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INTRODUC1'ION 
The ftecllnlulfttioll of insl.'dieidl.'s in thl.' soil mny han' ftll importftnt 

dl'l.'et on the insects and otllC'r orgnnis"fl1s present. It may nlso J"C'ciuee 
or incl'l.'asC' the yield of C'cl'tftin CI'OPS and afl'l.'ct the' fift,·ol' 0[' qualit.," of 
others. 

In ] 947 nil ill\"estigation to d('tpl'mine the to!t'I'lUlt'C' of (,I'OPS to 
BRC, DDT, and toxaphene ill soils \ms undertakl'n nt FIon'll('l', :->. C.. 
by the BUl'enll of Entomology and Plant Quamntille; tIl(' BUl'pau of 
Plnnt Industry, Soils, alld Agl'iC'uItul"H1 Engineel'ing; nnd till' South 
Carolina P('c .0('(' Agl'icultul'ni ExpPt'imellt Station. Tltpse insC'eti­
cidps IU'C' widely uSNl fol' tllP control of ('otton ins('ds, Hnd in :->outh 
Cn,t'oIin11 and Ii f(·\\' oUIPr :->tnU's som£' of the IilIHl tlmt is used fOl' 
('otton is rotnted wit.h Lohu('r-o. Thl.' pxperi rllentnJ procedlu'ps and til<' 
results of' the piftnt-tolel"il.n('p ('xpl.'l'im('nts obtnil1l'd during th(' first 3 
yent's hftvc' been published (Allen tt aI, 1f.IIowp,'('r, rl.'sidu(' 11,llIl.Iyses 
were not mnde until H)i) I, aft(,1" til(' inv('stigation had beell undet'wtl..r 
for 4- yenl'S. The 1"l.'suits of' these llnul.n;('s l),nd sonw of the J'cln.tion~hips 
bet,'..-cen the amount of insedi6dp nllcl the gl'o\\-th ftnd .ri(·IeI of crops 
grown in these soils are presl'nted in this l)UIIptin . 

I The following persow; aSHi:;ted in this ('oopcrn,li\'(~ projcct: ,f. D. Early, C. E . 
.Jernigan, and T. ,Yo Gmham of the A~riclll[.lIml HeHcal'('h K('r\"i('P and Z. T. Ford, 
of the Houth Carolina PCC' Dcl' Agrietdt lII;al Expcriment Hta(ion. 

2 Italic numbers rbfer to literatttre cited, p. lS. 
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REVIEW OF LITERATURE 

Ins~cticides may accumulate in the soil as a resnlt of spraying and 
dusting the parts of the plants that are abo,'C' ground (Chisholm et al., " 
2; Cooper et at., 3) or from applications to the soil for the control of 
soil-infesting insects (Fleming et al., 7, 8, D; Howe, 14; }'Iuma et al., • 
18). Such accnmulations may afl'(,ct th(' micro-organisms CWilsoll and 
Choudhl'i, 22; Smith and W(,nzel, 19). Som(' of the insecticides may 
be translocated in the plants that gn)\\' in t1w soil and tlwrC'by proyc 
toxic to c('("lain ius('ets that [('('<1 on tlH's(' plants (Ho\\"(', 1.L· Hufraker, 
15; and Starnes, £0). TIH'Y ma.,' nlso bC' to"..;c to c('rtnin plants that 
gro\\' in the soil (FostC'l", 10; Fleming, S; Grnyson and Poos, 19; 
).Iorrison I't al., 17; Stitt and Evnnson, 21; Crow('ll et al., .i; Young 
and Gil1. [28; and Dorman ef, al., 6). On the otl]('r hand, some of t1Wl1l 

mlly nctually inen'as(' plant ~ro\\·tl: ~lIld prod uel ion (All('l~ cl a/., 1; 
CI'(l\\'(,n (t at., .~; Gould. nnd HnmstC'acl, 11; and Dorman et aZ., 5). 

In studying till' pl'rsistC't1c(' of ehlorilltltC'd hydrocarbon inseeticiclC's 
in turf trC'nt('(\ for control of llH' ,TupnnC's(' lwC'tle (Pollillia jajlonica 
Xe\\'m.) Fleming Hnd e()workl'l"s (.!J) f{)un(l that almost half the 
dC'crease in DDT re"idurs occurT(lcl during tl](' four-ll) lUlll fifth y(IHI'S 
aft('r applicatioll. Aflrr (j yt'Hrs nholll :~O l)('rC('nt of tlll' DDT 
remained, and tht' rate of cl('('I'L'ase was t1H'n so slow tbnt it \\Tas ex­
preted that S01l1r would ht' prl'sl'nt for sen'ral additional yea,rs. 
Foster (10), in sf lId~'illg ]wrsistrncr of DDT 4 yrlll's ilftl'L' it had been 
npplied to Chestc'l' loam, Sassafras sandy loam, Eveshoro sand, and 
Xe\\' ,Tersey muck soils, found that Il1r DDT content was slightly • 
less than the alllount appIi(·e!. 

Fleming and co\\'ol'ke1's (0) l'l'portC'd 1ha,t 54 percent of the toxa­
phene applied to turf had bN'll lost afler 40 months. Foste:' (10), on 
tbe basis of ,,'ork by Smith llnd \V('Ilzcl (1t·, cOils:dered toxaphene to 
be unstable in the soil and disc(miinued snl11f' of his (·xploratory tests 
with this materiol after 3 to 4 montlts. 

EXPERIMENTAL PROCEDURE 

This stuely was conduet('cl ill :'farlbol'o fim~ sn.ndy loa111 on the farm 
of til(' Pee ])('(' ExpC'l'iment Station, in a typical 3.:'yeal' (,I'OP rotation. 
This rotatioJl incllld0d tobacco followed by a winter CO\'('I' crop of 
oats mixed with AlISll'i:ln wint('[' lwns the first yea]', eowpeas follo\\'C'd 
by ryl' ItS a wint {'L' <'0\'('1' ('('op (he rwxl .\'ear, n nd cotton J'ollow('d by 
rye fhe third year. Each ('xperi111ent WllS started with n. difl't'r'ent ('I'OP 

and was continued with the a-y(':u' rotation, Tn the spring of 1\)47 
the plotfi in ('xI)(IrinwnL A W(,I'I' plnnt cd to to\):tc('o, t hos(' in ('xpel'i­
menl 13 to cotton, and those in l'xperinwlll C to (,OWI)('us. In tbe 
summer' of 1951 the l'(\s[X'etivc planlings Wl'rt' cowlwns, toha<:('o, nncl 
cotton, as in 1948. 

In Pilch cxpt'l'imenl O.02-ncL'(' r:;"ts W('I'(\ [llTal1~ed in 4 mnciomir.('(l 
blocks. The tl.·C'atnwnts W('l'(' ic\('nlictll fol' nil thn'(l ('XIWl'inwnts. 
The insecticides Wl'l'e workc'd iufo the' top (j ineh('s of the soiL • 

In the selection of soil t rpatnwnts eOllsic\l'mlioll WitS ~i\'Pll to . 
insecticides and dOSfLg('S thn.t WPl'(' l)('ill~ lIs('d widl'iy ngn,inst Ynl'iOllS 
insC'ets. BHC, DDT, fl,nd \oxn.pIH'IU' wcr(' :lppliNllUlIlllitll.r aL about 
the maximum dosllgcs l'('quired fot' ins!'ct contl'ol. ThC's(' wcrt' in­
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eluded in treatments 2, 3, 6, 8, and 10. In addition, single applica­
tions of BRO and DDT were made at not more than five times the 
normal annual dosage in an attempt to obtain in as short a time as 
possible quantities of residues that might eventually accumula,te in 
practice. 'rhese were included in treatments 4, 5, 7, and 9. 

INSECTICIDE RESIDUES IN THE SOIL 

Samples of soil from the various plots were taken in the spl'ing and 
fall of 1951 and analyzed for insecticide residues. Before the fall 
sampling, studies were made to determine the vertical distribution of 
the residues in the soil. The method of analysis of Koblitsk:-l and 
Ohisholm (16) for total organic chlorine was used, and the results 
were converted to equivalent amounts of the insecticide. 

Spring Samples 

The soil samples taken in the spring were obtained in :March just 
lwfore tlle "lvi.nter cover crops were harvested. Twelve borings were 
made in eaeh of 120 field plots. Eftch boring consistr.J of a core of 
soil 2 inches in diameter and 6 inches deep. The borings collected 
from a given plot were combined as a composite sample, screened OIlCC 
thl"Ough a H;-mesh SC1"('en, thoroughly mixed, weighed, and spread out 
on a large tarpaulin. For analysis, a pint cont.ainer was filled wi th 
soil tn,ken from different parts of the sample. These soil samples 
wcre analyzed and the quantities of insecticides calculated after 
subtraction f)f the readings for the check plots. The results nrc 
shown in table 1. 

The insedlclde eqtliYalents of the organic chlorine detm'mincd in 
the soils from check plots wem within the range to be expected in 
untreated soils. AnnLyses of soils fot' BHC by the Hornstein (13) 
colorimetric method cLemollst"ated that any movement of this in­
secticide from plot to plot due to cnlti\Tation, heavy rnins, or other 
canses was of no consequcnce. 

The pP"eentage of DDT that r('ml1.in('d in the soil wns higher whcm 
DDT had been applied allnually than when H single dosage had becn 
in the soil for 4 years. However, the residlles wpre n.t least 37 prr(,pnt 
of the total qWlntiti('s applied. 

The percpntagp of BHO was 1)('10\\' 15 pcrccnt whet.Lter it was applied 
as a single lwa,v), dosage or as ligh tt'r dosages e\T(~ry year-. 

The pC'l'centage of toxn.phplw was nbollt tlH' sn:me ns that. of DD'r. 

Vertical Distribution of Residues 

• 
To detcnnine the vP["tieal distribution of the inscrticidC's in the 

soil, 5 borings were ma.de in Sep[pmhpl' in an Ilntreat('(l ehpck ploL 
and in all 4 replicates of t"en,t,n1t'nt 5 of ('xlw"iment 13 (tablc 1). Each 
hOI'ing consisted of a core of soil 2 inelle's in c1il1.ll1pLer a,nd 10 incllPs 
deep. All cores wer<~ scpamh'd into 2-ineh la,yers. A composite samplc 
was prepared fOr each layce in eaeh plof; and analyzed ns describ(·d 
previollsly. Tho r('sults 111'0 given in tn,hle 2. 

28IH29°-M-2 3 
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TABLE 1.-Resid'ues, found in the spring of 1,951, of insecticides applied to the soil be(Jinnin(J in 1947 

___••_~____• __ ~." __'-r. __' _____- ".------ ~-- ••- ,.-~-

! Insecticide applied per acre Residue per acre ill top 6 inches of soil 

I ­ -.-~--

Treatment; Xo. 
I Experi- Bxperi- Experi- Average 
f Applied in 1047 Total ment A ment B ment C I 

i----- ------- --------

"-

Pounds PercentPoun.ds Pounds Pounds! DDT: Pounds Pou/uls 
40 18.5 18.6 18. 8 18.6 46.5 
80 40.1 40.0 40.6 40. 2 50.3 
40 14.8 14.3 15.4 14.8 37.0

!::::::::::::::::::\ ~g~:==:======~=::==:=~=:=~:==:=== 100 36. 6 37.8 4!J. 8 41. 4 41. 4 

5__ --- - ---- - - - -- -- -I HHd~~~(;i;I~i~~I)-:- - - - - - -- - - - - - -- -. - - - -: 

66.8 4. 5 6. 5 6. 4 5. 8 8. 7 

13.5 13.3 10.5 12. 6 
83. 3 4.6 I
~======:===: === ::::1 ~g: ~::=====: ====: ~==: _==- ~= ==~ ===i 55.110 __________________ 1 Toxaphene 20 _______________ . ______ .·_, 80 41. 1 I 42. 5 48.8 44. 1 


I 
 .__ . --, -_._.- .._-- ..~----- .~ - --.- ..-~~.--
~-~"-i - -­



Of the total DDT residues, 87 percent was found in the top 6inches, '1'he amounts found below this depth were in most casesbelow \~he limit of accuracy of the analytical method. 

TABLE 2.-Vertical distribution ojDDTin plots treated with 100 pounds
• oj DDT in 194-7 and sampled va September 1951 

DDT residue per acre
Depth of sample

(inches) 
Rcplicate IReplicate IReplicate IReplicate1 2 A\'crage3 4______________I_______________________I,______~:-----

0-2_______________ _ Pounds i PO'llnds 1 Pounds I Pounds Pounds2-4_______________ _ 10.? ! 9. 0 I 8. ? 8. ? 9. 114,11 \ 0,5 10,114-6_______________ , g,1I 11. 0
6-8____________ ' _ , _ ~51 Q51 ~O 8.5 8.1
8-10____________ " L 5 ~ 5, 0 ,I 4, 5 2, 0 3. 2-, ?- 1- 0,:.J t ~,11 , ." . 1.] 

TotaL _______ 11---34-.-5- 35, 5 ! 31. 0 I 29. 5 32. ,'J
-------------'-----------"------,-­--~------

Fall Samples

• The fall samples were taken during Octobet· and the fiTst, part ofNovember. The summer crops had been harvested, and the soil hadbeen disk",d thoroughly, harrowed, and packed lightly. Fifty boringswere made in each of the plots. These borings were 2 inches in diam­eter and 10 inches deep, but the samples wero collected and analyzedin the same manner as in Marcil. The results of these analyses aregiven in table 3. 

Comparison of Spring and Fall Samples 

Since the soil samples obtained in the fall were taken to a differentdepth than those obtained in the spring, the data are not entin·l.,­comparable. Calculations made on the basis of comparable depthsshow that when the insecticides were applied anntll111y the residueswere greater in the fall, but the reverse was true when onl,v one llppli­cation was made, These results demonstrate that the insecticidesacrumulated in the soil with repeated applications.
For each treatment a study wus made of the variability of' theresidues in spring and. full samplings. The standard devin.tion wasgreater' in the fall than in the spring samples in 5 of the 7 tt'eatments. 

• 
'rhe coefficient of variability WllS also greater in four of these treat­ments. Therefore, the inm'ease from 12 borings pct' plot in the springto 50 borings in the fall did not appreciably inCt'ellse the accuracy ofthe wode 
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TABLE 3.-Residues f01md, in the fall of 1951 J of insecticides applied to the s01~l beginning in 1947 

----~-~i"'-----~· 0~cticidC apPli~~~-~:'-::-'--- -~.~-\=~- RC'sidllc per acre in top 10 inches of soil 

Treatment No. 

_________•____._ Applied in ]!H 7 _____ -' _--=_ot_,a_l J~_WP:~~I_T_Ol_)a_C_c_o_1 Cotton 1___A_vC-cr_a_ge_.___ 

2. _______ ._ .. _____ _ 
3__________ -. ___ _ 
4 _____________ .. __ _ 
5... ______ .. 

DDT: Pou.nds10___________________________ ~ 

20 ______ • ________ ._. ___________ _ 
40 _____________________________ _ 
]00_______ " ____________ ~ _____ ._. 

Pounds 
50 

100 
40 

100 

Ponncls 
24, 0 
56, 8 
14.8 
31. 6 

Pounds 
26.3 
51. 5 
]7.8 
31. 8 

Pou.nds 
28. 0 
53. 3 
17.4 
3D. 4 

Pounds 
26.1 
53.9 
16.7 
34. 3 

Percent 
52.2 
53. 9 
41. 8 
34. 3 

BHC (technicttl): 

~~~.~. =: =-.:~: ::~ :b~a~~I~; ~~::::: - ___. 83. 5 
83.3 1 

100 ! 

n.1 
2. 0 

·15.1 

•.l. 5 
'.1. 3 

·18.8 

]0.5 
8. !l 

61. 8 

7. 0 
Ii 1 

51. 9 

8. 4 
6.1 

51. !) 

.-~~-<-- --.-~.-~ 
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RELATION BETWEEN RESIDUES AND DEPTH OF 

TOPSOIL 

It was realized that the depth of topsoil in the test. plots might have 
an important bearing on the quantity of all insecticide retained in the 
soil. Therefore, the depth of the topsoil was determined by ta.king 
12 borings in each field plot and ftVeraging them for the plot value. 

There was considerable variation in the depth of topsoil among 
plots in a given experiment., as well as among the three experiments. 
The range was 8.6 to 14 inches in experiment A, 9.9 to 11.7 inches in 
experiment B, and U.5 to 13.8 inches in experiment O. However, 
the depth of topsoil had no significant effect upon tbe persistence of 
the insecticides. 

RELATION BETWEEN RESIDUES AND CROP PRO­
DUCTION IN 195~--5! 

Tobacco 

The DDT residue obLnineu from th(' tobacco plots rec('iving the dif­
ferent treatments (experiment B) was about the same as that obtained 
in the other experiments. The plants appeared to grow in a normal 
munner, and there was no evidence of phytotoxicity during the 
growing season. 

The yield of salable tobacco WitS good except from the plots receiving 
the two heaviest dosages of DDT, treatments 3 and 5 (table 4). One 
of the replicates of treatment 3 was flooded during a downpour on 
July 1, and the yield considerably reduced; however, treatment 5 was 
not affected in this manner. The plots receiving these two treatments 
produced a higher percentage of trashy tobacco than any of the other 
tt·eated plots. In these plots the residues were greater than from the 
other DDT treatments. However, almost as much DDT remained 
from treatment 2 as from 5, although the yield of tmsb.y tobacco was 
much less. In 1949 and 1950 the yield was also lowest for plots 
receiving treatments 3 and 5, further indicating that the heavy 
dosages caused some dn,mage to the tobacco. 

'rllC yicld from all BRO treatments was consiclembly highel' than 
from allY of the other treatments or from the untreiltecl check. All 
BIlO treatments except 9 also gave some reduction ill severity of 
attack by the root knot nematode, and this was at INLst partlyresponsi­
ble for the increase in yields. .However, cigarettes made from to­
bacco grown on these plots in 1950 and 1951 had an undesirable Havol' 
and n,l'oIII!1, according to tests made by specialists in the tobacco 
industry. 

The yiplcl from tIll' plots that had received annual dosages of 20 
pounds of toxaphpne per acre was about equal to that from the un­
treated check. The recovery of toxiLphene from this treatment was 
high, averaging 48.8 pounds. Although the yield did not appear to 
be reduced, tbe quality of the tohacco WitS affected. Cigarettes made 
from the tobaceo tllltt grew on til(' toxapbene-tl'en.tec! plots in 1950 
and 19.51 were inferior hl flavor and aromfL to those fmIll the check 
plots but superior to those from the nRC plots. 

7 
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'l'A13lJg 4.-To/emnce o/tobacco (e:rpel'iment R) to ~~nsecficide l'esid1Le8 in the soil, 1951 

Imwclicides applied pf'1' aCl'e 	 ~~idue I' ~~~~: kn-:--;alab:- Income -, Trash lug 
pel' acre disease tobacco er acre tobaccoTr('at;l1lent Xo. :-- 'I in. top]O I index per acre P . 

Applit'cI in 1!J.l7 Total lIlchcs 
. I. '1-----'----­' -------------- .' --_·_---·-----·------1-­

- -- ----.---. -----	 Percent i Pound.s 
POllnd.~ Pounils I Pountis 	 Dollars Percent 

L ____ . __ ._ .. ____ I Unil'C'ntNlelll'ck._ .. --._ ..... --.- .----.-. - - .. -.- .. - 41. ·1· 1 1, 118 622 13. 5
i DDT: 

~=====:===::=~~::=-I·L •. __ . _________ 
5_._. ____ .. 

~g==:=:==.~=~===:===.=:.:: :~___40 ____ ..... ____ _ 
100. _. ___ 

19940 
100 

;t17.8 ~ 
31.8 

35.2 
33.7 
30.0 
4·1. 3 

1, H)1 
841 

1,155 
1,036 

655 
448 
638 
565 

13.2 
18.5 
13.5 
18. 0 

G. __ . _ . _ 
7__ • __ _ . , . _ 
8.. _____ ... __ 
!L __ .. __ . _. __ ._ 

10•. ___________ ,__ 

BHC (technical):
1n. 7_ 
83.3 _ _ . 
12.5+J)J)T2.5 .. __ . __ .__ 
50+DDT 10 ...._...__ 

'l'oxaplwnc 20.. _______ ____ ___ _ 

83. 5 
83. 3 

(j2.5+12.5 
50+ 10 

100 

.1. 5 
'I. 3 

48.8 

18. 2 
30. n 
26.8 
38.7 
3n.!J I 

1,431 
1,275 
1,388 
1,205 ' 
1,115 I 

860 
718 
707 
733 
600 

10.0 
] 1. 0 
10.0 
13. 2 
14. 5 

--_._----­ ----"~-"--~--~-

Difference required fol' Hignificancl' at 5 jll'ret'n t, 1('\'('1. - ­ ". - ­ ... - ­ - - . -.. - - - - - - - . . 

~.-~-~-~ -""­

!J. 3 1 ---;;,--1;-1 
.:... 1 
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Thc insecticid(' residu('s in the cotton plots (experiment C) were 11 

little grel1ter tlum those in tobacco and cowpea plots, but it is doubtful 
whether this diffcrence was a factor in thr J'rsults obtained on cotton. 
The residues and the stand, growth, and ~'i('ld of the ('otton pll1nts are 
given in table 5, 

As soon as the plants wt're up to a good stand, it was apparcnt. that 
thpre werc more plants on S0111P plots than on othcrs, A count on 
~fa:y 16 sbowrd that thr numbers of plants on Ihr plots rcceiving four 
of the treatmrnts wC're significantly greatpr than on the untreated 
chcck plots, Thrse 4 trratmrnts were thl' 10- and 20-pound dosages 
of DDT T('Pt'llt('(t 111U1Uillly, the 100-pound dosage of DD'l' applipd in 
] 947 olll~', and thc 16,7-pound dosugp of EHC reppatrd annuall,V, 

Plilnt-lwight meusurellwnts wel'e madl' us the spu-son fldvanc('(l, hut 
thpre was no evicIPIlC'(' that nny of thC' tren,tnH'nts Iltlyrrsel\' flfrccted 
tht' cotton pIcmts,' , 

'L'I)(' boll-wprvil infrstn,tion on .July 27 showP(t no significflnt cliffet'­
('ne(' bC't\VprIl tn'atlllPtlts, 

TIl(' ~'irld 01' sNld ('otton W;1S cletPl'lllilwc\ by picking 11I1tl wpighing 
nll tlw cotton that wns pl'oduc('(1 on t'aeh plot. TIll' ~'ipld from plots 
gi\"pn thl' 50-pound dosngp of' EBC plus 10 pounds of DDT was low('t, 
thiln foJ' thr e\w('k plots, but tht' difl't'I'('I1('r wns not significant, The 
lO-pound dosngt' of DDT llnd th(l 20-pound dOfmgp of toxapitrnt' pt'O­
d.u('pd signiJi(,lllltl~- 11101'r cotton thlln the ('hpck, but since ttl{' ,\"ll'lds 
\\"('1'(, posi tiyrl~- cOlTrIn trd ,,-i th tht' n umber of plants pN tr('atrnent, 
it is doubtful whrtht'l' the tl'Putnll'nts W(,I'P t'Psponsiblc fOI' the diffpt'cnct', 
.A high boll-w(lPvil inft'stntion ]'('(\twNL till' yi('Ids fol' all tl'(,{1tments, 
and madp it (\itrinlIt to dd('l'mint' till' l'fl't'd of the ins('cticicles in thc 
soil. 

Cowpeas 

Stutii('S W('I'(' mn<lr 011 til(' Sb11Hl of COWjH'il pln,nts and titril' gl'Owth, 
as wpH ns 011 tltt' ,\-irld of hn,,'" and jWilS in thC' hull. Tltt' I'plationship 
of t,lU' ,\-irlds to thr qunntit,'- or tit(' ins('cti('iC\ps thn,t l'emnilwd in the 
soil is shown in tnblr (i. 

'['itl' 20-potlnd dosngC' of DDT f'('pt'nt!'d Hnnllnlly i1J1d the 100-pound 
dosngr appliNl onl,'- in 1947 r(l(\lI('<'d till' stand, r('tal'ded pblnt growth, 
find l'Pc\uc'('d til(' yipld of ('O\\"PN1 luty, The 20-pollnd dosnge also re­
du('('d til(' yil'ld of P<'HS in til<' hull, Thl' soil. I'(lsidut's Trom these two 
tn'ittnwnts \\'Pl'(' gn'ah'r OIHIl from nny othpl' DDT trpatnwnts, How-. 
('\'('1', tllp I'rsid UP fl'om thl' 100-pound dosngp 11pplird onl,\- ill 1947 was 
not much gl'pat('1' thun that from tIl(' IO-pound dosngt' that hn.d hl'cn 
l'('lw;1,ted IInfl lin 11,\-, and )'('t titl' 100-pound dosagp CHlISl'<1 ('onsidembly 
mOl'!, damage to til(l ('owlWns, '1'11(' 40-pound dosngC' of DDT applied 
only in 1947 did not sp(,01 to nfr('ct tIl(' ('owlWftS ('\'('11 though fill uypmge 
of 14,8 pounds of DDT I'emailled in the soil. 

An irH'I'('ns,~ in tIl(' yil'ld of ('OWP('fI hny WitS 110tpd whpJ'(' 8:L:~ pounds 
of BIle [mel 50 pounds of BHe plus 10 pounds of DDT \\'(,I'P applied 
in 1947 only" 'I'll(' ltlttt'l.' tl'en.tnwnt also gn\'p 1\, good yidd of pellS 
in thr llull, hut it wnsnot significantl,," g'1'('il,h'l' thnn til(' dl('('I\:, Al­
though '0101'(' ('OWIWfL hay nlld prns ill tIll' hull W('I'(, produccd in the 
plots l'(l('(li\'ing t1l(, Lwo BFfC tl'rat711ents WitC'I'l' U1(l IpfLst, nmount of 
l'l'sidu(' wns fOllnd in Ol(' soil, this doubtlPss was not I'psponsible for 
the jucl'ensr in tht' ~'i('lds, 
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'L'ABI,E] 5.-Tolerance oj coilon in 1951 (experiment 0) to insecticides applied to the soil beginning in 1947 

T-- ,----'"---"Insecticide applied per acre'-·-~--- Residue . Average Boll weevil Yield of 

Treat.ment Xo 1-----·· yer acre Plants per height of infesta- seed cotton . . I I III top 10 acre . 
I Applied in 1047 Total inches plant tIOn per acre 

----I "~I 

Nmnber Inches Percent Pounds
L-_- _____________ I ~¥~)f~teci Clwc:~~t:'~I~. ___ . _________ ~J~~(~!~/~___ !I ~~~:I~~__ 4,200 11. 4 40. 2 670 
2 __________________ ! ]0__________________ __________ 50 

__ 

28. 0 6, 063 12.4 48. 7 1,0603 __________________ 1 20 __________________________ --- 100 53. 3 6,413 12.0 40. 2 010 
4._________________ 40 ________ ------- -------- 40 I 17.4 5, 388 11.5 40. 7 845 
5_________ .. - --- -- -! Bncl~~;~I~I;i~;i)-:- -- -- - - - - - - - -. - - - - 100 39.4 6,075 11. 4 40. 2 905 

5, 888 11.3 49.2 835 
4, 975 12. 2 50. 0 850~~==========:=====:! ~g}===:-=~===-=======-==-==== ~~: gI 19: ~ iS__________ . ___ .. _ . 12.5+])1)'1' 2.5 ___ .... ____ ,_ 62. ii+12. 5 __________ 1 4, 650 12.1 49. 7 850 

\1_______________ ... : 50+])])'1' 10_,, ___ ._._. ___ ... -- 50+10 :----------1 4, 200 10.2 48.5 540
10___________ ... _____ ' Toxaphene 20.. __ . _________________ . 100 ~ 61. S , 5, 275 12. 5 40. 5 965 

0",,,0"" ro.,,'rod ,,, ",""0","0 at 5-po,",,,, t 10 ,,'- _ . _-' .. _. _.. _.. __ _. ______ --. _1- 488 (I) (I) 245 
1, .l.i___-"-____-!-___ 

.-.----.~------ .--- ~-----------.. ­
1 Not significant accorciing to the F test. 



• • • 

'I.'A 1lI,g G.--To/t'l'a lice OJ CQWjlN(S in ./[J51 (e.rpw·im,t'nl /1) 10 i nsccticides npplied to the soil be{ftn;ning in 1,947 
. _______"'-'T~_~_"'-""-T"""··_.~_' 

IllsC'ct,icide applied pel' acre Yi!lld PCI' acreResidue 

Tr('atll1Plll )\0. --~'-----'-- pel' acre Average 


. -.--.- "- ...--.------ i in top 10 height I Cowpea Cowpeas 
AppliC'd in 1 !)./7 t Total inchC's per plant hay in hull 

___ ._~_,_, __--_---_1 ~J____ 
POl/nds Pounds Pounds rnche.~ Pounds Pounds 

L .......... ""_. UntreatNI check. ___ .. __ _ 
 6.6 0, !)!)2 7!)1
DDT: 

~w. ~~? ___ _____ • ____ _ 10. _______ ._ .. __ ._ _ __ ._.
3________________ _ 50 24.0 4. 1 5,H!)!) 85220 ___ . ______ . __ ._, 
4_., ________ • ___ _ 40 ______ . __ 100 56. 8 3. 5 1,271 310 
5,.. ... _______ ~_ ...... _.. _.. 100. ____________ _ ·10 14.8 5.7 8,44H 844 

100 31. fi 3. 7 4, OW 757
BUC (technical): 

0 __6, .. __ ] 6. 7 ..... _ _ _.• __ 83. 5 6.1 6.7 7, !)O·) 7Hl7.___ • ________ .•. __ ._ 83. 3 __ _ _ _ _ _ _.. __8___ . ____________ _ 83. 3 2. 0 6. 8 11,471 848
12.5+DDT 2.5_ . _H__________ . ___ _ fi2..5+ 12.5 5. 8 fi,!l51 66850+I)DT 10____ - ___lO _________________ _ 50+10 7. 0 12,415 1,057Toxaphene 20____ .... ____ _ 100 45.1 6. 3 !l,37·) 764 

Difference required for significance at 5-percen t level ___ .. _. _. ___ . 1.21 3, !l30 (I) 
------...------.----...-"""""-~....,~-----... -~~ - .~---

1 Kot significant according to the /0' test. 

.... .... 



.1\.11 l'XphUlPction hiLS not lwen found, hut au incl'pasp in pod produc­
tion in till'S!.' plots ""flS nott'll during the SUlnlllPI' of 1951 (fig. 1). 
It S('('111S rPflsol1ablp to supposp that diffpl'('lH'PS in pod production 
eould ae'count 1'01' somp or till' difl'l'J"('l1('ps nokd ill tIll' .\'ipld of pPflsin 

• 


• 


•

FII;nu: I. :-;IHlld and gnl\\lh, or ('()\I"J)f'a.~ ill I !l.") I ill plnl;; or ~()il I'('('pil'illl{ 

di Ifl'l'('11 I trpulllll'lIl" ill 1!I·li: /, l'lIlrl'a.f1'd;:i, 1)1)'1'; 7. IHI(';.'), 1l1I(' pillS 1>1>'1'. 
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the hull. In gcncral, BHe has apppa1"cd to inCl"('flst' tbe' gro\dh find 
yield of COWPCflS cYt'ry yt'llr. .A. sparch lias failt'd to sho\\- an~- difl'pl"­
(,11(,(,S in tllE' nmnhers of imwets or oth(')" pests that ('ould a('C'Ollnt 
for tll(' diJl't'J"t'I1('('S in thp growth fl.nd yil'ld of tllt' nop. TIl(' variety 

• 
of eow]Jl'as grown, Brabham, is pnrtinlly J"('sistnnt to lwmato(ks, 
and this J'('Sistll11(,l' pIllS tIlt' ('ontrol l'xl'I"tl'(1 h.\- tll(' insl'dieicil' may 

• 


• 
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have ttC'C'ounted for the diffpl'rllCe obseL'vedj howrvrr, no pL'oof of 
this ded uC'tion was 0 btaillec1. 

The 20-pound dosage of toxaphene l'rprtlted aIHlUally did not 
appear to aired the cowpeas, even though the residue amountrd to 
45.1 pounds PPl' acro when samples \\'('1'r taken to a depth of 10 inches. 

• 

• 


•
F[(;UItB 2.-t'(·t1l1d amI f.(roll"th of rye ill l'XI)('rilflr'lIt. B ill l!lii2 un pl()t~ rl'eri\·inf.( 

different Hoil treatment'>: I, 1"lIln'atC'd;8, DDT; fl, Bile': I, IHIe'; fJ, HHe pills 
DDT; 10, toxaphene. 
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Winter Cover Crops 

The yields of the ('onr cropl:', rye fllld oats and Austrian winter 
peas, in relation to till' insrctil'ick l'c'sidups aI'(' gi\"en in ta,hle 7. The 
stand a,nd gl'Oivth of ryt' on flll lmtn'atpd ciwck plot flnd on SOll1(' of 

• the treated plots flre illustl'fltNl in figure 2 . 

• 


• 
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'rAJH.. Fl 7.-Tolerance oJ COOl'r crops d/l./'ing the winter of 1951-52 to insecticides applied to the soil beginning in 1947 

J~:".~I'~:I'~"P"U:"":':'"~" .-. 11~:~;,~:",,,g ""P'~' 10"" ""~d;;;,~~ollowi"gl Ry, follo,,'og ,otto" 


Tr~.~,~~enL ,------------------:------1 Residue Residue
I-----I-le-s-id-l-'e------I 

Applied in 1!l·17 : Totul p.er acre' I Yield I p.er acre Yield I p.er acre Yield'. i In top III t.op In top 

______,___• ___________.__ ._~_I_~____ .~':IH'S 1_____ 10 inches _____I-=~jnCheS 1----­
! ' , 

POllnd,~ Pound" ! Pound" 	 Pounds Pannd" PoundsPOIlIl~~SO I_.~~~~t~!~~"..1 '_' ___ • __ 	 Untreated check_. - ._- ----.1.---- .. --- G. 0 5. 6 

DDT: 


2 ... __ .. _•.. ]0 ....•.....•.. 	 50 24.0 I 2.0 I 2G. 3 4. 8 28. 0 2. 9 
20_ " ___ • __ ._ .. __ •. ___ ..3. ___ -- _' __ 1' 	 100 56.81 L. 3 1 51. 5 .1. 0 53. 3 2.1 

·L. ____ ..... 40 .. _. ____ ,, ___ .. _.. ____ .: ·10 14.8 .1. 7 1.7.8 5. 2 17.4. 4. 7
100__ ._. ____ .••.....• __ _5. ____ . _ '''1 100 31. 6 2. !l 31. 8 -1.0 39. 4 3. 2 


BHO (technical): : 

0__ • __ --·_·-1

I 
Hi.7 ___ .. _. _. ". _'. _ • __ . ___ : 	

II' 
3. 3 4. 5 4. 4 10.5 4.4,83.5 O. 	 I ,:;83.3 __ .•._ - ______ •...7 I 	 83.3 2.0 4. 2 4.3 i 5. 3 8. 9 4.2 

12.5+DD1' 2.5 . __ _ 02. 5 +12. 5 __ .. __ . _ .. 2. ,1 u_ ... ___ .. ___ 4.1 	 3. 88====::= ::==1 
!J.. - -- - -"'-1 50+DDT 10•• __ .. _. 	 7. 0 --_ ... _..... _-- 7.1 6. 2 

Toxaphene 20._. _•.... __ _ 50~ ~g 1"' ---:j5~ i '1 2. 3 '18.8 '1. 0 01. 8 3.2 
10 .. - - _.. - -II ______________ 	 1-----1-----_____ 

Difference required for significance ilL 5-I)('rcpnt le\'l'L •. -. (2) 1----- ... "1 (2) 	 1. 8' 
-.~"~---'----~-"----,,,-,--,,--" -

I Total weight oi roots and foliage on 1,14 squllre feel.. 

2 Xot, significant according to the ft' t.l'Rt. 




• 


• 
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The poorest yield in all three experiments was obtained where the 
20-pound dosage of DDT had been repeated anllually, and more 
residue in the soil was obtained from this treatment than from any 
of the othet DDT treatments. Howeye~', it should be noted that 
the yield for the 10-pound dosllge of DDT repeated annuaUy was also 
low, but that only about haH as much DDT remained as from the 
20-pound dosage. Residues from the 100-pound dosage applied 
only in 1947 were greater than from the 10-pound dosage repeated 
allllually; but the yields for the 100-pound dosage were higher 
in two experiments. The DDT residues from the 40-pound dosage 
a.pplied only in 1947 were heavy but, as in the past, ~-ields fo]' this 
treatment were comparatively good. 

Light residues in the soil were obtained from all treatml'l1ts witb 
BHO. Howeyer, the ~nelds from those treatments that had been 
repeated annually (treatments 6 and S) were lower than from plots 
on which the sume insect.icide had b(,(,Il in the soil for .5 veal'S (tn'at­
ments7 and 9). Attention is called to the fact that BHe plus DDT 
applied only in 1947 gave a greakr yield than thl' untreatNI ehl'ck 
in all three experiments. 

Toxaphene residues wer(' heayyand thl' yil'Ids for this treatment 
were low in all three experiments. This shows that the aetumulation 
of toxaphene in SOUle' t~l)('S of soil can be harmful to ('('rtain ('I'Ops. 

SUMMARY 
A plant-tokral.cC' ('xperinle'nt was initiat('d at FloI'PIH'(', S. C.. in 

1947. DDT, BRC', and toxaphNle' WC'I'(, ineol'pol'ated in the' top (j 
inches of the soil, and studi(,::l werl' mad(' to detl'l'milW thpir l'ff('('t on 
tobacco, cotton, and ('owp('as grown in a typi('u.I :3--,'l'Ill' rotation. 
DDT was applied at 10 und 20 pounds P(,J' ncr(' ('nch spring from 
1947 to 1951, and at 40 and 100 pounds in 1947 only; BRC' n.t 16.7 
pounds C'nell spring h.ncl at 8::1.:3 pounds in ] 947 onl.\-; BHe n,t 12.5 
pounds witb 2.5 pounds of DDT l'l1ch spring n.nd n.t 50 pounds with 
10 pounds of DD'l' in 1947 only; and toxn.phC'nt, at 20 pounds pl'r Ilcrc 
eneh ~-l'ar. Till' tobacco was followed by n. wintN (,O\"l'1' ('rop of oats 
a,11d Austrian wintC'r pC'as, and the ('otton und COWjWIlS w(,I'e foHowl'd 
by ryl'. !-loil sampl('s Wl'],(' takl'n from thl' plots Ilt tilf' pnd of thl' 
fourth yenr and again nt the end of tlw fifth summC'l'-c)'op s(,llson, and 
choniclll nna~-ls('s mndl' to detl'I'miIH' thl' qUftntitiC's of the ins('di{'i(\es 
that l'('mainC'd in thl' soil and tlH'ir relationship to (,l'rtn.in {'rop yields. 

Fo\ll' nnd a balf yf'ars after single applications n.pproximatC'l~~ :38 
pel'cf'nt of til(' DDT 11nd 6 jH'IT('nt of tlw BUC' rC'mnin('d in thl' soil. 
Six months nJtN thC' last of fi\'e nl111unl nppliclltions 5:3 p('r('ent of 
DDT, 52 percent of toxa.php]H', and 8 per('('nt of RHe 1'pmain('(1. 
Approximat('ly 87 p(']'('C'nt of the DDT wns found in the top 6 inches 
of tlw soil. 

Th(>l'C' n.ppl'ared to 1)(' a definite rdn.tionship bdw(,l'n tlw n,mount of 
DDT in the soil and. til(' stand, growth. and yi('lli of ('owp('as, oa,ts, and 
ry('. In general, til(' greater thl' residu(' within tht' rangl'S found, tht' 
pOOl'('r we1'(, tbC' stand and growth a.\1(1 the' lowl'(' tht' -,·idd. This wns 
true for nJl trelttml'nts l'x('('pt th(' 40-pollnd dosagl' n.pplied in 1947 
only, which did not harm ilny of till' test nops. On til(' otlwr hand 
a lO-pound dosagc' .r(~pl'n.tl'd ftnnunlly for 4: 'yPllrs hn.rnwd sOl11e of tllP 
t('st ('rops. The yield of suln hit' (obl1c('o WitS rl'd u('t'd by thl' two 

17 

http:l'rtn.in
http:plant-tokral.cC


heaviest dosages of DDT, but the lightest dosage did not cause any 
adverse effects. The yield of cotton did not appear to be affected b)T 
the quantity of DDT in the soil. 

The BRO residues in the soil were light for aU treatments. All 
dosages tested appeared to increase the yield of tobacco ill 1951, but 
this increase was due, ill part at least, to some l'eduction in the severity 
of attack by nematodes. Although there was an increase ill the yield 
of tobacco, cigarettes made from the tobacco had an 11l1dersirable 
flavor aml aroma. Cotton did not seem to be affected lw BRO. 
The yields of cowpeu, lin,y, peas in thc hull, and th(' winter co,;er crops 
were higher and tbe BHC residlws in tIl(' soil \\'PI'C' 10wC'r whem this 
insecticide alone 01' in combination with DDT wns applied in 1947 
only. 

'rhe plots trC'u,ted with a mixtUl'f' of RHC and DDT in 1947 onl:r 
produced moL'(' COwpf'a lut)" and pens in the hull in 1951, and all types 
of winter cover crops studi('(l ill 1951-52, than th(' c\l('ckplots" It 
is doubtful, how('vcl', wll('tlwr the qlHtntity of BBC tlutl, rf'main('d 
in the soil wns responsible for the difl'('I'('lwes noted in th(' yidds, III 
general, BHC inc reused the yield of cowpens l'YC'I'Y :n'fl,I', hut nil 
('xplanatioll for tbis hns not b('en found. 

Toxaph(,ll(, in the soil did not ltppeal' to be toxic to tobn('('o, cotton, 
or cowpens. How('vC'I', eigll.l'ettes made fl'om the toha('co gl'O\\'1l on the 
toxaphene plots were inferior in flavor nlld aroma to thosC' from to­
batco grown Oil cheek plots. This treatment reciu('('d til£' stnnd and 
10\\'(,I'Nl tbe yi(,lds of oMs Hnd I'.V<' , 
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