre annually.~ 
Some other chlorinated hydrocarbons, 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 soil affects the degree to 
which the insecticide may accumlllate. Obviously, too, the. removal 
of the harvested crop or crop residue may carry away some of the 
insecticide applied, preventing that part of it (or its decomposition 
products) from reachinl5 the soil. ' 

Studies of plant reactIOlls to soil applications of chlorinated hydro­

carbon insectIcides were started at the Plant Industry Station, Belts­

ville, Md., in 1945.3 Incidental to those studies, small plots on 

greenhouse benches were set up in 1949 to obtain preliminary informa­

tion on accumulati'Jn of several insecticides in the soil following 

foliage applications as sprays. Additionalu,nd larger spray-accumu­

lation plots were set up in colc1fmmes the following year, and a still 

more comprehensive set of outdoor plots was established in 1951. In 

1952 extension of tIllS last design into two other Statei:' became poesible 

through the cooperation of State and pri vate agencies. 


1 Submitted for publication February 14, 1956. 

, Died May 26, 1954. 
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PRELIMINARY DESIGNS AT BELTSVILLE, MD. 

GREENHOUSE PLOTS 

Duplicate plots, approximately 211z by 3 feet, were arranged on 
benches next to the walls of an even-Spltll ~reenllOuse, ;35 feet wide and 
with ea,-es 6 feet abo,-e the floor. The benches contained J~,resbol·o 
sandy loam soil to a depth of 6 inches. Chlorinatl'd hydrocarbon 
insecticides and isomers thereof were sprayed repen.tedly on foliage of 
successi ,-e plantings of a wide range of crop pln.llts, including ycgetable 
plants, cereltl p1ants, and soybeans. During spmy applica.tions, adja­
cent plots were protected from drift by a high portable sllielc1 at the 
sides and back of the plot beillg sprayed. 

The insecticides ,vere each applied as carefully ,,-eighed quantities of 
wettable powder suspended in sufficient water to cover the plants ill • 
each plot thoroughly ,vith a minimum of runol!'. A small portable 
IHtint-gun outfit was used for sprayiJl2~' with appl'opl'i~lte fttomizer­
type nozzles and n, sepamte container for each formulation. En:orts 
were made to deliver the spmy materials quantitatively to the plants 
and to I'he a,relt they occupied, but some of the material was probably 
lost on the shield or by drift at the unprotected front of the bench. 

Be('a use of limited SpltCe and crowding, the p1ants of thesr vel'Y 

small plots ,,-ere han-ester1 "hile stil1 small. Green ,,-eights of abon>­

!!l'ound parts ,yere r('corded. The phmts were then retHl'nNl to the 

plots :md worked into the soil. 


O,-er a period of nearly +. years a gradually increasing and fimtlly 

tT01lbl('sonH' salt l'ontent den~lopec1 in the soil in the :.rl'eenllouse 

benches at Belts,-i11e. This was rather emphatically brought to lighl­

Ily ('xcessiycly high organic chlorine blanks of- f'he plots that had 

I"l'cei\'ed no ins('etieide at any time. Although 'fe hl1\"C noted no ref­

prenee to organ ic fixation of inorganic chlorine in soil, om cunti nued 

lise. of chlorinated wlder from the 10cn1 public supply appeared to be 

illtrrJ'('rin!! with d('t(,l'll1ina.tions of organic chlorine content of I'lll' soil. 


COlldncti\rity readings of the treated and nontr('ated soils, made .... 
with tl ~rodel RD-li5 Rolu Bridge soil tester, ren:-aled very hi!!h total"" 
salt content. Periodic applications of commercial fertilizer as ,,-ell 
as lH'aYy use of chlorinated water doubtless contributed to the addi­
tion o{Sft]ts to the soil. Heating pipes below the benches and mod­
erate greenhouse temperatures combined to produce a relatively high 
(lPlllrtllc1 for ,Yater the year llround. Asoida,nce of excessiye watering 
of tIll' beds resulted in ,-idtlallr no leaching of tIle salls a(l(l('cl in ,,-:ttl,'r 
:tne! f('rtilizer. . ~ 

.\.('companyin!! the deY('lopment of the high salt condition, attacks 

of Rldzoctonia lLlld other fungi were increasing, interfering with 

('stablishment of uniform stands and with growth. Further, some of 

the eH'('ets of insecticide treatments appeared to be rather 11101'(: serious 

thall in om other experience. Efforts to reduce s:t1t content by leach­

illg the soils .in place in the benches were unsatisfactory. In the early 

a,utnmn of 10G:3, thereforE', the soil from an plots ,,,as remoYed from 

the grernhotlse to shttllow, open beds for prolom!edleaching by rain 

and melted 5nO'Y. The. soil was spread OWl' wi're 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 
plant growth resulted. The trouble described here has not developed
in outdoor tests. 

The chlorinated hydrocarbon insectkides are highly insoluble in 
water, therefore, they are not leached readily from the soi1. 

COLOFRAME PLOTS 

• 

In order to incl nde studies of additional substances and to obtain 
space for growing plants to larger size, another duplicate series of 
spray-accumulation plots. (194:9-54) was established outdoors in cold­
frames built of cinder blocks and designed to be covered with standard 
3- by 6-foot sash. Single plots were approximately 3 by 6 feet, sepa­
rated at first by bonrds 1 foot wide shoved edgewise into the soil about 
8 inches; later the boards were replaced by sheets of asbestos-cement 
one-quarter inch thick. 

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

CHEMICAL ANALYSES 

To determine the tendency of an insecticide or its chlorinated de,. 
composition products to accumulate in the soil of the sprayed plots, 
soil samples were analyzed fol' organic chlorine and the results calcu­
lated to equivalents of the respective substances applied.4 Soil samples 
were btken from points well distributed oyer each plot to the depth of 
the treated soil and composited for each plot. 

Unfortunately, resources were a.vailable for few determinations of 
organi0 chlorine content of plant tissues associated with treatment. 
Two crops of ('q,rrots and one of turnips at Beltsville were so analyzed 
by the Entomology Hesearch Branch. TUJ'llips from some of the 
State College, Miss., plots and canots from some Beltsville plots were 
analyzed for specific insecticides in the hlboratories of the Shell Chem­
ical Corp. Turnips and sweetpotatoes of the State College plots were 
also analyzed at that location. 

After harvest of tlie Cllrrot crop ,Tuly 16, 1(53) the roots were washed 
on a screen 111 water running frolTl a hose. Soil not immediately 
washed off by the water alone was rubbed loose with the hands and 
the roots were rinsed. 

Until a taste panel could judge the roots, the carrots ,vere stored in 
paper bags for a few days at 38° F. To preserve the samples for later 
n.nalysis they were quick-frozen and so held for about 211z months, 
when they were analyzed for tohtl orga.nic chlorine. The difference 
between the lots from treated plots and the controls was calculat~d 
to equivalent amounts of the respective insecticides. For comparative 

• KOIlLI'I'SKY, L., and CrrTsIIorJ~r, n. D. IJE'l'r,rOrINA'I'ION OF IJIlT IN SOILS. Assoc. 
Off. Agr. Chem. Jour. 32: 781-786. 11B9. 

383001-56-2 
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purposes, the insecticide content of the soil is shown, assuming the • 
accumulated residues to be mixed throughollt the surface foot in the 
beds. ' 

Samples from the 1$);)4: erops of carrots and turnips were ·washed 
and kept in colc1 storage (not frozen) :1 of('\\, (lays until they were 
analyzed. The H)G;) crop of elll'rots, which had been frozen and 
stored, was in poor concli tion "when al1l11yzed. Freezing, storage, 
and tha\Ying~ followed by the necesSt1ry dryin<! to remove cO~ldensed 
matter before extrtlction, n:,sultecl in considerable dehydratIon and 
decomposition so that the parts per l11illion (p. p. 111.) ca.lcu1atecl on a 
wpjght basis taken [1"1. thH,t time was consi<lerab1y higher than it ,vould 
lUlvc been on freshly harvested 1'0015. The lOGe.!: ('rop "was extracted 
for analysis in the recently lUll'vest('c1 undrie<1 condition. 

COOPERATIVE DESIGNS, 1951-54 

SOILS AND PLOT ARRANGEMENT •The soil ns('<1 in the work ttt Beli:syille, ~[d., is Congnree loam, a 

fertile, fritlb1e, brown soil containing noticeah1e amounts of miea. It 

was removed from the sud'ttce (j to 7 ineh('s of the flood phin of a 

small creek that 110ws through Ihe Plant Industry Station and placecl 

to n, settled depth of £) inches .in G- by G-foot compartments built of 

cinder blocks. These compartments were arl'anged in 2 ro,,'s of 22 

each, with the walls ext(,llcling 10 inc11es 1)('10"" and 6 inches aboyC 

gl'oundlevel tll1d the compal'tnwnts \\"('1'(' pl'oyidpd with tile drainal!e. 

The substrate below is compact gl'aYelly Jill unsuited to l)lant growth. 

Spl'ink1erirl'igation was prO\"ide<1.


At State College, Miss., S- hy IO-foot plots wer(' a1'ranged on Kauf­

man sandy loalll in tl, good state oJ :fe1't"ility, with depressed alleys 2 

feet wide between plots. Sprink1('1' in·igation was a:ntilab1e. 


At New Brulls\yick, X ..J., (j- hy fl,.foot plots \\'('1'1' arrangN1 on Snssa­

fras sandy loam (pH G.O to 6.2) v;itll 2- by 8-inc11 boards septlratillg 

the plots. The boards were placed edgewise with about 4 inehes 

below the soil surface. Before. estnb1ishnwnt of the plots and insbtl ­

lation of the board barriprs between plots, the soil wns deeply plowed 

and harrowed in COllycntional manner. AHer the boards were placed 

bebyeen plots, 5-10-5 fertilizer was broadcast on each plot nt the rate 

of 1,200 pounds pel' acre and thoroughlY mixc·d into the upper 4 inches 

of soil with a potato fork. After the initial preparation of the soil 

all work was done hy hand. Fertilizer' u, addecl anc1 ,\"orked in 

Ptlch veal' as stated above. 

All working of the soil at B('\ts\'ille and New Brunswick was done 

with hand tools, and care ,YHS taken to [vmid contamination of any 

plot by transfer of soil into it. from anoth(,l" The plots at St.ate Coi­

lege ,yere pl'el~ared anc1l'eworkecl each spring with a small rota ry tilleI'. 


At all locatlOmi the treatments \Yere anHngcd at random in eHch of 

four blocks and the dahl were analyzed by'the Yllriance method for 

randomized blocks. . 


CROPS AND CROPPING SYSTEMS 

Becanse of din'erences in climate [I1lC1 soil among the three loca­

tions, the test crops grown CLiITered widely. Each investigator grew 
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crops well adapted to the respective conditions and that could best 
be handled along with other work to be done during the year. Table 1 
shows the times of planting and of haryest of the several crops grown
at each location. 

Root crops were hlUTestec1 by pu1ling the entire plants and removing 
both roots and tops from the plots. Of other crops, only those por­
tions normally marketed were removed from the plots, although the 
entire aboveground parts were remoyed for ·weighing. Those parts of 
the plants that normally are ]lOt removed from the neld were, after 
wejghing, spread back on the plots on which they grew and worked 
into tJ1C soil. 

A diversity of crops 'was grown to obtain information on possible 
response~ to !ls many difl'erent crops as feasible. Although major 
interest III tlus work was c('nter('d al'ol111cl crop response to residnes 
accumul!1ting hl the soil, any evjdence of direct injury by the foliage 
application was noted . 

rrAI3IiE 1.-Dates of 7Jlanting a1ul of final ha1'vest of test C1'OPS grown 
at diffe1'ent locations, 1951-54 

- "--.------~.----.-~.--.----.-----------

Date 
Location and test crop grown 

Planted Harvested 
-----_._-._._--------.---._----- -------------
Beltsville, Mel.: 


Spinach, Olel Dominion___________________ Sept. 5,1951 

Oct. 17,1!l5IOats, 1,ee ___ - -- - - ------______________________ elo______ _ 
Nov. 23, 1!l51 Pea, Thomas Laxton _____________________ :.\far. 18, 1!l52 
June 10, 1952Bean, Stringless Black Vnlcntine___________ .June 2,[, 1!l52 Sept. 3, 1!l52Radish, Scarlet Globe____________________ Sept. 18, 1952 

Rye, AbruzzL ___________________________ Oct. 28, l!l52 Oct. 28, 1!l52 
Apr. 15, 19.53Carrot, Imperato!' and Dan\'ers Half 1,ong__ Apr. 27, Hl5:~

Rye, AbruzzL___________________________ Snpt. 11, 1!l.53 .July 16, 1!l53 
Jun. 8, 1954Carrot, ImpcratoL - -., -____ _ _ _ _ _ __ ____ ___ Apr. 21, 1 !l5'" .July 20,] 954Bean, Strillgless Bluck 'Tnlentinc___________ Aug. 13, 1!l5,t Oct. 4,1!l54 

State Collcge, :Miss.: 

Beall, Tenelergreen _______________________ Aug. 24,1951 

'l'urllip, Se\Ten 'l'op _______________________ .Jan. 17, Hl52 
 Oct. 2!l, 1 !l5I 

Apr. 2.5, 1!l52Southern pea, Dixielee ___________________ May 26, HJ52 
Bean, ConteneleL _______________________ Aug. ]2,1952 Aug. 5, 1952 
Turnip, Seven 'l'op_______________________ Jan. 18,1!l5a Oct. 18, 1!l52 

May 2, 195:3Southern pea, Dixiclec ___________________ June 8,1!l5:3 
Bean, ContcneleL _______________________ Aug. 17,195:3 Aug. 14, 1!l53 
Turnip, Purple Top 'Ybite Globe __________ Jail. 8,10ii'! May ] 9, 1!l.54Sweetpotato, AllgolcL ____________________ Jl!ne .J,1054 K OY. 12, 1!l5,1 

Xel\' Brumn\'ick, N..J.: 
Beall. Stringless Black Valelllinc __________ May 2·.1, Hl52

Do_________________________________ Aug. 2, HHi2 .July 2:~, 1!l52 
Do_________________________________ June 1,lD5a Sept. 27, I!l.52 
])0_________________________________ Aug. 15,1\).5:3 Aug. 10,105:3 
Do_________________________________ ;\fay ]5, ]!l5'J Oct. ll, 1953 
Do______________________ , __________ Aug. 5, Hl54 .July 26, 195't 

Oct. 0, I9.5.tCarrot, Chantenay_______________________ Aug. 2,195.t 
Xov. 27, 1954Turnip, Purple Top White Globe __________ Aug. O,1!l54 
Dcc. 5, 1!l5'1 
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INSECTICIDES AND APPLICATION • 
The basic design of the work inc1uded ]1ine insecticides-a1ddl1, 

dieldrin, isodrin, endrin, heptachlor, chlordane, Dihn, BHC, and 
toxaphene-that were either in cnrrent use or that had ShO'Vl~ some 
promise of commercial use. Table 2 shows these aIong with several 
others variously included by one participant or another because of spe­
cial interest in them. The table also s110'Ys the iormulation from 
,,,hich each spray treatment was preptu'ed, and the rate per acre at 
which each pure insecticidc eqnlyalent was applied at cach spraying. 

Details of mcthod of application of sp"ays ditl'el'cd among locations 
according to ecp:.ipmC'nt that was available. All operators iso1ated 
adjacent plo!'s J1'om the plot bC'ing spray~d by snrronnding the latter 
completely with a portable cloth 01' plastIC Sel'l'C'll t11at extended from 
the soil to a llCiglIt of approximately 3~'2 JeC't. Carc ,\'us taken to 
confine treaJi.ng materials to thn ttl'PUS designed to rccei.yc thcm. 

At Beltsyil1e and Kcw Brunswick tllc sprays wel'e applied WWl small 
pngine-driycn comp1'('ssed-nil' pni11t-sprny outfits equippC'd with atom­
izer-type nozzles that p1'Odllcecl. go()(l coveragc with a medium to coarse • 
spray" .AcClll'ntely "'cighC'd quantities of the ,wttal)le po,nlel's re­

quired J01' sil1g1e plots WC'1'C' "'ciglled into small eontainel's designed 

for attacl1ment to the Rpray gun. Enough water Wfl.R usec1 to give 

good eovcrage of tlIt;! 'foliage with a minimum 0:[ r11nofl', fl.11Cl the entire 

,veighec1 qual1tity of inseetiei(~C' ,ras appEec1 to each plot. The ~un 

anc1 eon tamers ,wre ,raslH'c1 WIth watcr after use of each fOl'muJatlOll. 


T.\BLB 2.-IJ18('ctiridcs and 1'atcs of application 1lscd at different 

locations tOl' field tests: 1951-54 


Rate of applicntioll of net insreti· 
cidc per nerc j)C'l' application al ­
------1--.- .- ,"""------

T 1U'l'cticic\e 1 

JkHHdllC'! Sta\C' l'\C'w.i,
:\rd " CollegC', i Bn1l11i,n('k,
• ,. :\1iss.· I X ..r. 

-, .,--_._' '-"--' - ----
Pounds POll1Hls i Pounds 

Aldrin, pure 50 prl'(~0nt- 'V.P.'.!~ ___ ~_.______ 2. 5 ---------~;--- .. ~--.-- •
,\ldril1, tC'('hllical 50 prr('C'nt \r.p.3. ________ 2.5 
J)il'lc1rin, 50 percrllt W.I)_________________ -! 2.5 
lIl'ptnchlor, 25 pcn~ent ly.P _______________ l 5.0 4 
ChlOl~dlU~e, 50 p{'l'c(,l1~ \\'.P________________! fl. 0 
Isoc\nn, DO pcrcrnt \\ .P___________________ I 2.5 " 1 ' 

Endrin,50 j)rl'cC'nt W,p-c-----------------l 2.5 
] 

i.l 
nilan, ·l.S to 50 pereent W.P____________ --- fl. 0 'I 
HH0, tr('hnical \\'.P.4___________________ 5.0 11 

BIlC, technical 1\'.1'.5 ________________ • ____________ .i 1 

I · I ')- t '\\- l' . I1-­,1l1CtlllC', _D]1rrc('I1' ,.:----------------.:--- •. " .
Toxn,phcuc, 40 percrnt Ir.p _______________ 1 5.0 ;) 5 
DDT, 50 ])('rccnt W.P ____________________ - ____ • __ ._1 2 1 
TDE, 50 prr('cllL W.1' __________ ._ .. _______I__________ I_._______ 1 

~~11:~i~~5 pel:~::~I~P~~.-_~-_-~__ ~~---.j-_~_---~~~~t ~-. --_..-._'-__,.__,___._4 

I "".1'. it\(lic<\t~s \\'~tL~hle pow<1~r.
"l'he pnre aldrin pr~[l"rntion cOJlt:1incII 50 pcrcent pure ahlrin. 
3 'I'h" wehnical aldrin Ilr('pamtion contained 50 p~recnt t~cllllical aldrin (47.5 percl'nt pure aldrin 

equivalent nnd 2.5 percent chlorine·benring impurities) . 
• Containing 6 percent gamma isomer and 0 porccnt other isomers. 

, Containing 12 percent gamma isomer and 18 percent other isomers. 


http:rccei.yc
http:treaJi.ng
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At State College, Miss., a small compressed-air knapsack sprayer• 7 

was used. Spray mixtures of known concentrations were prepared, 
each in a constant amount of water, in excess of the amounts required 
to cover single plots. The required amount of insecticide was delivered 
by rapidly and repeatedly covering the plot. with spray during n. pre­
determined time-interval. Calibration of the sprayer, starting with 
constant amounts of mixture in the tank and approximately equal 
pressures for each run, showed that the desired quantity of mixture 
could be cldivered repeatedly with reasonable precision in a measured 
time-interval. Applications were timed with a stopwatch. To verify 
the intended applications, the quantity of mixture remaining in the 
tank after application was measured. 

CROP RESPONSES 

• 
The primary purpose of this work was to determine possible effects 

of insecticide residue acctunuJations in the soil upon plant response . 
Incidental to tdlOrdillg chances for residues to accllmulate, it was ob­
viously necessary to apply the several insecticides to the foliage of 
crop plants. DUl':ing this possible buildup period any differences in 
crop growt.h associated 'with treatment might be caused by the imme­
diate and direct effect of the applicatjon to the :f'oliage, instead of, or 
in addition to, any residue tllat might have accumulated in the soil. 
This buildup period, hmvever, ,vas not useless as a source of informa­
tion about residue eil'ects. 

The dosages used, although heavy, "-ere intended to be within safe 
limits insofar as any immediate and direct effects on the plants were 
known. So little was kno,,-n, however, about some of the ne,yer sub­
stances when the work was started that there was some risk that 
some immediate and cl-irect eil'ects might occur. If such effects 
occurred, true residue effects could be determined only by growing non­
sprayed crops a:fter a series of sprayed crops. On the other hand, it 
should be reasonably safe to conclude that in the absence of any etl'ect 
associated with treatment-, no harmful r(>sidlle effects were present. 
This consideration is of particular importance regn,rding some of the 
treatments at some locations ,1'here the frequency of applications and 
total amounts applied were very high. 

RESULTS 

PRELIMINARY WORK AT BELTSVILLE, MD. 

TESTS IN GREENHOUSE 

Duplicated Treatments 
In the greenhouse exploratory tests involving only duplicate plots 

of each treatment, great differences were necessary for statistical sig­
nificance of differences between treatments within single t~sts. Single 
tests rarely showed such diH'erel1ces. Aside from 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 ::mccessive plantings with 10 jnsecticides over nearly 3 years and 



8 TECHNICAL BULLETIN 114!l, U. S. DEPT. OF AGRICULTURE 

the behavior of 4: l10nspraycd pJantingsin soil 1n which plants 11ad •been spmyed earlier, using the 10 lnsectieides. In the first group of 
5 tests jnvolving 15 spl'a,yings at :) pounds per n.crc, tf\chnicltl RHO 
was the only insecticide that appeared to produce markedly different 
r~ults from . all the othcys. (h'o';vih on l?nC-spraycd plots ,ms only
?I percent of the nonsprayed ('ollteols, ",h11(' on all other sprayed plots 
lt was about GO to 70 percent. 

TABLE 3.-Growth 1'esponses of 01'OP plants in eXJpZo1'atory tests for 
((.ocwnlllatin,cJ insecticide reSi(UlleS in soils th1'ough foliage sp1'ays" 
g1'een7wuse benohes, Beltsville, illd.) 1950-53 1 

Early total growth per plot of successive plantings of 
test plants following accumulative applications 
shown in percentage of check . 

-------_._--------------
Test plants sprayed • 

________________ T('st plnnts not 
sprayed: Corn, 

Insecticide llpplird B<'l'is, spinach, Tomnto, squash, bean, and soy­
:;Oyl)(,llll, :;llllP corn, whellt, and bean in 4 tests; 
beall,. and ~or- cotton in II te:3ts;. accumulative ap­

ghum in 5 te:it:;; :.lccumlilatin~ ap-I plications of in­
acclIlllulaliv(' np- plications of in- Hccticide up to 
pliC'tttions of ill- :;l~cti('icle up to 255 pounds per 

spctil'ide up to 75 225 poull(h; per acre 3 

pounds pC'r aere ncre 2 

---;m('I~--I---;erml-t-- ---;)ercent --

Aldriu________________ G!l \ GO fl5 

Dieldrin_______________ O!l G2 flu 

Chlordane_____________ 7·1 00 100 

Toxaphene____________ GO i 47 10·1 

TDE_________________ 70 I' 55 lt5
DDT_________ ._______ fi2. 5,b 105 

]\fcthoxychlor._________ !i!l no 70 

BIlC, tpcllllicnL_______ a7 l!) SS 

Lindano ... _... _____ ... ______ 6l 85 no!: 
Ovotmu_______________ ________________ 72 07 

Significance or cliITer- Between 5- aud Above I-percent Below 5-percent 

encrs. i-percent lcyel. level. level. 


I Reo t:lbJe 5 for persistence of ins celie ides. 

, OYotran applied up to 150 I)OlludS portlero. 

3 Ovotrannpplied liP to 180 pounds per acre. 


In the succeeding 11 tests inyolying all additional total of 30 spmy­

jngs at the same mte, techllic:tl BHU did Q\'cn more serious injury to 

gl'o"\\-th t11l111 for the Jirst 5 tests, nnd the effects of lindn.ne appeared 

almost as serio11s ns those of tcclmicn.l BUe. Growth on Ovotmn­

treated plots wnsc2 percenl· of' the ('ontrols n.nd tlUlt of other treated 

plots ranged :l'rom about 50 to GO percent of the controls. In the sec­

ond group of tests the treatments ltYel'aged consistently a little more 

harmful than in the iirst. This may Imve beell cftused in part by the 

accnmulati YO efl'ects of the jnsecticjdes building up in the soil, but 

the harmful effects ('ouIcl 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 spl'ayings was to accnmulate a, residue of insecticides ill the soil to • 
9 

be measured Inter. The response of the sprll,yecl pJants is of secondary 
interest. 

The fourth column of table :5 relates to unspra:yed test plants. The 
a.verage response to treatments in foul' tests was not significantly dif­
ferent from the nonspl'ayed controls in soil free from insecticides. 
Not eyen the BIle ancllinclane plots showed any marked difl'erence in 
the average of foUl' tests. The results in this column suggest that the 
efrects noted in the two spntyed groups were caused largely by direct 
eli'ects of the hea,yy sprny dosages used in efrorts to nccmll11late residues 
rapidly. 

• 

Table "1 shows the response of unsprayed Stringless Black Valentine 
bean to the soil of the se\'eral sprayed plots after it had been exposed 
to leaching as described on page 2. This ":triety is very sensitIve to 
DDT. The a('("umulatiolls of ])1)'1' and of TDE, n, reln,ted compound. 
appeared definitely toxic to this bean, as did the accumulations of 
dielclrin and O\'otrnn. Although the yields of beans from aU treat­
ments ,yere lpss than the control, yields from some of the treatments 
"-ere wry slightly less, and ollly four yields were significantly belOW 
tlle COll trnl. 

The second column of table 5 sho',l"s the approximate percentage 
of the insecticides that was fOllnel in the soil of the respectiye sprayed 
plots. The four substanees that depressed growth of bea1l s;gnifi­
cantly (table 4) all showed n, more markNl tendency to accumnlate 
than did any oth('rs, except methoxychlor. This insecticide, anothel' 
member of the DDT family, has b('('n e]s('where found to be rather 
highly stable but far less toxic than DDT to plants. (It is also n, 
somewhat ]pss potent insecticide and is Jess toxic to w:lrm-blooded ani-

TABfJE 4.-Gro'Wth 1'eS])071S0 0/ Strin.qless Blacl.: Valentine bean a/tel' 
rt(,Cll7Hulative applications of )J/iO pounds pet' acre of ,znsecticide; 
teRt (,J'Op not spl'ayec(: grown in greenhouse bench a/tel' leaching of 
soil. to 1'omove inol',qanic salts, Beltsville, lllcl., 195.4 1 

-Weight of 
Insec( icicle applied plallts per 

plot"

------------------------------'--;;;lms ­
Jj\~~:-:lt:,~;_-::::::::: ===_: == _= = =~ =-: :-: == ==== == ====:-=====_==: I g~~*Chlordane ____________ . ___ .. _______________ • ________________ . G7·l 
To;mphctl(~ ______ .- ___ ,- ._" .. __ • _ __ _ __________ !ill 
T DE ________ • ___ - __ __ _ _ _________________ ) 5:lG* 
DI)'f____ ._______ __._____ -._ -------------i 521*
;\fcthoxychlol' __________ '- _________ _________________ o:n 
B H C, teehn icnL _' _ _ _ _ __ _ ___ ' . _____________________ " _____ ; (J(jO 

~~~~~~c~-~-~~~ =~===~:::::=::== =~_ == =: =: =~:=:= == ~ ======= ====== =1 ~~!* 
Least significant difference tlt 5-pcrcpnt Ic\'cL------------------i OS 

1 See table 5 for persistence of insecticfues. 
, '=significllnt nt the ,;·percent le,'e!. 
, 120 pounus per aere accumulative application. 
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'l'ABLE 5.-11oo1l111!ulation of oertain i'nseotioides in soil following foliage applioation at oumulative q1tantities shown >3 
for ewplomt01'Jj tests in g1'eenhouse and in oolclframes, Beltsville, JJId., 1949-53 t-:1 

Recovery of organic chlorine 1 in percent of total pounds per nere of material 
applied in- I 

b:I 

Coldframe test 2 after-Insecticide applied Greenhouse 
test; 31 E 

months, 15 12 months, 2'1 months, 36 months, 48 months, 60 months,spmys, total ~ 10 sprays, 20 spmys, 31 sprays, 33 sprays, 33 sprays,225 pounds 37.5 pounds 75 pounds 116 pounds 124 pounds 124 pounds I-' .... 
01>­
<=> 

Percent Percent Percent Percent Percent PercentAldrin _________________________ _ 31 16 10 13 6 6 ~ 
Dieldrin_ (}8 37 3,l 37 29 34 r'lChlordane______ _ 35 11 8 12 10 JODDT______________________________________ _ t:185 51 '10 42 32 ::14 
Methoxychlor- 89 40 37 37 18 6 t::l 
TDE-_______ _ 83 35 '18 47 36 41 ~ BRC, technicaL____________________________ _ 43 18 12 12 9 8
BRC, alpha____ _ IS 18 11 9 7 () o 

"'1BRC, beta______ _ 66 56 52 51 35 35
BRC, gamma_______ _ 21 18 12 9 () 6 o>­
BRC, de\t;a._ 45 39 34 25 18 18 l:t1 
Lindane. 29 11 5 7 6 ,1
Toxaphene___________ • ____ _ 66 32 34 38 30 29 

I Determined ns organic chlorine and caiculated to Insecticide equivalent. 
2 Sec 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 hen,vy sprayingsover a period of nearly 3 yen,rs. The ben,n test shown in table 4 wasrun more than a year after the determinations sho,vn in column 2 oftable 5.

Toxaphene here shows about the same tendency to accllmulate asdoes dieldrin and nearly n,s much as DDT, but pound for pound itappears much less toxic than dieldrin or DDT to most test plants ,vehave tried. Aldrin, technical BHO, and lindane, among the COlll­pounds shown in tables 3 and 4, are the least likely to accumulate inthe son in large amounts. 

Nonreplicated Treatments 

• 
One side bench was used over a 3-year interval for observation oneffects of repeated sprayings with technica,l RHO and the alpha, beta,gamma, and delta isomers of BHO. Accumulative applicationsreached 150 pounds pel' acre. Small-grain varieties were highly sus­ceptible to injury in these tests; corn and sorghum somewhat less sus­ceptible. The alpha isomer appeared injurious to oats but J10t to rye,sorghum, corn, cotton, and berms. The delta, isomer appeared mostharmful to these test, plants; the tec1mical mixture and beta isomerwere highly toxic, with gamma isomer moderately toxic.
NOllsprayed corn appeltred injured by soH residue only in the deltaand beta isomer treatments, but nonsprayed oats was injured by resi­dues of all BHO materials.
Table 5, column 2, shows that, of the BIlG isomers alpha and gammatend to accumulate the least, while beta and delta accumulate morerapidly. 

TESTS IN COLDFRAMES 

• 

In 1949 a series of spray-accumulation tests was established onOhester loam soil in coldframes wit,h 13 substances at 2 levels in eachof 2 frames. Here, as in the greenhouse, the main objective was toget some idea of the rates at which t,he sev!3ral substances wouldaccumulate in the soil following frequent heavy spnty applications.The growth responses of all the sprayed crops were analyzed stat,ist,i­cally. Lack of significant di1ferences would indicate no harm fromeither the direct applications or from such residnes as might ha:veaccumulated, but, differences (when phnts were sprayed) could becaused by either one or both conditions.
Table 5 shows t,he list of 13 substances l1sed. Table 6 summa.rizesthe result, of 16 successive test crops growll and also SllOWS the accumu­lative total amounts of insecticides applied through tIle growing ofeach test. Individual spray applications were at the rates of 2.5 -and5.0 pounds per acre. Only 2 trne replicates were established for tl]eseexploratory tests. ",V"ith 2 rat-es of app1ication of each substance, how­ever, considerably more pl'ecis~on was possibl.e than in the greenhousetests. Table 7 shows the dett1l1s of results WJth plants grown in 1954n,fter treatments had been discontinued.
Tahle 6 shows that significant differences in growth were noted with­in only 4 of the 16 test, crops grown over 5 years: One crop of beans,1 crop of radishes, m~dl c~op of rye, all of which are high!y sensitiveto '1 or more of the 1l1sectICldes used, and 1 crop of turmps. Thes~ 
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'TABLE 6.-Surrvma1'Y of response of crop plants to accU'lnulation of certain insecticides in the soil thro~£gh foliage ap­ .....plioations to S1tOoessive orops,. coldframe tests, Beltsville, Md., 1949-54 1 ~ 

Accumulative amountsl . 
8

'T . . d"d II of insecticides applied Iv, Id d d t;:J
est plapts grown 111: III 1V1 ua per acre 1.1e s recor e Response to treatments 
tests, m chronologICal order . on­

------------1 Light rate IHeavy ratel_____________________________ I 
Pounds Pounds ~ Rye________________________ _ 10 20 

17}'2 35 Pods, vines __ _ Differences not significant.l?ea, garden_____ _
Bean, snap, bush ____________ _ 25 50 Pods______ --- Do. 

Do. 2 ______ _ 25 50 Total tops__ -- Do. !_____do ______ _ Do.Rye____ _ 27% 55 _____ do ______ _ Do.32}~ 65.Pea, garuen _____ -- --- --- - ---- 75 !_____ dO______ _ Do. ~ 
371'2'Corn, sweeL ___ - --- - --- - -- --- 85 _____ do______ _ Heavy rate delta BHC significantly toxic. DDT and tech­ ....

Bean, snap, bush ____________ _ 427~ ....nical BHC at heavy rate tended to be toxic but not sig­ II>­
nificantly so. <C 

50 100'Oats______ - - --- -- - -- - --- - - - ­ 115 Pods, vines ___ Differences not significant. ~ 57%Pea, garden__ - ---- -- - - - - -- - - ­ 135 Total tops____ Do. rJl.Bean, snap, bush_____________ 67% 
75 150 Total plants __ Delta BHC at both ratcs and technical BHC at heavy rate

Radish_______ --- ---- - - - - --- ­ greatly depressed yields. Differences significant. t:l 
Rye_________________________ Total tops____ Significant differences ac heavy rates. Beta, technical, and t;:J 

77% 155 
delta BHC definitely toxic. ~ 

·Oats _______________________ _____ do_______ Differences not significant.
2 77~ 155 _____ do _______ o

Bean, snap, bush _____________ 827~ 165 Do. !oj
DDT, TDE, toxaphene, and BHC depressed growth sig­

------- >­nificantlv.rOPL

i 
o

'Turnip 2________ -- -- ---- __ - --I 82}~ 165 Roots________ Only beta 'BHC d.epressed growth significantly. 

Total plants __ Only toxaphene depressed growth significantly. 


165 Total plants __ Differences not significant.
82H 165 Pods _________ DDT plots produced smallest growth. Not significantly82%Bel'n~~2~~~~~~~~~==== == =====1 below control. ~ 
At light rate of application, significance below 5-perceni. t;:J 

'Overall significance of response I ­ --+-- --- ----1- ------ ----- -- level; at heavy rate of application, significance above 1­
to treatment. percent level. 

2 Not spmyed.
I Sec' . 5 for substances applied to foliage and tendency to accumulate in soli. 

• 
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TABLE 7.-EfJeot.f! of spray aoourrllUlations in soil upon growth oft'/.fIJ'nips and beans that were not sprayed; ooldframes, Beltsville,iUd., 1954 

Yield per plot of 2_ 

Insecticide prevously Turnips Beans Beansapplied 1 

Roots 3 
Total Total Total

plants 3 plants 3 
Pods plants 

• 
Aldrin __________________ Pounds Pounds Pounds Pounds Pounds
Dieldrin_________________ 8. 0 15.8 6.0 2. 8 5.6
Ohlordane_______________ 

8.9 17.1 5.1 2.2 4. 7
Toxaphene ______________ 8.6 17.7 6. 0 2.8 5. 9

8. '1 15.0* 6.0 2.5 5. 2DDT, technicaL _________
TDE__________ ..: ________ 8. 3 15.7 4.7* 2.0 4. 2
Methoxychlor____________ 

8.5 16.0 5.1 2. 2 4.6
BHO, technicnL _________ 

9.3 18.1 5. 8 2.6 5.7
Lindane_________________ 8. 1 15. ,1 6.1 2. 9 6. 1 
~one___________________ 8. 7 16.5 5.7 2.8 5.98.6 17.3 6.0 2.8 6.1 

L. S. D. at 5-percent leveL (4) 2. 0 1.2 (4) (l)
BEO, alpha _____________

beta______________ 9.1 16.7 5.6 2.8 5.57.1* 13.3 5.6 3. 0gamma____________ 5. 7
delta______________ 8. 0 14.6 5. 5 2. 7 5. 1

___________________ 7. 6 14.7 5. 7 :3. 0 5. 8~one 

8.6 15.7 5.4 2.8 5.6 

L. S. D. at 5-percent leveL 1.2 4.0 (4) (4) (4) 

I Totnl accumulative application 1950-53 was 82.5 pounds nnd 165 pounds, respectivcly, at 2 lo'·cls (seetnble 6).
• 'Wlth no effcct or "10\'01" or npplication, fignres In tnble nre mcans 0[2 levels.• '=signillcant at tho 5·pcrccnt lovcl.
• Not· significnnt. 

significant responses all occurred after considerable accumulativeamounts of the insecticides had been applied. It is not clear, however,to what extent soil accumulations Illay have contributed to these re­sults, except with turnip, which '.\'US not sprayed. Two crops of beansafter treatments ceased failed to show significant harmful effects oftreatment (table 7). Only beta, delta, and technical BHG producedsignificant responses in s1?rayed crops, although hettvy applications ofDDT tended to depress YIelds of beans.
'When the results of the 13 tests through the last spraying werecombined (table 6), using the interaction treatments X tests as ameasure of significance, variances in &rowth on the plots receiving thelight rate of application were below tne 5-percent level; variances forthe high rate were above the I-percent level. Most of this effect wasthe result of direct toxicity of tho heavy dosages of technical BHGand the beta and delta. isomers of BHG. 
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The third to seventh columns of table 5 arc the means of thf>, 1?cr­ • 
ccntages of rl'maining insecticides for the two r[ltes of apvlicatlOn. 
Variance analysis of the entire body of data sllO"wcclno slgnifi.cant 
differences in the percentage of accumulati\"(; applications detected in 
the soil at the two rates. The powuZaqe deteded in the high-rate plots 
was approximately double that in the low-rate pJots, but the percentage 
rates of accumulation were essentially the sallle for both dosages. 

After 33 spl'ayings o,·er 4 yea I'S ,yi th acclll1lul:lti ve applications of 
83 and 165 pounds per acre (mean 124 pounds), percentages ranging 
from 6 to 7 percent of alpha. and gamma, BHe, ahh·in. and metho~'y­
ch]or preparations up to about ;};) to 40 percent of tlll' 'IDE we}"C found 
in the soil. TDE, DDT, bet:L BHC, and dieldrin a('('llll1ulatrcl most 
rapidly of the substances used in this series, with an :lYcrage of about 
35 percent remaining. Toxaphene accllmulated lll'arly as rapidly as 
the four snbst:anc('s just mentioned. Technical BnG and chlorclane 
appear to be among t]lC less pl'l'sistC'nt subst:mcC's, with only abouf-, 
10 percent rC'll1ainillg; in tIl(' soil lL year after cC':::satio~l of ± years' 
applications. 'Icchnicfd BHC appears more persistent than the alpha •
and gamma isomers, doubtll'sS because of. the l'C'lat'iyely pl'l"sistent beta 

and delta isomers that it contains as impurities. The rC'Sults for chlor­

dane arc a bit C'lTlttic, but it appears to accumulate little more rapidly 

than a1<lri11 ancl tcchnicltl BIle, and much less l'llpitlly than toxaphene 

anel diel(lrin. 


The seventh column of table 5 shows the residues a year after the 
4: years of spraying was tC'l'minatccl. About -10 pC'l'cen(:·· of the TDE; 

35 perccnt of the diC'ldrin, DDT, and bctlL BIfO; and 30 percent of. the 

toxnphC'ne rC'mnined. Only S to 10 percent of the (('el\nical BHC and 

chlon1nne remained, :mel about (5 percent of thc al(lrin, alpl1a and 

f!amm[l BnC, and mC'thoxychlor. 


Table (5 shows that eit'i1E'r om techniqucs ,,·ere rathcr rough or the 

l"llte of accumulation of these scnral substancC's varied considerably 

from ycar to year. For unknown rC'asons, the dahl for most substances 

formed relatiYcly flat CUITC'S. The fign1"t's Jar the last 2 years, how­

eVC'1", snggest more c1efinitC'ly the relative ratC's of accumulation and 

clisappearancc.

Thus~ in the long run, it appC'ars that about 75 to flO perccnt of the 

dieldrin, D1rr, TDE, bC't:t BHO, and toxnpllC'ne llSNl en.ch year tl'nds 
 •to reach the soil amI pC'I'sist IIntil the l1ext; Gi) to "TO pC'l'ccnt of the 

methoxychlor and (lC'lta HIle; and·W pel'l'ent 01' h'ss of aldrin, chlor­

dane, tt'chllical BIIC, alpha BHC, gtlmma JHIC, an(l lindane. In 

:fact, only about 10 to ~() pelTl'Ilt. of these In::::tWCI'l' reeoycrl'd in the 

fi.rst 2 years, but the latel" rl'coYC'l'ies SllggC'stNl a higher rate of accumu­

lation than that. 

.:\.t SO-percent persistew'C', tllC' aceumnl:ttion ,Yollldll'n'l ofl' nt about 

'b tin1C's the annual rate' of appli('tltion in about. 20 Y(':ll's. At 70 pel'­

cent, aecul11ulation willlL'vC'1 oJI' (It about. ~I:\ timps (lH' HllnUall'ate in 

abOlit 15 years; at ·10 percent, it will JC'\"el ofr at about two-thirds the 

annual rate in (} or 7 years; but with only 20-pC'l'cent persistence, it 

,rilllcvel off at about one-quartC'l· the annual application in about 4 

ycars. Under otllC'1" cOIHlitiolls ll111tprially <lifl'C'l'C'nt prospects may 

appear, as in column :2 of table 5. Figure 1 shows the concentrations 

that would be present irnmediately before the next succeeding annual 

application. 

• 
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FIGURE I.-Calculated amounts of insecticide ncculIlu!ated in soil follOwiJlg appli­

cations of 10 pounds per ncre per year, assullIing 40-, GO-, 80-, and flO-percent
pel'sistence nnnually. 

ACCUMULATIONS OF INSECTICIDES IN PLANTS 

.• Determinations of organic chlorine were made in samples from one 
crop each of tUl'l1ips and beans ~rown in 1954 on these exploratory plots 
at Beltsville. Turnips showecl no organic ch10rine wlthin limits of 
error of the method. Snap beans showed none frol11 the plots treated 
with aldt'in, methoxychlor, or lindane. Less than 0.1 p. p. m. was found 
in those from the toxaphene treatments, 0.2 p. p. m. from the TDE 
tL-eatment·s, and 0.3 p. p. m. fl'om. the heavy dieldrin treatments. In 
beans frol11 the light treatments with chlordane, 0.5 p. p. m. of organic 
chlorine was found, but none in those from the heavy-treated plots, 
thus l'llising some question about the validity of the figure just given . 

.A few samples of garden peas from the plots receiving different 
j~omel's of BHO were analyzed for the respecti.ve isomers. Amounts 
of 0.1 to 0.2 p. p. m. were found. 

TASTE EVALUATIONS 

Turnips from the eoldfnunes in 1954: (sec tables 3 and 4:) were 
rated for quality. Roots £1'0111 control plots scored 4.6 out of a pos­

http:respecti.ve
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sible score of 5. Turnips :fr6m plots treated with various indicated •substances scoreel as follows: Purified gamma BHC, 2.9; commercial 
lindane, 2.'1; technical EHO, 1.7. AU roots :from these treated plots 
showed significal\t oiI-flavor and low accp.ptability. 

COOPERATIVE EXPERIMENTS, BElTSVILLE, MD. 

CROP RESPONSES 
Since the G- by G-:foot plots established in quadruplicn.te in 1951 

yielded relatiYely precise and signifi.cant crop elata, the results are 
presented in detai1. The first fjye t('s(; ('rops growll ,,,ere all heavily 
sprayed with l11seeticidt's~ and the sixth crop was Dot sprn,yec1. Table 
8 shows tlHlt signilicant dilrerC'n('es occuLTed among treatments in 
each crop except peas.

It. appears that oats wns SOIll('what sC'nsitjYe to t1U the substances 
used, especially to hl'ptachlor, BJ Ie, and toxaphene. Spinach grmYll 
on the same plots was wry highly sl'])sitive to BIrG. Toxaphene, • 
heptachlor. and Dillln also deprl'sspd growth oJ spinach significantly. 

Yields oJ pods of garden Iwa, grown :1$ the second crop, ,jere not 
afl'l'ctC'd sigllilic:ml'ly. 1"it'ldH of total tops of peas when 110 spmy 
,,"us a]lplieddill'cred Kignilil'tlntly {"1'OJ1l the control. The yield of the 
BIlC plots, l\owcn'I', wm; signifil':lntl.r below the yield of some oJ the 
other trC':ltlllpnt~ that wcre slightly ahoyc the control. 

III the third cro11, S11:\\1 beans, yields of neither pods nor total tops 
of nny treatment wpre signi [ieantly helow the control. The BHC 

treatliH'llt, howeycl', gavc the ]OWC'Ht yil'ld of pods and chlordane and 

HIre the lowl'st yields o{ total tops. Yields from se\'eml treatments 

were signi [-icflntl.r lower than the highest obserred in this crop. 

1{aclisll\\"lls signilkalltly injured by eycry trcatment, and especiallY 
S0 (jY HIre, Dilan, toxnphell(', and ht'ptachlor. This was true Jor 
both roots ll1Hl total pltl1lts.

The fifth ('1'0]) gro\\'l1, rye~ 'waH WIT seriol1sly injuretl by BIlG and 
also ::;ignificalltly injUl"Nl hy Dilnn, ehlor<lane, alld heptaC'hlor in 
desC'('nding oL"(lel' of H('Yeril \' . 

.AldrilL; <li(IMrin, isodriil. nnd enth-in were lJ1tC'rmediate in effect 
01l those ('rops sllsceptible to a l1lre:ttlllellts hy spl·:Lying. 

J[p:wy sprays of Bl Ie tend (0 pl'oc1uce some direet injury to Joliage • 
orsl'llsiti\'(' crops. hut the plnnts usually ontgro\\' it. 

The sixth crop, {'nrl'ot, was grOwll without spraying ill order to 

deterlllinC' efrecfs of soil a('cullluintiolls of iJIsl'ct:iei(lps :free of any 

elreds of foliage applimtions. l'nifol'l1l stands :m<1 [!To\Yth withjil 

ITl'nilll('llts rl'slIltNl in 111111Sll:tlly lo\\' ('ITOI.·". ~\s in the's])raypd (TOpS, 

tL'ehnictll HT I(' plots yip hIed t 1](' \t'ast. sigl\i fictlntly 1>elo,,' the controls. 

Pnrl' aldrin, l'IHlrill: l]('pttll'hlor. :lud tox:tphl'Jl(' l'l'sitlllC's slight:ly and 

signifi('n.ntly (ll'Pl'l'sspd root yil'lds. 'I'l'chnielll aldrin, heptachlor, 

chlonlane, ellclrin, and [oxap!JC'1l0 slightly dC']lI'essl'll yields of total 

pbJ\ts sig11ifiellntly lmt not tht' root yil'lds. Thus, the :teClll1l11l:ttiye 

hftl'mJlll l' ffed of n'sidUl'S of most of' Ih(18e suhHtn l\(,l':;< on growth 

of' carrot is llll';tSlIl.'al>h' • ~ 


Following an alliulllll coyer ('rop of A1JJ:lIzzi rye that· was i.n:ulwrt­

Plltly gi\'P11 a d(lllhl(' tl'l'tltntC'nt and thl'l1 (:lll'ned UlHlpJ: in .Tllllnn.ry, a 

second crop of SP1'j ng carrots "'flS grown in 19;i4. 


• 


http:quadruplicn.te


• • • 

-----

--------- --------- ---------

It 

TABLE S.-A.ccumulative applications of ce1'tain insecticides and their effects on growth of oats, spinach, peas, snap l2! 
oean8, radish, rye, and carrot, mttdool' j1'a11WS, Beltsville, Md., 1951-54 ~ 

g 
Accumulative total jii~ecticide applied per acre to foliage and yield per plot of crop shown I Cl .... 

t:::I 
t;j: 

First crop Second crop, pe!t Third crop, benn rfr 

--------------- >tj.-------------- -------------- t:tIInsecticide applied 
Yield of- Yield of- Yield of- ~ 

Total in- Total ill- --------- Total in- >­
'->secticide secticide secticide '->Oats Spinach Total TotalPods Podstops tops tops tops ~ 

---------------- ----------------------------

IPounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds
Aldrin, pure ______________________ 10 9. 9* 3. 5 20 5. ·1 30. 2 30 6. 8 19.2
Aldrin, technicaL _________________ 10 10. 1 * 3.9 20 4. I 26.9 30 7.0 19.2
Dieldrin__________________________ 10 !J.8* 3. 8 ?I"l 5.5 28. !J ao 7. 1 20.6
Heptachlor_______________________ Ul 

20 g. 1* 3.0* ·10 5. ,1 29. 5 60 6.8 19.6Chlordane________________________ 20 11. 5* 3. ,1 40 5.0 31. 4 60 0.8 IS. 3 zIsodrin___________________________ 10 10.1* 4. 6 20 5.5 20.7 30 S.4* 22. 0Endrin___________________________ Ul
10 9. g* 4. 5 20 5. 1 30.4. 30 8.7* 22.7 oDil[lJL ___________________________ 20 10. ] * 3. 3* ·10 6. 'J 31. 8 no 7. (\ 20. (\ t=+BHC, technit'aL __________________ 20 9. 5* .()-* ·10 5.0 25.8 00 6.4 18.7Toxaphene_______________________

None____________________________ 20 8.0* 2.1'" '10 5. 8 30.0 GO 7.5 20. ·1 @ 
12.7 4. 1 4.0 20. G 6.9 20.2 

t:tI
IJ. S. D. at 5-percent leveL _____ ._._ 1.0 O. 8 1.4 o--------- --------- --- ------1- -- ------1-- ------- /---------

'-> 

>0 

See footnotes at end of table. ~ ...; 
Ul 

i-'­
'-l 
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--------------- ---------------

____________________________ 

---------- ---------- ----------

• • • 
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TABLE S.-Accumulative applications of certain insecticides and their effects on growth of oats, spinach, peas, snap ~ beans, radish, rye, and carrot, outdoor frames, Beltsville, '.Ald., 1951-54-Continued c 
~ 

Accumulrttive total insecticide applied per acre to foliage and yield per plot of crop shown t:d 

~ 
Fourth crop, rnc1ish Sixth crop, carrot 2 

to:!1_ Fiftl~LloP'~~ ~ 
Insecticide applied ....Yield of- Yield of- .... 

II'­Total in- ---------- Total in- Yield Total in- -------_._-
<C 

secticide secticicle of tops secticideTotal TotalRoots Rootsplants plants ~ 
en 

Pounds Ponnds Pound.~ Pounds Pounds Pounds Pounds Pounds
Aldrin, pure______________________ ~ 

40 7.2* 12.0* '15 9. 0 45 15.9* 36.6
Aldrin, technicaL _________________._ 40 7.3* 11. 8* 45 8. 5 45 16. 3 32.6* ~ Dieldrin__________________________ 40 7.1* 11.7* '15 8. 8 45 16. 3 38. 6 Ileptachlor_______________________ 80 3.4* 6. 2* 90 7.2* 90 15.9* 33.5* ~ Chlordane _______________________ 80 D.- D-* 8.1* 90 7.1* 90 16.6 32.0*Isodrin___________________________ 40 7.5* 11. '1* 45 7.9 45 16.8 3G. 0 15Endrin___________________________ 

40 6.7* 11. 3* .45 8.0 45 15. 9* 33. 8*Dilan____________________________ 
80 1. 9* 3. 3* 90 5.5* 90 18.1 36.3

BIlC, technicaL ___________________ 80 .3* .7* 90 1. 6* 90 14.6* 37.7Toxaphene________________________ 80 2. 5* 5.0* 90 7. 7 90 15.4 31. 2* 
~one 

9.5 14. 5 9.3 17.7 39. 7 ... --------- ---------- ---------- IJJ. S. D. at 5-percent leveL __________ 1.2 1.2 1.8 1.7 5. 9 



---

•
'. • • 

Eighth crop, carrot 2 3 Ninth crop, beans 2co ~ 

00 t'j
CO 
<:> Total insecticideInsecticide applied<:> .... Yield of- Yield of-
I ~ 

Roots Total plants Pods 
t'j

Total plants 
UJr -------- "tj 

Pounds PoundsAldrin, pure. _____________________ Pounds Pounds Pounds 
Aldrin, technicaL _________________ 65 24.6 41.9 ~ 6.9* 13.2*Dieldrin __________________________ 65 26.2 42.4 ;.­8. 3 15.9Heptachlor_______________________ 65 24.5 42. 7130 7.1* 13.6*
Chlordune________________________ 23.5 30.2 6.9* 13. 7*Isodrin___________________________ 130 24.9 30.3 8: 7 16.6EndrbL __________________________ 65 25.6 4.3.0 7.3* 14. 1 * iDilan ____________________________ 65 23. 3 40.1 

j7.4* 14.0*130BHO, technicaL __________________ 25. 4 41. 0 7.4* 13.9*Toxaphene________________________ 130 21. 2* 36.8* 5.6*130 10.5*None___. _________________ • _______ 22.1* 37.7* 7.6 14.9 UJ----------------- 25. 7 'J5. 1 8.5 16. 2 
~ 

L. S. D. at 5-percent le\'oL _________ 
UJ----------------- 2.8 7. 1 1. 1 2. 0 o 
tl

J '=slgnlflclint nt. thr 5·prrccnt Ic\·~I. 

, No Insecticlde.- applIed to thIs crop. 

'Seventh crop wus rye, sprnyed douhle the usuul qUllntlty o!Insectirlde, nnd turned under ill.Tnllunrr. 


C * ::l:I 

~ 

~ 
~ 

~ 
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00111])arison of the two crops of carrots (table 8) shows that several 
of the lllsecticide residues that signiJicantly decreased yields of roots 
or total plants of the first crop did not signi fical1t1y reduce such yields 
in the second crop. Yields of roots and total plants were reduced in 
the latter crop only by teclmical BHe and by toxaphene. Heptachlor 
and chlordane, used at the same rates as technical BHO and toxaphene, 
appeared again to depress yields somewhat but not significantly. 

The grea/'cst depressions in yield wel'e less than 20 percent below 
the controls out were significant by yirtue of a nice degree of pre­
cision; the least significant differences 1:01.' both crops of carrot roots 
were approxirnately 10 percent of the control plots. 

ACCUMULATIONS OF INSECTICIDES IN SOIL 

Table 9 SllOWS the percentages of the seY(~ral insecticides found in 
the soil 1, 2, and ;3 Yl'al's a:l'tl'l' starting treatml'nts, together "with 
accumuJaLi \'e amounts of: l'aeh appliecl before l':tC'h sampling. Soil 
samples wl're taken each ftll11ll11n. 

For rl'asons not cll'ar, the n.J1lounis oJ endrin detected are in some 
donbt; they arc HUl'])l'iHingly high, 100-percl'nt recovery of the COlll ­
pound in thl' fil'Ht :2 ,\'('ars. .\lthollgh possibly in errol', thl'se yalul's 
HUggl'St vcry high sfabil ity and tl'n(leney of eJl(lri It to accumu late. 

Dieldrin, ])ila11, and toxaphene are next most persistent, showing 
about 50-percl'ni l'l'COYl'l'Y after :1 Yl'ars, 	 Isodrin and 11eptachlor also 
seel1lrathl'r highly persistl'nt, with about 3.> percl'nt remaining. RHe, 
as in othl'r iI1st:lnl'p~, c]('ft,!'ly neCll111 uhtt('d the ll'ast, "with about 5 percent 
remaining. Aldrin twd chlordane are in terml'diatl', "with about 18 
percent showing up after 3 years, 

TABL1;; 9.-I1lBectil'idc8 1'emaining in soil after foliage applications to 
successive c1'opsin mddool' frames, B eZtsville, L1fd., 1951-54 

Rrco\'C'ry of Ol'R:111ic chlorine from soil I in percC'ntagc 
of toldl pounds appliN\ per acre of material in-

I 	 3 years1 year 2 years 1
Insectiridl' Ilpplil'ci 

-T-o-ta-l---"'\'-A-m-O-l!-n-ll Total Amount TOUII 	 Amount 
rcmain­

I, 1 IrC'ml1ln- ' I" remain­
, :lPp ICC ~~I~)P leo ing 2 applied ing 2

---I II' 	 Pcrccn~, 	 POll/ld,~ \ Perc~l~ I POlLnds ! Percelt! ' PO!lIt~! 
Aldnn, pure _________ - ,10 ,{~ 	 45 11 (in 17 

19Aldrin, tC'chnicaL _____ i ·10 ·W 	 45 2\) 65 
Dield,rin _____________ i 40 7~ 	 .I~ ~\) q5 47I' 	

:3:3]~odr~n--------------1 40 , ·16 	 4~ n\) 6~ 78hndrll1 ___ .___________ 40 1 100 1 	 '.Inl, 100 60 
1Chlordane___________ 80 16 I 	 no 20 1:30 17 

:3SHeptachlor______ -----! so 2:3 I 	 00 3:3 1:30 
5BIlC, technicaL, _____! 80 7 I no 5 180 

T?~mphC'ne-----------I' so 50 00 06 1:~0 58 
'.ISDlhll1________________ so ,10 1 	 gO ·10 I 130 

• 

• 

• 


I Calculnted as representing mIxture III tho surf'I~Q 0 Ineiles, lile tll'pth to whIch the beds were thoroughly 
worked,

'Percentage of amount applied. 

• 




• 


• 


• 


• 
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A smooth CUlTe of the residues accumulated cannot be expected for 
any substance because of the il'regular applications, The excessiye 
dosages in the autumn of ID53 could upset a smooth tl'Cnd, 

ACCUMULATIONS OF INSECTICIDES IN PLANTS 
Snap Beans 

In the SLUl1mel' of 1\");32 Stringless Black Yalentine beans were growll 
on the plots set up in 1051 (see third crop in table 8) and sprayed foUl' 
times as were preceding crops, AHer the third spraying bean pods 
were harvestcd from ccrtain rows or two replicatcs 'for organic chlo­
rine determ inations, Thcre wns the, possihility or direct ab~orption 
of some of the chC'micals as applit'd 10 that crop during its growth as 
well as lIpUtke of sueh chell1ieuls or their decomposition products from 
the soil. ' 

Upon analysis, the hC'ans fl'om fllt' toxaphene plot sllOwcd O,G p. p, m, 
orgnnic clllol'inc, BpHns :fl'om plot's tl'eah'cl with aldrin, dieldrin, 
isodrin, endrin, ch lonl:lllt'. hcpta('h lot', alHl J) il:m showed no signi (i­
cant clifl'ercllce from 1hosl' of till' cl)n(:l'ol plots. Beans from the BIle 
plots were not analyzP(1. 

Entire pods from til(' ;.:nnl(' plotsw(,I'l' subjC'etl'd to hionssay by 
E. P. Lang oJ the Food and J)I'lIg ~\dlllilli;.:tl'atiO)1. Hotlse fliC's were 
expo;;e<1 to ]l('ll'oh'lIlll l'tlwr pxll.'a<'t l'Psidul'il". So im;pcticide was 
detpc[ed in extrads of poels fl'om plots [n':lt('(l with chlordane, hep­
tachlor, toxllphelll', oj' aldrin.. Results from o[Il('1' treatments were: 
El1drin~ (J.l;~ p. p. 111.; BIIC, 1J.lO p. p. Ill.; <1i01<1l'in. 0.08 p. p. 1l1.; 
isoc1l'in, 0.0-1- p. p. m. Thl' :lmouuts founel ('oulr1 \\'l'1l haye been resi­
dues on the SUL""f:H'C ioll(Hring recent spraying. 

Garden Peas 

Similar bioassay W:lS made of ::::hel1('(l peas :from a. crop spra.yed 4: 
times following pl'cceding crops that had rp('('i \'pel 4: sprnys (see sec­
ond crop in tabJe 8). Samplcs :f1'0111 all treatments except BHO and 
D.ilan wcre ann Iyzl'cl a ntl all rpsu]ts ,\'pre ncgative. According to the 
methods used, [hl' 1lIld('i('ctpd inst'c!"ieidl's could not han been present 
in amounts grcatt'l' than 0.02 p. p. lll. of aldrin, dieldl'in, or hep­
tachlor; O.OG p. p. lll. of isoclrin~ D.G p. p.m. of chlol'dane or toxaphene; 
and 0.12 p. p. m. of en<1rin. 

Carrots 

Table 10 shows tIl(', apptl]'('nt' insl'dicicle content: of CHlTot roots and 
bean poc1sin :2 suc('cssin> )'C'tll';-;, {"o,!!l'thel' w.ith the amounts of insecti­
cide applied to pl'('eec1ing crops. Th(' ntlnl'S arc calcul~lte(l from total 
oJ'Q';lllic ehlorine found in l'X('l's;-; of that in carrots from untreated 
plol:s. It is no!' el('Hl' why the l'CjlJiYall'llt amollllts of o1'gnnic chlorine 
found in the rootR \\,('I'C gPlWI'H1Iy mnch lo\\'(,'l' in 1!)iJ·(' than in 1053, 
althongh the cOll('enil'atiollR of ol'Q':1llic chlorine in the, soil were about 
the RtlllH' ill both ),l'HI'S. (Spe possible explanation on p. 4.) 

Sampll's of carrot wcrl', also analyzed in 1054 fol' :1.1(l1'in by the 
phenyl azide-photometric mt't:hod, :l'or cl ielc1l'in by t11e redllction­
phenyl azide-photometric method, and Jor isodrin unc1 dieldrin by a 
film-exposurc bioasfiay method rmploying pomace flies. By these 
methods less j'l1ftn 0.1 ]1. p. m. of t:r('hn ical aldrin ,\'as f0l1l1d, 1.7 p. p ..m. 
of dieldrin, 0.7 p. p. m. of isocll'in, and 3.0 p. p. m. of endrin. The 
values were very close to those shown in table 10 . 
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TABLE lO.-Apparent insecticide content of soil and of carrots and 
beans foll()1.J)1,ng repeated heavy spraying of preceding crops with • 
insecticides, in open frames, Beltsville, Md., 1951-54 

1953 1954 

Insecticide applied Rccovered Recoveredto preceding crops, 

1951-53 Amount Amount 


applied l applicd l 

In In In In In 
soil carrots soil carrots beans 

P.p.m. P.p.m. P. p.m.. P.p. 'Ill. P. p.m.. P. p. 11!. P. p. 11!.
Aldrin, pure ________ 15 2.5 1.3 21. 7 a. 0 0.0 
Aldrin, technicaL ___ 15 4. 3 .7 21. 7 -I. 1 . 15 0Dieldrin ____________ 15 10.3 10.8 21. 7 10. 1 2.3 0Isodrin_____________ 15 8.8 1. ;~ 21. 7 7.1 .3 0Endrin_____________ 15 15.8 4. 0 21. 7 10.9 3. 0 0
Chlordane_____ •. ___ 30 o. 0 4.1 4:3. '1 7.5 .8 0
Heptachlor _________ 30 10.0 4. 0 43.4 10.5 5. 2 .4 •
BHC, technicaL ____ 2 82 4.3 14.9 2]1\).2 5.8 14.2 0Toxaphene _________ 30 I!l H o. ? 43. 4 2:3.0 .0 0Dilan ______________ 30 12.1 5. 

~ 

0 43.4 20.9 2.1 0 

I Accumulative toinl equivalent in parts. pcr mUlion of surface 9 Inches of soil. 
I 'l'otnllsolllcrs Ilppllcd In technIcal B lle. 

In observing the effects of the applications of insecticides to pre­
cedin¥ crops upon the calculated 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 carrots is calculated from the 
analytical figures for organic chlorine, not the specific insecticides 
determined as such, unless so specified. 

Aldrin and isodl·in stand out asappa.rently contributing to very 
little uptake of chlorinated substances by the carrots. Applications 
of aU other insecticides, however, appear to result in relatively large 
amounts being absorbed. BHO is noteworthy because it resulted 
in a concentration of orgn.nic chlorine in the roots far greater than • 
that in the soil. The plant seems to have an afiinity for BHO or some 
of its decomposition products. 

TASTE EVALUATIONS 
It has been obsC'l"\'ccl else,,-hC'l"e fI that the [layor of produce of many 

plants is readily conta1l1inated by BHO in the soil, even the flavor of 
fruits and seeds thaI: develop well above the soil surface. The adverse 
effect of BIlO on qua.Jity of root crops is well known. The United 
States Department of Agricnlture docs not recommend the use of 
BHO on any vegetable CL·Op. 

• BOSWELL, V. R., CLORE, 'IY. ,T., PI,I'I'Elt, B. B., and others. EFFECTS OF CERTAIN 

INSEC'rIcIImS IN son, UPON CROI' PLANTS. U. S. Dept. L\gr. Tech. Bul. 1121, 59 pp., 

illus. 195G. 


• 
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Table 11 shows that only the samples of carrots and beans from the 
BHC-treated 1)10(-s ,,-cl'e rated signHicantly cWrerent from the con­
trols or from other treatments. Both flavor and general acceptability 
of those samples were vcry poor. In 1953 a marked degree of bitter­
ness ,,-as noted in c-:trrots from the control plots and the treated plots 
except those rec-eiving BITC. In the BHC lots bitterness may have 
been masked by the musty flavor of BIlC. Sixty percent of the judges 
noted bitterness in the controls. Bitterness was detected in samples 
from treated plots (except BHC) , ranging from 65 percent of the 
judgmcnts for dieldrin down to 35 perc-cllt and 40 percent for purified 
and tcchnical aldrin, respectively. His possible that this generally 
OCCUlTing biitcl"Jless amI only fn.il' to poor quali ty in the crop as a 
whole may hllye masked minor diffcrences associated with treatment. 

• 
In addition to th(' gen('ral hittel'nC'ss, which 'ms probably not rrlated 

to trC'atment, a YlIJ:iC'ty of onwr undesirable {bYors was clC'sC'rih('d in 
judgments of snrll pIC's from all trC'atm('nts ('xc-cpt t'hose inyolvin)! t('ch­
]lieal BITC'. ,TudgnH'nts of :In)" on(' c1pserib('d off-flttyol' \\'p]'e too f('\\" 

'l\\l~r;E l1.-EI/('ct of 80il1'csidues of ('el'tain inBectiddes on flavor and 
gl'lu'ml u('('(';7)tauility of carrots (tIul beans, mddool' frames, Belts­
1'iIlc. JIll., 1.15:)-/;4. 

:\fpun SCOrl' for fl:wor unci nccpptnbility of crop in yrnr 
shown 1 

Pl:wor 2 Cpncralnccrptability 3IJl:lpcl iei{\p 11~{'(1 on 

prN'pding crops 


1!l53 1953 

Carrot Carrot: Brnn Carrot Carrol I B('an 

----------------;------'--·-----1-------1-------1--------:-------
Alcirin, tc·chnicaL _____ l 2. G ;---- ____ , 4.4 2.0 1________ 3.9 
Didclrin _____________ , 2. S ________ 4.6 2.3 ________ 4.1 

~~J~~;I::~~~~======:===! ~: ~ !___~~: __ ==~===== §: ~ I___~~~ __ !========ChlordILJH'. __________ i :3.0 1________ -1. 9 2. <1 ________ ! .j_ 4 
HpptaehIOl·__________ ' 2. (i l.-------\-----~--I 2.0 1_______ .'_______,_• 
:\[pthoxy('hlor. _____ . ____ ,. __________ , -J. h .________ '._______ ,1.1
TDE_. _________ .__ __ . ___ . ___ i 4_:~ L______ .:________ 3.7 
D!yl'___ . ______________ " ____ .___ .1. 2 l-------J--------l a. S 
BHC,technirnL ______ 1.0* 1.1*j' 2.:3*, 1.0*1 1.1*1 2.1* 
Lincian(' ____________________ -_______ 3.6* 1________ -------_, :3.0* 
Toxupi1('n('__________ 2. S 1 ___ •• __ .J. 6 , 2.1 t-------- 3.9 
Di!llIL._____________ 2.5, .1. n ; ________ , 2.2,' 3. (i _______ _ 
:\ollr __________ . __ . :3. I , ·1. n f .1. (j ; 2.5 3.7, -J.;3 

---;-----, .,-------- ­

~~~.D.ut~:~~~ntl~_v~lJ_~~~)_l~~_ L 0 I 0.7 I O. S 0.9 

\. =si\:niflC'!lIItnt 5-Jwrcrnt 1('\"('1. 

'5 indknt('s no oIT-I!:wor; 4, P"J'C'Pplihh' ocr-Olll'or; 3, slightly strong; 2, mod('rat<'Jy strong; 1, I'cry strong 


QIT-II:l\'or. 
35 indirnles \'(lry good; ·1~ !!oorl; 3, fair; 2, POOl'; 1, \"(iry poor g~\llrrnl uccept:lhility. 

• 
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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 reported in only 1 to 25 percent of 
all other judgments, and a green or raw taste iul0 to 30 percent of the 
judgments. 

COOPERATIVE EXPERIMENTS, STATE COLLEGE, MISS. 

CROP RESPONSES 

Insecticide applicatjons to the first crop (lD51) grown at State Col­
lege, Miss., were nlllight except in the insttmce of the 12 percent BHC. 
Through inadvertence, 17 pounds of gamma BI-IC per acre was applied 
instead of 5 pounds. To ayoicl getting the accumulation on this treat­
ment further out 0:[ line ,,-lth its companion at G percent, the next B 
llpplications ,yere omitted. A1'te1' the J-il.'s/· crop the applications of 
heptachlor, chlordane, Dilan, toxaphene, and DDT per crop were in­
creased, as shown by tile di fl'ercncps between colunms:2 ancl-J. in table 12. • 

Of the treatl1lents shmrn ill table 1:2, llone produced any significant 
efYeets on yield of the first: crops of' sn:l.p hemIS and of turnips, respec­
tiwly. In the third crop, SOl1therll pens CVi,qna. sinensis), there 
were no signi ficant el\'(·ets on pod .rie 1(1, but the weights of plants with­
out pods were reduced by ehlol'(la1lP, isoclrin, BEe, and DDT. Ti1e 
total plant weights were significantly rellucecl by all treatments except 
by toxaphene and dieldrin. It is not clear ,,-.by the effects ,yere so 
seyere on peas, since the samC' h'C'ntnlents on the same species the 
following year did not rechl(,p total plant ,,-eights ill any instnnce. 
In this lattC'l' crop, ho\\,C'ye]' (the Jifth gl'O"lYll and sprayed), dieldrin, 
ch10rc1ane, and enc1rin f;ignifiC:llltly clepn'ssec1 yieJds of pods. TUl'I1ip 
yields were not afl'ected in any of i3 years tbey "'pre grown c1C'spite the 
considerable Iota 1 applicnf"io11s 0-1' some of the insecticidC's. The yields 
of sweetpotntoC's ,yC']'e not sign i ficanily a/frc/wI, n lthough yields of the 
BHC plots rc('C'iYing ]arge amounts o:t oihC'I' isome],s in addition to 
gamma isomer "-C'1'e 11 oti cC'ably ]o·\\"er than the check 01' other treated 
plots. 

In the fil'st crop of snap 1)(,:111S DDT spmys slightly injUl'cd the yery 
~'0l1l1g pods in allrpplicatC's. Chlordane prodncC'Clmodemte injllry in • 
t\Yo 1'('pli('nles, anel isoc1rin :mcl pnelr.in produced slight injury in one 
l'C'plicate cuell. Xo noti,:C'ahlC' tlil'C'C'( spmy injl1r,V OCClllTC'd laIer. 

ACCUMULATIONS OF INSECTICIDES IN SOIL 

The pC'l'cC'ntages of H1C' sewrlll insC'etieitles remaining in the soil 
at (·his southel'll 10(,:1li011 a-rtC'r 2 years of spray n.pp]ications were strik­
ingly less than those at. Bpltsvilk The State College values (table 13) 
average 0111\' about half to (t third as gl.·C'at as those nt Beltsville for 
rOllgh\y e0l11pamble l)('l'io(ls of stlmplillg. 

AJter 2 yea.rs, apparl'lltly only lH'gligible qllantities of the BHC 
reached the soil :lnclremaineel. About 2;) percent of the endrin, toxa­
phene, and DDT l'l'mainl'd, and 10 to 12 percent of the other 
911 bstances. 

• 
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TABLE 12.-AooumuZative applioations of oertain inseotioides to foliage and their residual effeots on growth of tur­


nips, snap beans, and Southern peas, State College, II/iss., 1951-04 
 ~ 
Accumulative total insecticide applied per acre to foliage and yield per plot for crop and :vears ~ shown 

tIj 

1952 ~ 
i:Il1951: Snap 

beans l ~ Insccticiclc -~urniPs~-r---~outherr~ea~---------Sn~~ans~----

; 
I> 

_______1_______1____________________________ C:l 

Total IYield 2/ Total/Yield 3/ Total / Yicld per plot Total I Yield per plot 
insec- per insec- per inscc- ----------!..- in sec- ----------.­
ticide plot ticide plot ticide Pods IPlants I Total ticide I Pods IPlants I Total 

Pounds Pounds Pounds Pounds Pounds Pou.nds Pounds Pounds Pounds Pounds Pounds Ponnds r:Jl 
Aldrin_______________________ 5 18.8 10 51 15 2. 9 16.2 11).1* 20 3. 8 3.4 7. 2
Dieldrill_ ___ _________________ 5 18. 3 10 ,14 15 3.8 18. I 21. 9 20 3. 3 2.8 G.l ~ 
Isodrin_ __ __ _ _ _ _ _ _ _ _ _ ___ __ __ _ 5 16. I) 10 47 15 2. 9 14. 6* 17.5* 20 3. 0 3.1 6.1 r:JlEndrin________ _ ____ ___ _ _ _ ____ 5 2 c­ o15.2 10 47 15 . tI 16.2 19.1* 20 2. 6 2. 7 5. 3
Chlordane__________________ ._ 5 14. '1 25 38 45 3.1 14.5* 17. G* 65 2. 7 3.0 5.7 tI
Heptachlor ___ __ ____ _ _ _ _ _ __ __ 5 16.5 25 49 45 3. :3 HI. 2 11).5* G5 3.2 2.\) 6.1 
BRC, technical 6 percent 4______ 6 17.1 11 58 l() 3. 5 15. G* 19. 1* 21 2. 2 2. 7 '1.9 ~ 
BRC, technical 12 perccnt 4_____ 17 13.4 517 43 517 3. 5 18.7 22.2 6 17 1. 7* 3. 8 5.5 
Toxaph.. ue___________________ 6 16.7 31 40 56 3. 3 17.6 20.9 76 2. 3 3. 0 5.3 g
nUlllL_______________________ 5 o17.1 25 56 45 3. 2 16.3 19.5* 65 2.7 3. 2 5.9DDT____ .. ___________________ 5 ~ 18.7 15 53 25 3.0 15.1)* 18.9* 35 3.1 2. 7 5.8None______________________________ _ 19. 0 52 3. 5 20. 3 23. 8 3. 3 3.0 6. 3 

L. S. D.at 5-pcrccnt leveL _____ ,_______ ,_______ ,_______ ,_______ ,_______ ,______ _ ~4.2 3. 7 1.4 1.2 2.0 
r:Jl 

See footnotes at end of table. 
~ 
CJ1 



• 

----------------------------------

---------------------------------

---------- ----------

----------- -----------

___ ___ __ 

• • 

-----------

----------

-----------

• 

8 

TABLE] 2.-Accumulative applications of certain insecticides to foliage and their residual effects on growth of turnips, ~ 
snap beans, and Southern peas, State Oollege, Afiss., 1951-54-0ontinued 

Accumulative total insecticide applied per acre to foliage and yield per plot for crop and years t<.1 
shown 

-
1953 1954: Sweetpotatoes 5 ! I

t:J:jInsecticide Turnips 1 Southern peas 1 

Total Yield ~ 
Yield per plot insecti- per 

Total in- Yield 2 per Total in- cide plot 2 ~ 
secticide plot secticide .... 

Pods Plants Total .... .... 
<C 

Pounds Pounds Pounds Pounds Ponnds Pounds Pounds PoundsAldrin_____________________ , fl
25 40 ao 7. 4 14. 3 21. 7 35 25.

Dieldrin ___________________ ?l25 38 ao 6.6* 1a. :3 19. 9 35 28. 5
Isodrin ____________________ 25 43 30 6.9 13. 2 20. 1 35 23. 9
Endrin ____________________ 25 39 80 5.9* 12.5 18. 4 35 27. o t;j 
Chlordane _________________ 85 37 105 5.6* 12.7 18. 3 125 24. 7Ileptachlor_________________ ~ 85 42 105 7.1 la.2 20. a 125 29. 5 
BIlC, technical 6 percent 4___ 26 45 31 6.8 12. 5 19. a 36 27. o o 
BIlC, technical 12 percent 4__ 22 43 27 7.9 16.0 23. 9 32 16. 6 "':I 
Toxaphene_________________ 101 38 126 6.8 15. 0 21. 8 151 29. oDilan______________________ ~ 85 48 105 7. 4 14. 6 22.0 125 25. oDDT______________________ 45 39 55 7.8 13.7 21. 5 65 23. 3
None_______________ .. ______ 41 8.5 15.6 24.1 28. 5 

L. S. D. at 5-percent leveL ___ ----------- ----------- ----------- 1.9 _ w • -- ._------- ----------- ----------­ i 
I Sprayed. 0= Significant at 5·percent luveI. 2 Entiru plants. 3 Tops of foliage turnip. 

, The 6 percent BRC rontalned 44 percent Isomers other than gamma aud the 12 perceut BRC contained 18 percent other Isomers. 

I Not sprayed. 0 A preceding crop of heans, not harvested, was sprayed. 
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TABLE 13.-Aoou1nulation of inseoticides in soil following foliage appli­oation at acoelerated rates, State Oollege, Miss., 1951-53 

Recovery of organic chlorine from soil, in per­
centage of total pounds per acre of material
applied, in-

Insecticide applied 
1952 	 1953 

Total Amount Total Amount
applied remaining applied remaining 

• 
Aldrin________________________ Pounds Percent Pounds Percent
Dieldrin ______________________ 20 15 35 11
Isodrin _______________________ 	 20 45 35 14

.20 30Endrin _______________________ 	 35 11
Chordane_____________________ 20 45 35 25
Ireptachlor____________________ 65 18 125 8

65 2:3 125BIrC, technical 6 percent 1______ 	
12

168 17 248BIrC, technical 12 percent 2 _____ 	
5

Toxaphene____________________ 43 33 80 3
Dilan________________________ 76 41 151 24
DDT_________________________ 	 65 23 125 9

35 " 49 65 25 

I Appllpd as 6 percent gamma and 44 perccnt other Isomers.
, Applied as 12 percent gamma and 18 percent other L~omers.

I NODe applied since original excessive application. 

ACCUMULATIONS OF INSECTICIDES IN PLANTS
Turnips 

Turnips from the plots at State College were analyzed for aldrin,dieldrin, iSGdrin, and endrin. 

• 
None was found within the limits oferror of the methods used, agreeing with the r"lsults on turnips atBeltsville. Organic chlorine determinations revealed less than 0.1p. p. m. of insecticide equivalent as total organic chlorine in turnipsfrom plots that had received Dilan and the high-gamma BHC;0.9 p. p. m. in those from low-O'amma BHC and chlordane treatments;1.0 and 1.1 p. p. m. from toxap~lene and heptachlor plots, respectively;and 2.6 p. p. m. of organic chlorine from DDT plots. Turnips fromthese treatments were not analyzed for the specific insecticides previ­ously applied, so it is not known how much, if any, of those substanceswere present III the plant tissues. 

Sweetpotatoes 
Total organic chlorine was determined also in the marketable 9weet­potatoes produced in 1954 and calculated to equivalents of the specificIllsecticides used. Less than 0.1 p. p. m. was found in roots from thealdrin and isodrin plots, only 0.6 p. p. m. in those from the high-gammaBHC plots, and 1.5 p. p. ill. in roots from the DiIan-treated areas. 
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Roots from all other tT('ahnenU; eontained n'latiwly high equivalents •of the several insectieid('s (\('t-('rmin('d as organic chlorine. The :results 
ill parts per million 01' organic chlol'in(' frorll th(' remaining treatments 
"were: Dieldrin, +.3; endl'in, 7.3 i heptach101\ 7.5; toxaphene, 11.6 i 
DDT, 15.6 i and chlordane, :W.6. Some of tlwf'e values appear exces­
sively high in vi('w of till' lo\\' r('('o\'('ries of organic chlorine from the 
soil. They do indicate, how('wr, the very n'al possibility that sweet­
potatoes may absorb undesirnbl(' quant:iti('s of S0111(, of tlwse chlori­
nated hydrocarbons or their decomposition products. 

TASTE EVALUATIONS 
Taste tests of [1, simple ('mpiricnl nature w('re conducted on baked 

sweetpotatoes from tlle s('ycral t.rrntnwnts at State College. No 
definite off-flayors or olf-odors "were consist(,lltl.\- detN:ted, althol1gh itt 
one tasting s('ssion the roots fl·OIll the HlIC plots had a slight ofr­
f!tlYor. At a secolld session no eli Il"er(,ll(,('S wer(' nol('(1. Find iIt£!: roots 
that were definitely olr-fluvored1'rom the plots treated with low- • 
gamma BHO ,,-ouhl not hayc been Slirprising. in \-iew oJ past experi­
ence clsewhere. 

COOPERATIVE EXPERIMENTS, NEW BRUNSWICK, N. J. 

CROP RESPON SES 

Table 14 shows the response of Stringless Black Valentine beans to 

frequent and eontinuC'd spraying "with 13 insecticid('s and to any resi­

dues thereof in the soil. In addit-ion to the basic list of substances 

(see p. 6), lindane, DDT, TDE, and l1Ial:tthion ,yere included. The 

applications 0:1' aldrin, diC'ldrin, iso(lrin. ('Iltirin, Bile, lindalH'. ])1)1', 

and TDE ,n're at. 1 POlllldllC']" :1<0("(' JlPr appli(·atioll, muc-h lil!ht('r than 

those substances ,,-crc appliNl at Belts\"ille (see tablc 2). Heptachlor, 

chloTClane, Dilan, and IImlathion wC'1"e 1I pplied at -± pounds and toxn,­

phene aJ :5 pounds, [1 little 11ea;\'ier (han the. rate at Beltsville. Neither 

immediate liar aCf"lllllnl:ltl\'C, cfteC'ts of the lighter npplicl1tions would 

be expected to be as mad\:C'd as at Beltsville. 


In the first, second, and fourth crops, plots nu·iously treated with 
enclrin, toxaphen(': Dilan, anel mahthioll produced significantly • 
greater yields of pods or plants (after removal of pods) 1 or 2 times 
than did the controls. Since there ,yas 110 consist('nt pattern to these 
superiorities it is not clear whether or not they were merely fortultous. 
Pod yields were not significantly increased. 

In the first two crops no insecticide treatment significantly depressed 

yield oJ either pods or plants, but in both the third and fourth crops 

teclmical DHO significantly depressed yields of plants with pods. 

In one year this eli lI'erence was caused mainly by lower yield of pods, 

in the other years by 10,,"er yields of plants minns pods. Lindane 

depressed pod yield in the third year . .Again in the fifth crop (table 

15) tachnical DUO sif,rniHcantly lowered yields of plants plus pods 


• 
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and also pods and plants separately. Thus, it appears that thu accumu­
latillg residuu plus direct application of technical BITC was produc­
ing progressively more harnTflil elrect-s. 

In the nonsprayed ('rop of b(lallS the residues of BHC, DDT, and 
TDE in the soil tended to decrease yirlc1s of pods and weights of 
plants uut only the clifl'rL"rncrs due to HUe were significant. 

There "'as no nwrkecl tendency for the residues to impair yields of 
can-ot roots. Top !-!l"Owth was dC'pressed slightly by chlordane, 
isoclrin, and malathioJl, but not signiIicantJy. Total weight of carrot 
pl:mts was not signiIiea ntl.)" a II'C'ctecl. 

YieJcls of tnrnip roots wen' ]o\\"er on the check plots than on any 
of the treated plots, and top gro,,·th also was lr$8 on the checks than on 
nny treatrcl plots exc(>pt thos(> tl'eated ,,-ilh malathion. These yields 
of thu eheckswerc signifi(':mtly belo,,' those of most treated plots. It 
is possiblu that an obscu]"(> ins(>et infest·ation occUlTecl in the untreated 

• soil anclnot in the treatrd ~()il, r(>~llltillg in thesc differences . 

ACCUMULATIONS OF INSECTICIDES IN SOIL 

Taule 1G shows Ill(' aecnIlHll:ttiy(' total amonnts of the sereml ins(>cti­
cides applied (0 the foliage of.J sncees~iw ('rop~ of hrans for lle,elop­
ing rrsidurs in the soil. 1t also shO\vs the IWl"C('ntage of the total 
chlorinated hydrocarbons applied that was reco,'(>]"(>cl in tlw autumn 
of 1!l;S'1 by analysis Jor total o:·!!anic chlorine. 

The re"iatiyc ])e1"Si8(en('e of {he 8('1'(>1":11 inseeticides or thri1' c1110r111e­
bearing d('coll1 position products is Sr(>11 to be in genera] agreement 
with resnlts elsewhr]"(> in this \york. Only ahollt oj to 10 p('lwnt of the 
BHG and Jincltlne remainrd, 20 percent of the aldrin, isodrin, chlordane 
and heptachlor: 30 to;33 percent of the Dilan, endrin, and dieldrin; and 
45 perccnt of the toxaphen('~ DDT, and 'I'DE-. 

• 

,e 
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TABLE 14.-Acawmulative al)plications of certain insecticides to foliage and their effects on growth of Stringless ~ 
Blacle T'aZentine bean, New Brunswick, N. J., 195~-53 

~L______ 1052 

IArcnll1ulnliYe total insecticide applied per ncre to folinge and yield per plot for crop shown 1 

Insecticide Spring crop Fall crop 

~ Yield per plot Yield per plot ;-3
Totul in- Total in­
secticide . secticideII . !Z ...Pods Plants Total Pods Plants Total ... 

----1-----'-------------- ---------- ~ 
co 

Pounds Pounds Pounds PoundsAI.drin~_______ ____________________ POllndS~ I POllnt4 POU5~(~f Po~to~d8 12 8.6 8. :3 1G. !) ~ 
Dleld;lIl___________________________ ~ I ~. G q.7 ]2.3 12 6.5 7. 5 14.0
Isodrln_ _____ ___ __ ______ __ _____ ____ ;:J 6. 0 6. 4 ] 2. '1 fJl12 8. 3 8. 4 16.7
Endrin_ __ ________ ___ ________ ______ 5 . 6. 0 8. '1* 15. 3* 1;;:112 7.7 7. 8 15. 5 

t;rjChlordane_________________________ 20 I 6.2 6.8 ]a.O 48 6. 7 7.5 H. 2 
Heptachlor_________________________ 20 6.1 7.0 13.1 48 7. 5 7.5 15.0 ~ 
BHC, t.echnicaL___________________ 5 .I.!) 5.:3 ]0.2 12 7. 5 8. 0 15.5 
Lindane___________________________ 5 I G.2 6.5 12.7 12 8. 1 7.6 ]5.7 "9 

o 
Toxaphene_________________________ 25 6.!l , S.O* ].I.!l* GO 8.7 0.0* 1-I. -* I 
Dilnn______________________________ 20 6.4 6.7 13. J ·.18 8.1 7.3 15.4 > oDDL_____________________________ 5 7.1 7.2 14. :3 .12 8.1 8.1 16.2 ::tI
TDK_____________________________ 5 G.l 5. G 11. 7 ]2 7. G 7.7 ]5.3
MalnthiOlL________________________ 20 I 6.6 7.5* l4. 1 I 48 6.5 6. :3 12.8None________________________________________ 1 5. G 5.7 ] 1. 3 1______ ---- ~ G 7.2 US
-----------------l------I-------j-----I I
L. S. D. nt 5-percent level 2 __________ 1__________ ' __________ \ 1.9 4.0 I. !l 3.4i-- --- -----1- ----- ---- f:;lL. S. D. at 5-percent leveI 3 ____________________ ;_________ _ 1.6 3. 5 1.6 2. !l1---------- ---------­
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________________ __________ ________ ________ 

• 

Aldrin _________ .. _. ____ • __ ---_ ... -1 
Dieldrin ___ ------ __ .•• _________ .. .! 
Isodrin •.. _______ .. _. __ . _____ . _____ .' 
Endrin ________________ .-._. ___ ._.: 
Ohlordane ______ .'"________. _____! 
Heptachlor____ .. ___ .... ____ ____ .' 
BIlC, technicaL_ _ . ___ • . ____ .I 
J~illdanc________ .... _ I 
Toxaphenc________ .. . __ -_I 
Dilall _____________ .. 
DDT.____________________ ____ 
TDE____________ ._. _____ "-_ ____ 
Malathion _______________ ._ . ___ .,
None______________________________ ,.

-- 1 

• 

]0 I 4.6 
10 . 4.5 
10 5.6 
10 G.l 
70 5.4 
7G t ·J.7 
,In 4."I 

In I 5.0 
!l5 6.3 
7G 5.G 
I!) 4.5 
10 G.4 
76 5.3 

____ • ___ • 5.5
1 

L. S. D. at 5-pcrccllt leved 2. ________ .1 _____ . ___ .._________ 
L. S. D. at 5-pcrccllt Ic"cI 3 __________ :__________ ,__________ 

I I 

1 ·=slgnlflcfint. nt :H)(~rCl'llt Im"rl. 

2 Por comparisons 1\1II0llR tn'ntnwnts. 

a For comparisons bl'tW('('Il tnl ntmcl1t. ,"('('sus no tl'CntIllNlt. 


1 

J05:3 tZ 
rJl 
tzJ

9.8 14.4 2·[ 8. 0 7.8 J5.8 
n. fi 14.0 2·.1 8. 'l 6.!) Ii). 3 
8.2 1:3.8 2·1 7.8 7.5 15.3 ~ 
8.7 1,1.8 2·[ 7.7 G.9 1·J.6 I:l 

tzJ7.8 13.2 n6 I 7. n 7.0 1.1. n 
7.G ]2.3 \)6 G.O G.5 ]3.,1 rJl 

G.O* 10..J* 2·1 5.5* G.3 11. 8* 
G.G* 11.6 2·[ 7.7 7.3 15.0 ~ 
\).5 ]5.8 ]20 7.G 7.5 15.1 

I 
~ 

7.9 ]3.5 \)(j 7.4 10.4* 17.8* > 
8.0 ]3.4 2·l 7.7 8.G* 16.3 
0.1 J5.5 2,1 7.3 8.8* 16.1 
8.8 J.l.l !)G 8.5 8.6* 17.1* 
0.1 1,1.6 __________ 7.6 6.8 14. ,1 

2.5 4.6 __________ 1. 5 2.0 2.4 
2.2 'J. 0 __________ 1.3 1. 7 2.1 ~ 

rJl 

tZ 
rJl o 
tl 

~ 
Q 

~ 
"d 

~ 
~ 



• • • • 

t-3 

~TABf,E 15.-Aooum1tlative applicatiolls of certain inseoticides to f07iaqe and theil' 1'esidual effects on growth of 
St1'ingless Black Ya7entine snap bam, Ohantenay car1'(Jt, (tJul P.ll1'lJl.e Top White Globe tw'nip, New lJrunswicl~, 

~ 

N. J., 1959-54 

105·1 ~ 
~ 

Acculllulative to1:nl insecticidc npplipcl per nen' to fOliage and yield per plot for t:"\ 
crop shown 1 t:d 

Tll"('cii l'icl!~ i-----'----------------------------

I 
I _ _ Benns 2 I Beans 3 ~ 

Totnl in- ------------------------------­
HPl'ticides ~ 

Pods l)lants Tobl l)ods Plants Total ..... ,... 
----------------~-.---- ... -·--·'-;)~:-:-I-Po::--Pollnds--POllllds--Po:uls--PollndS--POll11ds- >I'­

co ... 
Aldrin _____ • _______._ :~O I .5. 6 5.0 10.6 2.6 2.6 5.2 

~ Dil'ldrin._______________ _ _._ .... ____ 30 5.1 '1.2 0.:3 2.0 2.7 5.6 
Isodrin ___________ ., ___ ._ . __ . ___ • ___ .______ ao (i. 1 4.8 10.0 2.7 2.7 5.4. en 
Elldrill ___________ .._ _.... _______ • ;)0 (i. 0 4.6 ]0.6 2.5 2. G 5.1 
Chlordanl'____ . ____ ....,,_ ]20 6.'1 ·!.O 11.0 2.0 2.8 5.7 
Heptachlor·, __ . ______ ,_._ 120 4.8 :~.8 8.G 2.6 2.8 5.4-
Bn C, [e'cllnil'al j, 82 a. 5* a. 1* n. 0* 2. 5 2. 2* 4. 7* ~ 
Lindanl'. __________ ' ..• ___ :~O 5.1 .I.:~ O. ,L 2.7 2.7 5.4­
'l'oxaph('ne ______________ . _._________ 150 0. a 5.0 11.:3 :1. a :1.2 0.5 

o 
":l 

Dilrill.________________________ .. _... ___ •• --. 120 n.l 5.1 11. 2 2.8 2.7 5.5 >­DD'r__________ .. ______ • _____ ... ____ .______ 30 4. f) 8.7 S.6 2.6 2.6 5.2 o 
TD};;______________________ •.. _. __ _ _______ ao 5.2 4.5 0.7 2.5 2.7 5.2 is
-Malathioll ____________________ .. , __ . _.. _ _____ 120 5.8 .I.!) 10.7 a.o 2.8 5.8 a 
None______________ __ ____ __ _ ____ . ________ __________ 5. (j .1. 7 10.:1 3.:3 8.0 6.3 ~ 
L. S. D. at 5-pCI'('cnt llwl'l 0,,_. _ .. ---. _________ .1'__________ 1 2. 2 1.5 :t .( (1) o. s 1.8 ~ lJ. S. D. nl; 5-pcl'cl'nt: 10\'('1 6_ ..... ________ ... _______________ _ 1.7 1. 1 2. 8 (1) 0.6 1.5 t'.l 



•
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Carrots 3 Turnips 3 ~ 

Totnl in­ l::1Insccticide 
secticides 

Hoots Tops To tnl Hoots Tops Total---,------------­
----------------- ~ 

l::1
Pounds Pounds Pounds I POI /!lls Pounils Pounds Pounds 

Aldrin_______________________________________ 30 ,1. 5 1.0 6. '1 7.7 1. 9 9.6 ~ Dicldrin__________ __ ____ ____ ______ ____ ________ ao 
'J.8 1.8 6.6 8. 7* 2. 0 10.7 ::>J 

Endrin ______________________________________ . 30 4. 9 1.7 G.6 8.1 2. 0 ]0. I ~ 
Isodrin______________________________ 30~________ 

5.1 ?~. ;) - 7. 6 8. 7* 2.1 ]0.8*Chlordune________ __ _______ ________ ___ ___ __ ___ 120 4. 8 1.7 6. 5 8. 0* 2.2 11. 1* >­
Heptachlor. _______ _________ __ ______ __________ 120 C'l

5.1 2.1 7.2 0.3* 2. 3 11. 6*BBC, technical l ___________________ .. _________ 82 4. 8 2. 1 6. 9 0.0* 1.6 10.6 
Lindane______________________________________ 30 5. 1 2.2 7.3 10.2* 2.2 12.4*Toxaphene_ _ __ ___ _______ _______ ___ _______ ____ 150 •.1. 9 2. 1 7. 0 8.7* 1.8 10. 5 IDilnll________________________________________ 120 ,'5.0 2. 3 7. 3 9.3* 2. 2 11. 5* >
])DT________________________________________ 30 5. 3 2.1 7. 4 7.8 l.g n.7'l'DE ___________________________ .___ ______ ___ 30 

5. 2 2. ~l 7.6 0.3* J.4 10.7 ~ l\faln.thiOIl _____ • ____ • __________ " ______ • _______ _ 120 
NOllC_____ • _________________________________ • ________ _ Ii 4 1.8 7.2 7. 7 2.2 O. !) CIl

5. 0 2. 2 7.2 6. 0 1.4 7. ·1 
--------- -- z 
(7) (1) 3. 3 (7) 4. 1 CIln. Ilt 5-pcr('cnt lenI .I---------------------'----------lL.L. S.S. D. lit 5-pcrc('nt leycl 6_____________________ 1_________ _ I(1) (1) 2. 7 (') 3. 4. @ 

'--","--~~------. -~..+----- ~...-,-
I '=signiflcnntnt th~ iH)cl'ccnL IOYcl. o 
'SpmYNI, Z 
3 neallS. carrots, nnd turnips grown simull.:uwnllsly :lIId not slll'fiyed, immediately (ollowing spmyed beons, 
, 'I'otal isomers ndde,1. C'l 
6 For comparisons ulJlong- tf"l'O tIJl(lnts. ::>J 
, 1'01' compnrisons betll'l'lm trcntmcllt I'crsus no lrr!ltlll~nt. o 
7 NOL significant. "'d 

"'d 
I:" 

~ 
CIl 

:,.; 
~ 
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TABLE I6.-Accumulation of insecticides in soil after foliage applica­ •tions to successive crops of Stringless Black Valentine snap bean in 
the field, New B7'Mns'l.oick, N. J., 195~-54 

Recovery of organic chlo­
rine from soil in per­
centage of total pounds 
per acre of material 

Insccticide applied applied 

Total Amount re­
applied maining 1 

POl/nds PercentAldrin ________________________________________ _ 30 20Dieldrin ______________________________________ _ 30 35Isodrin ______________________________________ _ 
30 20 

J~ndrin _______________________________________ _ 
30 32Chlordane____________________________________ _ 120 21 •Heptachlor ____________________________________ 120 23BHC 2 _________________________ • ______________ _ 82 6Lindane ______________________________________ _ 
:30 9Toxaphenc____________________________________ _ 150 43DDT________________________________________ _ 30 44TDE_________________________________________ _ 

Dilan ________________________________________ _ 30 45 
120 29 

I Percentages of Ilmount applied that remained in the surfnce 0 inches of soil. 
, Total isomers Ildded. 

DISCUSSION 

III the cooperati ve tests the tendency 101' residues of all the insecti­
cides to accumulate under outdoor conditions was substantially greater 
at Beltsville than at St.ate College, ~Iiss., and a little greater than at 
New Brunswick, N. J. it i" not known to "'hat extent these differ­
ences were caused by differences in the soils, the climates, the time 
of exposure 011 leaf or soil surfaces before being covered with soil, and • 
the experimental procedures. Each of those factors may have had 
some effect. Furthermore, in tlle cooperative tests at BeltsvHle the 
tendency to accumulate was more marked on Congaree loam than in 
the earlier desian in coldframes on Chester loam. Since these two 
tests were partly concurrent with no very noticeable differences in 
weather among years, it is probable that soil differences were partly 
l'esponsible. Certainly it appears unsa.fe 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 1), 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 more rapid rates observed. 
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Since many workers had accumulated a considerable body of evi­
dence on the high tendency of DD'l' to accumulate in the soil, DDT 
was omittecl from some of these tests in order to make room for newel' 
and less known substances. At the time these studies were started 
there was much interest hl heptachlor. aldrin) dieldrin) nnd others of 
that family in comparison with such stlbstances as toxaphene that are 
normany used in much larger dosages. 

For the control of many pests wHh aldrin, cll lordane, or heptachlor, 
recommended dosages are not likely to result in total ann11al npplica­
tions in excess of 2 to 3 pounds. For many pests annual use of insecti­
cides would be less, and for a few insects it would be more. At 2 to 3 
pounds pel' acrn. per year and the probable rate of disappearance indi­
cated in this bulletin, it appears extremely unlikely that residues of 
these 3 insecticides would eyer 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 rLlld endl'in than the other substances 
~tudied, but they appear much more likely to accumulate residues 
than aldrin. chlordane, and heptaclllor, with isodrin much less stable 
Ihan endril;. Endrin, in these studies, apl)('ill'S thus far to tend to 
accumulate to about the same degree as DDT tinder some conditions. 
"\Yhile DDT is so persistent as to present a definite hazard as a soil 
rcsidue to growth of some crops under SOI11(, C'onditions, the probable 
('oml11on annual applications of isodrin and dieldrin are much lower 
than those of DDT and thl'refore tlley ,yill accumulate much slower 
than DDT on an absolute basis. Dieldrin app('ars to be more per­
sistent than aldrin but less pcrsistent thnn l'nc1rin, and dieldrin also 
will be used at [1 WI',\' low rnte 1)('1' ael'e. 

In this study toxaph(,lle has appeared 10 1)(' rl substancl' that ilia), 

accumulate to fI, consicl('rable ('xtent. 0111\- fl liW(' h'ss than DDT. 
Evidence avaihble a few years ago Sllgg('S(('<l 1'0 some workers G that 
toxaphene is much less stable than DIY~'. It is, hcn\'e\-e1', far more 
stable than BHO, lindane, chlordan(', ~\ll(1 l'elatell substances ana 
nendy as stable ns DDT. Furthel'l1lorl'. it is lIsl'd at l'aLNl eonsiderably 
higher than BIlC, lindanc) a.nd chlordane and thl'refol'e much lrtrger 
quantities may accumlllate in the soil following frequent and con­
tinuedllse. Even so, in this stlldy the soil ]'esidlle aecllmulated ,nls 
rarely high enough to harm the few unspl'ayl'c1 test crops significantly. 

BHO pl'epllrations containing large qllnntities 01' iSOJrH.'rs other thnn 
the gamma isomer may accumulate sllllkipntly to impair growth of 
sensitive crops, but lindane properly 11S('d does not appeal' likely to do 
so. This statement applies only to crop growth. Althongh BHC and 
lindane accumulate to the least. l'xl:t'nl" of nnv of these substanC'Ps 
studied, there is still some doubt nhont the probable efl'ects of use of:l.1l r 
BHO preparation on the quality of root: ('rops growll subsequently oil 
fields that have grown BHO-trl'aied cropH. ~\lso, pound for pOImd, 
BHO is perhap!':. the most generally harmfnl to growth among the sub­
ShlnCl'S studied her('. " 

• See footnote 3, 11. 1. 
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None of these reported results should be interpreted as assurance •
that the edible parts of any particular cro)? will remain free of con­
tamination by such amounts of an insectlcide or its decomposition 
products that will accumulate in the soil. 

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