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This publication reports research involving pesticides. It docs not 
contain recommendations for their lise. nor does it imply that the 
lIses discussed l1<'re have been registered. All uses of pesticides mnst 
be registered by Itppropriatr Statr and/or Federal agencIes J)\~fore 
they can be l"rcoll1111cndrcl. 

CAFTIOX: Prsticides call be injut';"'lls to humans. domestic ani­
lI1:tls. clcsimble plants. and fish or other wildlife. Fse all pesticides 
selectively. properly. and carefully. Follow l"rcommended practices 
for the disposal of sllt'plus pesticides and pesticidr containers. 
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PREFACE 

The llSI.~ of pestieid('s in or near agricultuml ,Yat('l'S is being scru­
tinized ('arc-flllly by tl number of State and Frcleml a~encies for 
possible ('1I\'i l'onll1rlltal hazards, The invrstigations reported in this 
bll11etin pl'o"ic1c information on thr possiblr hazards and the margins 
of safl'ty in il'l'i~ating ('c1'tain fi,l1'11l crops with water that contains 
2.4-1) 01' sil\"(,x, Although thes(' investigations \Yl'l'r conducted in 
H16'i at till' Irrign.trcl Ag1'icultul'e Hesrllrt'h tlncl Extrl1sion Center, 
Prossel', \Vash.. the' l'esults tl1'(, still pertinc-nt tlnd tlp1>lica1>lr to many 
si1nila1'I," il'l'ig1ttcd al'ras, 
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'1'I'ltc1<' IlfUlIl'S 1U'P IIs('(l in this puhlication solply for the pur­
pose of' prO\'iding speeific infol'mation, ~Il'lltion of II trade lltllllP 
clops no~ i.'Ollstitutl' a gutll'Untcr 01' warranty of tIl(' p1'Odllct by 
tIll' "C,S, j)ppurtllH'nt of Agl'iC'llltmc 01' lin endol'sement by the 
Ikpal'tlllt'llt 0\'1'1' othr1' pl'oclucts not mentioned, I ._._____.,._J 
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Responses and Residues 

in SugarbeetsJ Soybeans, and 

Corn Irrigated With 2,4-D 


or Silvex-Treated Water 

By V. F. Bruns~ research agronomist, Irrigated Agriculture Re­

8earch and Extension Oenter, TVe8te1'n Region: Agric"l.lltuml Re­
8em'ch Berrice, Proa8er. Wash ... B. L. Cp,rlile,t /onne1'ly 8enlD), 
1'esearclz scienti8t, Pacific tVm'th west Labo1'atol'ie8: B atteZle jJ[emm'ial 
Instit'ute. Richlrmd. 'Y({sh.; and A. D. Kelley. ag1'icuZtw'((11'e8eaJ'ch 
technician. b'J'igated Agriculture Research and Extension Oente1\ 
We8tem Region, ARB. P1'088eJ'. 'Yash. 

INTR.ODUCTION 
The control of \)(>E'ds is a major task in the operation and mainte­

nance of drainage and irrigation systems (es. 925).2 Research and 
development lU1Y!? shown that (2.4-dichlorophenoxy) acetic acid (2. 
4-D) is generall)' on(' of the most effecti,-e herbicides for control of 
broad-leaved weeels that inhabit tll(' banks of such systems (5, 13). 
Certain formulations of 2.1-D also C'fi'ectiYely control se'-eral emersed 
aquatic speciE's snch as cattail. wat('rh)'acinth, and waterlil)T, whicp 
may gl'O'''' at the waterline or clirectly in water (g. 1(J. 922. 24). 
Similarly, 2- (2,4.5-trichlorophenox)T) propionic acid (silvex) effec­
tively controls certain broad-leawd bank wC'ec1s. woody plants, and 
aquatic species. and may be particularly useful on speci('s resistant 
to 2,4-1) and related compounds (8. 9. ;37). Silwx and 2.4-D. at 
nOl'mal herbicidal dosagE'S, do not usually inj nrC' grasses that axe 
desirablC' on clitchbanks. 

Tne spraying of weedy plants in or along irrigation and drainage 
systems. and in OJ' around bkE's and 1'('s(,1'Yoirs. without introducing 
SOI11C' of the mate]'inJ into the water is E'xtl'cmely difficult. if not 
impof'sible. Thr irrigation of crops with water from cOIw('yrl;1lCe sys­
t(,Il1S or impoundnwnts subject('d to snch spraying operations poses 
two major qUE'stiolls. First, what effect will thr herbicide in water 
haVe> on crops? Secondly. will crops. partielllarly th(' E'dible parts. 
contain unacceptablC' residues of th(' lw1'bicic1e ~ 

1Now with till' Depa rtment of Soil Science, North Carolina State University, 
Raleigh. 

'Italk numbers in. pal'enthl'Seii refer to Litl'ratnre Cited, p. 30. 
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Several field exp~riments dete1'''nined the efft'cts of 2.'LD in irri ­ ... 
gation water on certain crops (~..5. 4, 6). The treatments werr 
n,ppliec1 b~- f'uTow in'igation only. In these l'xprrimrnts. tIw crops 
toleratrd ·rather high concentrations of 2.-l--D. Thr crops were not 
n,nalyzecl for 2A,-D resid!'C's; nor ,,-as silwx inducled in the pre\-iOlIS 
field experiments. .-. 

The objectives of these studies were pt'imaTil~- twofold. The fil'st 
was to gain infol'lnatioll on tIle response of un annunl broad-leaved 
crop. a grass. and a root crop to 2.4-D and silvex in water applied 
1ll the field b)' ful'l'oIY and sprinkler il'l'igatjon. TIl(' second was to 
determinC' if significant quantities of herbicide rC'sidllPS remained in 
tlw crops at normnl halTesttime, A considerable amount of pt'e­ r: 

liminar~- laboratory work wus necessary to gain the second objecti\-e. 

INVESTIGATIONS 
Theinwstigations reported herein were conducted jJintly with 

the Pacific X orthwrst LnboratoriC's. Bnttrl1C' ~\femorial Inst~tlltr. •Richland. '1ash., tmdrr a projrct entitled. "Dt'gradation and Deple­

tion of Hel'bicidt's in Irrigation ,Vaters and Accumulation of Rrsi­

clues in C'l'OpS Irrigated with Treat('(l 'Vatt'r." TIl(' pl'ojret was 

financed by thr r.S, Drpartment of Agl'icu1tlll'p. Agriclllturnl TIp­

search Service contract 12--100-8863 (=1-1), Thl' fieldwork was COIl­


ducted at tIl(' Irrigated Agriculture Resl'ftl'ch and Extension Cl'ntl'l'. .. 

Prossl'r. 'Yash.. whrreas tlit' ftnnJyticaJ und other labornto,')' work 

was dOll-<' prima.ril:' at the PacifiC' X OI,thwrst LaboratOl'il's. Richland. 

lYash. 
 ... 

Analytical Methods 
Tlil' lnsic nnal,rtiC'al l1wthod used in these invC'stigations in\'ol,Trd 

t]ll' conn'l'sion of 2.4-D and si1nx forms to thl'ir resppctiYr mrthyl 
cstel'S by C'stcrification with boron triflouridc in methanol (1f2. 1';), ·4 ; 

This drrivatiV(1 can 1)(> anal~'zecl with precision and high srnsiti\"it~· 
on the gas chromatograph with an elrctl'on captlll'p drtcctor, • 
2,4-D and Silvex in Water 

...After a water samplp was thOl'Ollghl,r mixrd. a 500-milliliter (m1) 
:tliquot ",ns takC'n fOl' alutlysis. ThC' sample was acidified to pH 2,0 ... 
with phophoric add and rxtracted \\,ith multiple C'xtractions of 
ell10l'Ofol'IH as olll'finecl by Burchfield and .Tohnsoll (7), After the 
chloroform WHS entporatecl. the residue was dissolYl'n immC'diutcly 
in ;) 1111 of hexane and transfcl'I'ecl to a 10-1111 1'01 umC'trie flask with 

•,thrC'r Iwxane wnshings (1 rnl eaell). The hC'xalH' wns c\"aporatcd <II 

to ncar ch',Ytless, The t'psidlle waS then esterified [meL analyzed by 
electron capture gas chromatography. 
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2,4-D and SiLvex hl Soil 

Aftor a soil samplp was sCTPruNl ltDd thOJ'oughlY mixed, a 100-g 
snhsmnple wns takC'n for analysis. Tl1l' moist soil was tl'ansfe.rred 
to a 1-1 Erlenmt'YC'l flask togeth\\1' with enough distilled water to 
form a slurry. At the saml' time. a ~O-g srunpll' of tIl(' soil was 
oYl'ndriecl to determinC' thl' moistll],P content. Tho sln1'l'y was neidi­
fil'd to n pH of 1 to 2 wit11 phosphoric acid, and 100 ul of diethyl 
('ther WC'I'C' nddC'd. TIl(' mixturC' was SlU1.1;:t'l1 ,-igorously for 20 min on 
a mt'chanical shahr. tlit' liquid phasC's wert' decantl'd into a separa­
tory funnel. anel t1w two 1u~~pl's werl' allowl'd to separatl'. The 
aqnl'ol1s 1a~'t'l' ,"as rpl1l:.xl'd with tll(' soil sl11rr~', and tlw solvent 
phasl' was e01lected in a .!!rndnatNl cylinder. Extraction of the soil 
slulTY with dipthyl t'the!' (50 1111) ,yitS repeatt'el two or more times. 
All glasswarC' was rinsC'd tl11W time's with diC'th~'l C'tll('l' (10 ml each). 
and thC' rinsings WP1'l' aeldC'd to thC' init.ial C'xtracts. A11 extracts we.:~t' 
then combillC'cl nnd filtel'C'd throl1gb a glass filt.'r tbat contained 25 
g of granular. anh~'drolls sodium sulfate. The solvl'nt was evap· 
oratl'cl h~' a rotal';r ,'aC1111m in a warm water bath (-too C) to thE' 
point of drynpss. Thl' r('sidllC' was dissolved immediately in i) ml 
of lWXlll1l' and quantitath-el~r tranf::fl'rT"ed to a 10-m 1 yoluU1etric flask 
witl} three "ashings of hl'XfLIW (1 ml C'aeh). Tlw lll'xfLlw was (·yap­
oratl'd to dryness undl'l' slight Yaell11m. and tht' residUe> was tlwl1 
pstm'ifil'd and tll1alyzed . 

2,4-D a11d Silvex ill Piml! Material 

Basically. the procedure u~ed for isolating 2,4-D and sihex from 
plant nmte>rifLl involYec1 primary l'xtractions with acidifil'c1 ethanol 
sol11tion and sl'Yernl fLdditional extractions with diethyl ether as 
c1escribl'd by Burchfklc1 and .Tohnson (';'). Tlw procedurl' was modi·· 
fiC'd to irL\~l11de> a basic hydrol~'sis to impl'O'O(' tlw re>coyery of 2,4-D 
and si]ye>x. 

Each plant sampll' was cl\oppe>d fLnd mixed thor01lghly before> H.­

IOO-g sl\bsfLmple (-fresh weight) ,"as takC'n for analysis. At the 
same time~ a 10-g subsampll' was m:l'ndriC'd for moisture determina­
tion. Tlw 100-g sampl(' was blenclNl \Vit1~ :300 ml of distilled water, 
200 ml of clie>thyl ethl'r. ·W ml of IO-pe>T'cent l'thanolic snlflll'ic acid, 
and 10 g of soeli lim chlOl·id(' in a blender fLf high spl'ed for 3 to 4 

min. The homogenate was thell tmnsfcrred qllantitati\Oel,V to large 
ce>nfriYllge hottle>s and cl'ntrifngl'c1 at 1,500 l'('volntions per minute for 
fi min. The Sn}lPI'natant was dl'cfLnted through n giass funnel that 
('ontn,li1(>cl il glass wool pIng into fL round-bottom flnsk. The addition 
of fiO III1 of diethyl (,ther to the plant l'l'sid\1l' and the' snspencling, 
mixing. centl'iiHging, ;lIlcl decnntingwere l'epeated threl' times. Tlw 

I 
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combinecL ('xtracts wer(' (,"apornt('d on a rotary "ucuum (waporator 
to remove thl' sol nmt. The aqueous extract was brought to a pH of 
10 by the additio1l of sodium hydroxide and heated o\,el' a steam 
bath for ,1 hours. The solution was thcn neidifind with sulfuric acid 
to pH 1 and plated in a sqmr!1tol"y flUmel for Equid-liquid extrac­
tion. TIH'Heic1ifipd C'xtrnct was l'xtrnrtcd thrpc times with 100 ml of 
diC'tli)'l ptlH'l". tIl(' sol"pnt was (wt\,poratec1 to ncar drynC'ss by rotllry 
"Hennm P,·tlporat·ion. and thl' r('sidue was dissoln'd in bem~ene. The 
["C'sidllC' "'as tlll\n suhjPC'tl'cl to additional ('IC'annp by column chroma­
tognLph~r. 

Extract Cleallup 

Two PI"OCCdlll'('S of colulll1l ehromatogmphy wC'rl' lls('d in the 
cleanup of ('xtl"acts :frulll plant nHltpria1. The initiftl procedure iu­
"oh'C'd tIl(' onp-stage' SPPtl !'ation of methyl e'sters of 2.'~-D and sil vC'x 
on 200- by Li-ml cohlnms of 1"lorisi1. For hl'st results•. thp Florisil 
was jlttltly (lc>adintte'd by adding water (iJ pel'cent) and equili­
bratin.!!: lwforp use. Thp plant pxtrads WPI'P trallsl'puecl to the top of 
tIl(' colu1l111 amI wflshed with lOO 1111 of benzene. and tl1(' cfllnent 
was disClll'Cl('(1. Thl' l'stpl'S of 2..J.-J> llnd si1wx Wl'l'P ('llltl'c1 with 
20-pprrent c1i('th~'l (>t1H'1' in 100 ml of benzene; and the eluate was 
cardull.,' t'nlporat('d to standa.rd ,'OlUIl\(' Eo,' :ll1ttlysis . 

.\. subsC'qnpnt procl'clnl'P that lltilizpd ~l onp-stq> separation of 
acids of 2,4-D and silvl'x on 100- by ]i'i-ml rolnmns of basic alnmina 
was nclaptl'cl to I'PIl10\'(' a lal'gl' <1H1tntity of interiel'l'ing plant lI1tl ­

tl~l'ials. 1'11(' concl'ntl"fltl'd ~al1lp1l' ~'xtra("t dissolvl'cl in benzene (not 
l'stHifipd) "'as tl'!lUsfern"d onto tIl(' column. '1'11(' column was washed 
,yith a ~(,I'ips of chlol'orol'Ill-C'thel' mlsllt's. Aeic1ic pl1('lloxy acids 
1'('mail1P<1 Oil llit' ImRi(' l"olumn dUl'ing this IH·ocC'dur('~q. They \\"('1"e 
l'lntpcl. ai'tl'1' thl' ('011l111n was dried. by passing 100 m1 of a 1-perccnt 
solution of sodium hiC'tll'bollate through tIll' rOlUll1n. Thp plnatl' WHS 

acidified to pH 1 with phosphOl'ie acid and extracted three times 
w-ith ,j(j Illl of clit,thyl ethpl'. Aftpl' rmporating tI1(' ether to dl'yne.ss. 
the 1I1:'1'1>i("i(](' I'('si(hl(' was esterified and anal~'zrd by gas chl'omatog­
mphy. 

Esterification Procedure 

Extracts fr0111 the' watH. soil. anel plant sampJes ,,:ere esterified 
by the boron tl'iflo\ll'iclt' (BFa) -met-hanoI procedure, w}1('l'e1>), () mI 
of l2.5-pel'<'t'llt BF;:-methflllol solution W<'1"P added to each sllmpIe 
and hHatccl until BF;, fume'S werp rclptlsed (17). The methyl esters 
of 2'+-D a.nd siln'x we)'p then t'xtrnC"tt'cl into 2 ml of llpXUl1C, and 
aliquots WCI'P taken Jl"Om tlw ll('xaIl(' layer fOl" gns chromatographic 
analysls. 

",. 
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RESIDl'ES IX SuGARBEETS, SOYBEAXS, A~D CORN 

Gas Chromatograpby Al1(llyses 

Samples were !1.lmlyzed on a BeCh1l1an ";\fodel GO-4 gas ehromato­
grnph eqnipp('d with an electron-capture detector, diJ'(~ct on-column 
injection. and programed temperature and carri(,l'-gas-dii1erential 
flow controllers, The chromatogrnph glass columns wen' 6 feet long 
and one quarter of an inch in dian}('t('l' and packed with 3-percent 
Beckman Lopol on 100/120 mesh Ohromosorb G, Column and 
detectol' temperatures were 1100 and 2200 C, respectiY(~ly. The 
carrier gas was helium with a column ionizing flo\y rate of 20 ml 
per minute and a column discharge flow rate of HlQ ml per minute, 
The column was purged with carbon dioxide at the rate of 12 ml 
per minute. A 1- to 5-microliter sampIl' was injected into the 
chromatograph. Isothermal column t('mperatul'l' was used in the 
analysl's. except for c(,l'tain phmt l'xtracts when temperaturc pro­
graming was utilized to exp('l extmneons material from the column 
and reduce time of analysis. 

Detector-l'l'spollse l'lllTl'S for the chromatograph were prepared 
from standard solutions of the pure methyl ester of each acid 
and eompal'ed with the unknowns to determine the amount of 2.4-D 
or' silYex in th(' sanlp]es. The 1'(,SP011S(, was l'('corded by a disk 
integmter 'which l1wasnred peak nl'(,flS flS a fnnction or the nmount 
injected into th(' chromatograph . 

Laboratory Experiments 

Metbods and Materials 

The stability and recovery of 2.4-D and siIn'x in and from water, 
soil. tmd plant samples \yerr im"('stigntecl in replicated laboratory 
experiments b<'£Ol'(' the fielC't studies. lYat('l' samples from irrigation 
cnnals wert' coll('ctl'd and thorough1)" mix('cl in a ;i-ga'! carboy, One 
liter sl1bsamples were spiked with O. O,O~. 0.1. and 5.0 parts pel' 
million (ppm) or tIlt' alkanolnmine snIts of 2A:-nand th(' propylene 
glycol butyl eth(' I' (PGRE) ('ster of silnx and stor('cl in the dark 
at room temperutUl'(' (23 C C) and und('l' refrigeration (5°), After 1 
hour. 7 clays. and 14 days in storagt'. clllplicat(' 100-ml aliquots of 
each subsample wet'(, annlyzed by Pl'OCCdlll'('S cl('scribed under "Ana­
lytical Methods," 

Procedu]'('s for ('xtrarting 2.4-D and sih-('x from soil were tested 
011 samplps or lYal'(1ell \'PI'Y filll' sandy 10,\111 that \\'P1'(, eol!Pcted from 
noncu1ti,-atec1 lanel on th(' Irrigated A!!ricuItuJ'E' R('seal'ch and Ex­
t(,llsion Cent('J'. Pt'osser. 'Yash. The sampl('s W(,I'(, spiked with known 
<jllantitips of tIll' :tlkitl101alllilll' snlt1' of ~A-D and thp PGRE ester 
of siln'x. and l'peOI'PI',\' pl'I'(,l'nhlgt'S \\'pn' ch,tl'I'minNl n.ftcl' ('xt1'llrtion 
by thp PI'o('('clilJ'(>g (\"8('['ibp<1 IIn<1!'I' .. Anal~1(tir<ll :\[cthoels." 
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The stabilit)y of 2,4-D aml sil\'(~x in soil samp]rs stored at low 
temperature was measured by treating soil samples with known 
amounts of the herbicides, storing the samples at -100 C for 6 weeks, 
n:lld then analyzing for 2,4-D and silnx. 

Extraction procedures for plant matc'rial "were evaluated by col­
lecting samples of foliage 111ld roots of ficld-grown COl'll lmd sugar­
beets :tnd sl)\'a~'ing them with tl1e allmnolamiI1e salts of 2,4-D and 
tIlE' PGBg ester of silvex at 0.1, 1.0, and 10.0 ppm. Foliage and roots 
of soy1>r:1ns grown in nutrient solutions in growth chambers were 
also sprayed with 2,4-D and sih'ex at 2 and 20 ppm. The sitlnples 
I\"r1'e Il.accl'ftted in n. blender and amtlyzecl ill accordance with the 
pl'ocrc1uJ'es described preyionsly. 

In another series of experiments, 4-week-old soyhrans grown in 
Huh·icnt solutions in a growth chamber "wcre treated by adding the 
2.-I:-D OJ' sil\'(~x to the nutrient solution of some plants and by placing 
a drop of herbicic1r solution at thr base of ]pnyrs of others. After 
2 days, thr plants were harvested and analyzed for herbicide rcsidues. 

Results 

Erotraction f1'01n ~vater.-The procedurc for extraction and analysis 
was rathcr ciiiC'ient. Rf'coYcl'ies 1 honr Hft-l'I' spiking the' watcr sam­
ples with 2,4-D OJ' si1vex ranged from 89 to 95 and f!'Om fl·} to 100 
pcrcent, respecti "cly (tablc 1). 

TABLE 1.-Recove1'Y of ~,4-D and sil'vero f1'01n canal wate1' in labom­
t01'Y erope1'i11Wnts 

5,00 

Herbicide RecO\'ery­

and 
concentration After After 'j days at- After 14 days at­

(ppm) 1 hour 
at 23° C 23° C 5° C 23° C 5° C 

Pprcent Percent Percent Pel'cent Percent" 
2,4-D: 

0.02 __________ 
.10 __________ 

5.00 __________ 

95 
93 
89 

81 
80 
87 

97 
95 
88 

74 
72 
83 

91 
96 
92 

SHvex: 
0.02 __________ 

.10 __________ 
100 

94 
97 
95 

99 
97 

97 
91 

98 
94 

96 97 95 96 98 

.' 


.' 

.... ' 

• 
The 2,4~D 1c,'cls til tlH' wntC'r samples stored at 23 0 'C declined 

g:l'lldlHtlfy 11.itcl' 1 nncl·g w('cks in stomgp (table 1). The p~l'ccntage 

I 
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loss tended to decreasC' with increas(' in initial concentration. No 
significant loss was apparent after 14 days of storage at 5°. 

LittlC', if any. sily('x was lost from water samples stored for 14 
days (table 1), Howeyer. tIl(' PGBE ester of silyex was hydrolyzed 
completely to thC' acid form after 7 days of storage at either 5° or 
23° C. ThereforC', all samples from later field experiments were 
handled to insure recon~r~' of both the ester and acid form8 of 
silvex. 

Extracti011 /,I'om 80il.-The use of the diethyl ether procedure 
for the> C'xtruerioll of 2.4-D and silyex from soil pro\yided adequate 
recoveries with minimum interference from extraneous organic ma­
terial. RecoYel'ies of 2A--D and silvex averaged 95+4 and 94+3 
pm.·cC'IlL l'C'specth'C'ly. rnlikC' other procedures that were tested, the 
diethyl ether procedure required no additional cleanup of: extracts 
from the soil samples. 

The recovery of 2.4-D and silyex from moist soil stored at -100 
C' for 6 weeks l'tlnged -from 89 to 94 percent, Thus. the losses of 
chemical from the soil under the conditions of this study were 
insigni ficant. 

Ext1'a{}ti011 from 7JZant material.-The average recovery of 2,4-D 
and siln'x added to foliage and I'oots of COI'l1. sugarbeets. and soy­
beans ranged from 82 to 97 and from 86 to 96 percent, reE'!)ectively 
(biblp 2). I..Jow ]'('co\'e1'ies. primaril)' from green foliage samples, were 
attributed to intel'fc'rPllcP in tIl(' gas chromatograph from extrane­
ous organic materirul. Recon,;l')' ptll'centages werc increased by clean­
ing- Hp thC' s!Lmples on Florisil ill ehl'omatogmphy columns. 

No 2,'~-D or silnx was detected 'in the "foliage of soybeans grown 
in solntjons that contained 0.01 and 0,1 ppm of these compounds; 
howevel'. mensurablp <]uantitips (>0.005 ppm) were present in the 
roots, X 0 symptoms of injury were e\'ident after 2wceks of growth 
in thC' trcatpd solutions, 

Boybpans WPI'(' injured slightly within 24- homs after 20 micro­
grams of sil\'(,x W('I'(, placed at the bfis(' of the 1ea.vcs, Injury from 
similn,l' applic:ttions of 2,4-D was barely noticeable. Recovery of 
2,4--D from foliagC' and roots 2 clays aftp,r treatment Yaried between 
70 and 81 and brtw(\(\n Rand 11 pel'cC'nt. ]'C'spectivcly (table 3). 
Similarly. IW!OVlll'y o:f silvex from folin,g(' and roots varied between 
74 and 85 n,ncl betwpen 5 ancl10 percent, respectively. A small amount 
of 2,4.1) was found in tlIP holntioll which nourished the plants 
tl'l'nted with 20 mi('rograms o-f th(' IH'rbieide, This sngg('sts exudation 
of 2,<l-D 11'om tlw roots into the solution. No sih'ex was clet('cted 
in (-hp Hlltrieut solutions . 
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Discussion 

Inasmllch as the wn.tcl'-soluble amine salt of 2,4-J) !Lncl the PGBE 
estel' of silvex werc llsed in tlH'st' studics, the existence of various 
forms of the herbie-ides (sn.1ts~ estt')·s~ and t'stcr-hydrolysis products) 

TABfJE 2.-Reoove1'Jj oj ~,4-D and sil'lJern added to plant material in 
the labo'ratory 

Recovery 1 

Concentration
Plant part 

Corn foliage ______ ._________ 

Do -___________________ 

Do ____________________ 


Corn roots _________________ 

Do ____________________ 

Do ____________________ 


Beet fOliage ________________ 
Do ____________________ 
Do ____________________ 

Beet roots _________________ 
Do ____________________ 
Do ____________________ 

SoylJean foliage ____________
Do ____________________ 

HoylJean roots _____________ 
Do ____________________ 

added 
2,4-D Silvex 

Ppm Percent Percent 
0.1 86 87 
1.0 83 89 

10.0 88 91 
.1 88 94 

1.0 90 94 
10.0 94 94 

.1 85 91 
1.0 86 96 

10.0 90 83 
.1 88 90 

1.0 89 90 
10.0 97 88 

2.0 82 86 
20.0 85 87 
2.0 87 94 

20.0 87 94 

1 ",-"Hag-PH llf R anal.'·Res of the treatp(l plant material. 

TABLE 3.-Re001Jel'Y oj if3,4-D (md silvern apt/lied in drops to the base 
oj leames oj soybeans g1'0'lUn in nut1'ient solution 

------_._----

Micrograms of 
herbicide npplied 

per plant 

2 _________________________________ . 

Do ____________________________ 

Do ____________________________ 


20 ________________________________. 

Do ____________________________ 

Do ____________________________ 


1 Averages of 3 analyses. 

.Recovery 2 days after 

:Material treatment 1 

analyzed 
2,4-D Silvex 

Percent Percent 
Foliage 72 76 
Roots 10 7 
Solution 0 0 
Foliage 78 82 
Roots 9 7 
Solution 2 0 



9 RESIDL'ES IN SUGARBEETS, SOYBEANS, AND CORN 

in the collected samples was possible. Over 50 percent of the PGBE 
(;"ter of silvex was hydrolyzed to the acid fOl'!ll in less than 48 hours 
in water and 72 hours in moist soi1. Because the conversion of the 
ester form to the acid ,vas rapid, all sample extracts of 2,4-D and 
sil vex were esterified to the methyl ester by BFa-methanol before 
the ana lyses. 'When the acid forms of 2,4-D and silvex were present 
in water and soil samples, good extract.ion efficiency with organic 
solvents could be achieved only jf tlle samples were acidified before 
extraction. Acidification suppressed the formation of the carboxylate 
ion which cannot be extracted into organic solvents. 

The <:,xt.raction of anionic 2,4-D or silvt'x from all plant material 
calmot alwa:ys be accompHshed successfully by acidification. These 
compounds cftn form conjugates with natura,l metabolites in plftnt 
material and cannot b(' extracted with organic solvent.s imless sub­
jected to some hydrolytic procedurl:'. Recoveries were significantly 
highl:'l' when the l·ftW ('xtmct ,ns hydrolyzed in basic solution over 
a steam bath for sen~ral hours. After the hydrolysis, the aqueous 
solution was aciclifiC'.d again, and the sample subjected to extraction 
with an organic soln;\nt which l'xtmeted the free acids of 2,4-D and 
sil,'ex. 

Generally. the quality of the reagents and solvents used in the 
procedures was nanograde. Rea,gent gmcle solwnts were redistilled 
from a glass still bl'fore usc. Each solyent ,yas examined by electron­
capture gas chromatogra.phy to determine its suitability. Glass bottles 
were used to dispense the solvents, and contact with polyethylene 
was ayoickd. A.11 glassware, except yohunctric flasks and pipettes, 
was lleat-tl'eated overnight at 3000 0 to eliminate organic contami­
nntl'S. Objectionable impurities in the anhydrons sodium sulfate a,nd 
clen.llup adsorbants were remond by heating the solids nt 4000 :£or 
ShaUl'S. 

Gas chromatographic analys(>s of tIle methyl esters of si1vex and 
2,4-D was n. conn:~nicnt n.nd sensitive nwthod if proper attention was 
gi"en to clen,nliness of apparatus and reagents ftnd to hanelling of 
snmple extract.s. The procedures adapted for cleanup of extracts 
of pln,nt matl'rial in these studies did not eliminate all organic 
('ontaminates and son1(' column dl:'gradation nnd detector fouling 
occlLlTed. Howeycr, since larg(' numbers of samples werl:' involved, the 
preparation of nl'\\' columns and tlw occasiomd elea.nsing of the 
detector were more (';'(pcdicnt than the use of more rigo!'ous cleanup 
procedures. 

The practical lower limits for measurement of 2,4-D a.ncl si1vex 
ill watr,!'. soil, and plants depcnded priIna,!'ily on the sensitivity of 
the instrnment, the sij;c of the sample. and thr f\,mount of extraneons 
mntel'inl that I'l'l11nincd in thl', sample. R('callse thl' absolute. lower .. 
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limit of detection (2:1 signal to noise ratio) is dep('udent upon the 
sample and analytical conditions. the practical lower limit of 
1lleasm'enwnt is difficult to defhll'. FOI' most water samples, the 
detection limits w(,1'e approximately 0,01 pads per billion (ppb) 
of sihrpx and 0,0,1; ppb of 2,4-D when ilOO-ml samples were used. 
For soil sampl('s. the detection limits of tlll' procedure were approxi­
mah'l)" OJ) ppb of siln'x and 2 ppb of 2,4-V when 100-g soil samples 
were used. 

Th(' analysC's of plant material wC'r(' somewhat man', variable 
l)('causp tlll' huekgrouncl peaks for pach plant and plant part were 
diffcrent. At th(' begin1ling of the stud)'. n, d('tpction lt~\'el of il ppb 
was selC'ctt'd as n goal for minimal menSlll'('nwnt of 2,·~-D and silvex 
ill plant material. and the c-xtrnC'tion ancl clC'annp procedures were 
carried ont HC'cordingly. 

Htuciips show('c1 thnt significant loss('s of 2.4-1) from treated sam­
pIps of iJ'l'i~!lltion water llllLy OCCIll'. Stllclips by pre\'ious im'estigators 
on thl' fatl' of hl'rhiC'ic1('s ill wutel' and soil lUl\T(' shown that 2,.l·n 
may hp rapicll~' dC'gmdp(l hy biologic-al adion when specifie micro­
oq.ranisms al'p pl'l'sl'nt (f. n. 18). BC'clLnse 2,4-D has 1)('en used as lL 
h('rbieidp in the Yakima Vall(')' for man~' ,vC'ars, it is likely that 
miel'O-ol'gnnisllls that nrc adapted to tlIp d(,Gomposition of 2.4-D 
inhabit tll(' watP]' SyStt'lllS of the regioll. 

Field Experiments 

Metbods and Materials 

Tll<' exppl'inwnts wC't'(, conclncted on ,Vat'dC'n very fine sanely loam, 
'I'll(> soil ('ontain(>cl apPl'oximatC'l)' l.il pCl'cpnt ol'~nnic matteI' and was 
;) to ,j fl'('t d('('p on')' lwcll'Ock 

On FC'lJl'lIlll'Y IG, 1!)(i7. the ('xperimental site wns fertilized, cliskea, 
plowed, and packC'd. Ea1'l)' in April. winter wht'at (Gaines) was 
st'(,dpd in the :ll'PHS whicll 'YPI'l' not ocenpied b.Y plots or alleyways. 

Befo!.'\' amI :tHer the <'1lemical trcatmcnts. all plots were eulti­
vated 01' hanclwl'edpd and irrigated as necl'ssal'Y to maintain optimum 
w('eel cOlltl'ol anel adeqlllLte soil moistul'e 'fO!' all crops. Injury 
symptotns afh~I' tL't~ntments wert' noted and l'ccorded. Crops wcre 
IUll'Vl'St('d aJtl'l' mntlll'it,v (dwnd COI'Il was harvested September 14 
to Ii>; soy1wHns. S('ptl'll1bcr 20; sweet corn, September 27 to October 
;3; and Sllll"arbC'ets. Oetobt'r !) to 1;)) :mel yields wel'e dC'termined. 

All soil and gl'('('n plant samples collC'cteel for residue analyses 
wer\' sl'aled in polyetllylplH' bags and :frozen imtnPcliatC'ly with dry 
icc' in tlle field, The SHlllph's w('r(' then stored at ..,.-10 0 C until they 
wen' lln:dyzecl. ,Vater samplPs were collected in glass bottles and 
kept in It refrigerator until the',Y werC' analyzed, 
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Furrow irJ'irllltion.-Twcnty-ol1C' plots. cfleh 10 by 12 fret. were 
laid out on contour \\-ith a. Z('1'O p:rade within (\uch of three blocks. 
Each block was didded into three rep1ictltt's or s11bb10cks. Alleyways 
l)('tween plots an~l brtwrrll snbblocks wrre about 2 frct "wiell' (fi/!. 1). 

On April 6, four rowS of sugarbe('ts (fT &; I Commercial Hybrid 
~ronogernl), 12 fert long and 2 fret apart. were' planted in each plot 
in one block. On l\Iay 23. soybeans (:JIerit) and sweet corn (Ferry 
~[orris Cross) werr plunt('c1 likewise in thr otlwr two blocks. Aftcr 
thl' speellings ,Yl'rt' wl'll established. tht, snp:n.rheets. soybeans. and 
swret corn wpr(' thimwd to avrrng<, one plant pel" 10. 4. and \) inches 
of row. rpsppctivl'ly. 

On Augllst 'I to n. 2.4-D and silvrx Wl'1'1' appHed to plots at random 
,vithin each sllbblock flt rate's of O. 0.22. 1.10. or 5.51 parts per 
million by ,wight (ppmw) {1wreaftt'r \'{·f('1TNl to as tll(' speei£ied 
('oll('cntrations) in tIll' equivalent of :2 atrp-illchps of ·watc]' (0.1, 0.5~ 
or 2.J Ih pcr fl(,1'r). The SWPl't (,om was in tIl(' Nlr1:;-milk st~~e. t1w 
sn~arb('cts "'('1'(' 0 to ;j in('h('s in diam(ltPl'. and tll(' soylwans werl' 
6:i-p<'l'c('nt podded. Six 600-ga1 tanks Oll slrds and pCjuipppcl with 
"ill \'(lS. hoses. llnel boom attachnwnts W(,l"(~ nsed to appl~' tIlt' irri~a­
tion wah'I' and chemiea.1s (fi~. 1). TIlP tcchniC] u(' is described in 
prpyions pUblications Ut. 8. 5). A ~ivPJ1 tank was uspc1 to apply one 
dlPl11ieal at one rate only. Eaeh application was made ill approxi­
mately 1% llOUl'S. 

l\leasured quantities of 2,4-D or silvpx were thoroughly mixed with 
the appropriate qnantity of irrigation water in tlIt, 600-gaJ tanks. 
TIlP flow oi' treated water from th(' tanks was rcgulut('d by vahes to 
maintain proper levels of water in the il'ri~ation furrows. The 
irrigation furrows were dalllmed at paeh (,Hd of thp plots to provide 

PN..3374 
l<'lOUJtR 1.-'1'11(> arrnngl'Jll('Ilt of fllrrow·irrig:~tell plot-:=; lllld th(l application of 

herl}icW('-tr('atell wnt(lr by mean;; of tanks, YlIlyes. hoses, nJ1l1 boom 
attachments. 

http:hemiea.1s
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uniform application and weUing and to C'liminatC' cflluC'llt dnring 
irrigation. 

During tIll' llllTow-irl'ip:ation treatnlC'nts. the air tempC'ratnres 
rtmp:ed from 72° to H2° F. and the wind vC'locitiC's vaJ'iC'cl f),om nearly 
o to 10 milC's pt')' hoUl' (mph). 

'Yater snmpJ1's wC're collC'etC'd -fo)' analys('s frolll olltlC'ts in tIl(' 
boom 1;"; and..\-;") millut('s aftC'l' trcatnH'llts W(,I'(, sbwtrcl. Soil s[\,]11plrs 
WCJ'e also tak(,ll fo), analysC's from n <1C'pth of () to G inches in thr 
<:rop I'OWS 1 anel '( days tLftpr trcntm(,l1t. f-iampl('s of roots. loliag('. 
alld se('els 01' sppd pnl'ts \\'('1'(' eolll'('tNl '( days aftpl' tl'patlllC'nt and 
cllll'inp: htUT'i'St hom clleh plot. and the ),pplieat(' sllmpl('s ,,'('J'P eOI11­
posi t pcl fo)' I'(,Si<111 P clC' tC1'Il1inat i OI1S. 
Spl'lilldel' iJ'l'igatioll.-TwcntY-<)Jl(l s1Ibplots. ('1(('11 10 hy 12 ft. werr 
laid out in sPlllicirelllal' plots within ('twh of thl'N' blocks (fig. 2). 
all(> s1lhplot of ('neh ('['op (sllf!'al'b(,l'ts. ('Ot'll. and soylH'ans) was in­
('ludl'cl in ('nell Sl'lllicireh', Eneh of tllP thl'('(' blocks or l'eplicatrs 
eOlltailll'd Sl'Y(,1l sl'mieircnlal' plots. 

011 Al))'il ;'i. four ),ows of !:nlp:ariWl'ts Wl'l'l' planted at random Oll 

(Jill' subplot within pnell sPlllieil'ell'. :-iimilarly. soybrans and dwarf 
('om (P(>(,I"(,(' B-X.D. :if)) Wl'{,(, plantl'd on ~Iay ~:) and .TU11C' 2. 
l'(·sppetin'ly. By ,runt' :21. tIl(' sllp:arbt'l't::;. soybeans. Hnd dwarf ('om 

PN,3375 
1<'IGUIt~; 2.-'£hl'('(> rectangllItu' subplots of tt'st crops within a 30"foot semicir­

cular area (main vlnt I fot· Illllking SIll'inkl('J' irrigation treatments. 
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were thinned to twerap:c one plant per 10. 4. and (3 inches of row, 
respecti,'cly. 

From August 11 to 1'7. 2,4-D and siln'x were applied randomly 
nt rates of 0.02. 0.22. and 2.21 ppmw (hereafter referred to as the 
specified concentrations) in the equiY:11cl1t of 2. acre-inches of water 
(0.01, O.L and LO Ib per acre). Each tre,ltment was applied to the 
three replicated plots simultaneously tlu'ough three oscillating. half­
cirele. sprinkler heads at the end of laO-foot. %-inch~ plastic hoses 
(fig. a). The opposite ends of tIll' hoses w('re connected to :1 %-inch 
cross at tIl(' cnd of an assembly for mixing and for dispersing the 
,';'ater nnd 2.4-D 01' silvcx ill cotTcd proportions. 

The prescribcd quantities of 2.4-D or silvex were mixed with 48 
p:al of watcr in a 53-gal pressnrc c.Ylinder (fig. +). Pressure in the 
cylinder v-,us maintained at 45 pounds per square inch (psi) with 
nitrop:en gns. The solution in the cylinder wns introduced through a 
flowmeter and into the mixing and dispersing assembly by meaus of 
copper tubinp:. Pressure in thC' irrigation watel' supply JinC' and the 
asscmbl~' was maintained at 35 psi. A flowmetel' was used to meaSllre 
the ('qui ntlent of 2 acr('-inches of irrigation 'Yater PC'l' treatment. 

Each treatment was made in 8 hours. The treatments were made 
between 1 :00 a.m. and !) :00 a.m. to fLvoid interference from strong 
b,'eezes or winds which fl'eqllentl~· occnr dnring miclmol'l1illg and 
tLfterlloon in this area. Adjacent subplots were completely covered 
with pliable sheeting during treatments ns an additional safeguard 
against contamination by drifting particles. 

Sngarueets were ;3 to 5 inches in diftlnC'ter. the short-season dwarf 

PN-3376 
FIGURE 3.-An OSCillating, hlllf·<'ir('I(' sprinkler hClld attnched to the end of n 

plasti(' hosc IlIl(I pI need Itt the radial pOint of tIll' sClllicirc](' tluring fl 
SllJ;inklcr iJ;J;ign lion tr(;'11 tlllcnt. 
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PN-3377 
FIGORE 4.-EquiLJlllent for tr(>ating sprinkl(>r-irrigatetl lllot'i.;. 

1. 53-gnlloll cylinl1(>r.~. Nitrog(>1l gas <"ylin<1cr. 3. :\fetpr. 4. Mixing and dis­
nerliing asspmhly: fl. Irrigation water snPJll.\· liIle; B. f\o"'Ill(>ter; C'. treated 
water intake: D, mixer l11ul strninpr; E. %-inch erOH!,; with 3 hoses nt­
tach(>d: and F. sampling spout. 

rol'll \\-as ill nIP Intr-lI1ilk stagr, and 80y1>r:1l1s WPl'(' Gfl-pel'cent podded 
itt till' tillH' of trpatnwllt. 

:'Ifnxinllllll cl:iytinH' ail' t('mpcrnturc8 from Angnst 11 to 17 cx­
('ppdrcl 100° F, HO\\'('\'(,I'. nil' tpmppl'nt1ll'cs during thr [Letnal trl'nt­
Illlmts ranged fl"Ol11 ii_~O to 71°. 'VincI velocities vnriC'cl -from approxi­
mately () to 7 nlnh,

, L 

'Yah'l' samples -fOI' analyses w('re taken from tIw mixing and dis­
persing nssPllliJly IlPttr tlw lwginning. micldl(', and end of ('nell trent­
1I1l'1lt. 'Yntpr snlllph's were (Llso eollL'ded from It ellteh tI'IL~' or fnnnel 
(IH indll's ill <litUllrtl'l' and 12 incli(·s !lbol"(' grollnd ) dming treat·­
Ill(!nt to cletennim' loss('s o-f flu' chemicals thrOllgl1 volatilization 
clul'inp: sprinkl(lt, irrigation (fi!!, ;i), Soil Sitmples WPl'P ttlkpn f'mOl 
tt dppth of' () to (i in('h~·s in tht' crop rows nt the end of tIl(' tr(>atll1ent 
and 2 days Intrr to cletcmnilH' hcrbieidal infiltration, Samplrs of 
mots, foliagl', and s('pe! or se('(l parts WPl"C col1('ct(>d from each plot 
2 days aftl'l' tl'('ltillll'lIt and dlU"illg han'pst. nlld tlw I"Pp1ieatt· samples 
W('I'(, ("olHpositpd for 1'('sidlH' analysis. 

()ne-ImH of ('llell f:iilmplt' of sugn.dlC'pt' roots coll(·ct(·d at han'cst­
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time for residue analysis was used to determine sugar content.3 The 
analyses for sugar content ,wrE' made in quintuplet. 

Results atld Discussion 

.!inaZyses of ~oate1' and .wil fl'om j1l1'l'olO-irl'igated plot8.-In gen­
end, the ayerage 2A-D or silyE'x concentrations in the wuter samples 
as determined by analyses (hereafter ca11eel the analytic concentra­
tions) wcrE' fH to 90 percE'nt of tIlt' specified concentrations (table '1:). 
Tl1(' analytic concentrations of 2.4-D in sampl('s from the first appli­
cations (sngarheet plots) at the lowest concentration (0.22 ppmw) 
werE' an E'xception and rH'eraged only 32 percent of the specified con­
centration. Howeyer, such concentmtions increased with subsequent 
tt'eatments until an aVE'ragE' of fli) percE'nt of the sp('cified concen­
tration was l'E'achecl. ThE' GOO-gal tanks hnd been coated with 
aJnminUll1 paint (varnish basE') several months before the treatments. 
The tank and pipe SUdlH't'S apparently sorbed appreciable quanti­
ties of the chemicaL particularly during the early treatments. Vari­
OllS phenoxy compounds reportedly react with or are sorbed by 
certain paints and metals (15). Such sorption could occur at the' 
high rates and at the low rate of application and be masked by 
the differences in sorption: concentl'fition ratios. Some sorption of 
ehemicals by sediment in the irrigation water undoubtedly OCCUlTed 
also. 

Losses of 2,4-D and silvex from the soil within 7 clays n,fter furrow 

3 'l'he sugar content of 811garlleet I:;U1Hples W::If; determined by the U-I Sugar 
Company, 't'ollPenish, 'Vash. 

PN-337i' 
FIGURE G.-A plastic catch tray or funnrl (18 inChes in diameter and 12 inches 

a\)ove ground) mw(l to samplr wntpr during' sprinkler inigation treatmpnts. 
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irrigation with treated water wcre not significant. Thereforc, the. 
data from the [tnalyses of soil samples collected 1 and 7 chtys after 
tr-eatmcllt werE' a\<craged (table 15). 

No 2,4-D was detected in the soil samples from sugarbeet and 
soybellll plots treated nt tIl(' lowl'st concentration (0.22 ppmw) and 
only 0.003 ppm w wns found in thl' samples from the corn plots. On 
plots treated at 1.10 01' fUll ppm,,,, thc conccntrations of silvex in 
the soil stll1lpll's (aycra:.re 0.17 rmd 0.07 ppm\\") wCl'chighel' thnn 
thosl' of 2.4--D (nnrage 0.11 and O.4H ppmw). Somc of the 2.4-D 
and sih<ex llncloubtrclly was soriwd by orgnnic l1Iattpl' in the furrows 
:tnd surface soil during treatment. 

Analyses of wlltel' ((nd 80i7 from 81)}'illldeJ'-il'l'i,qlltrld 7)lots.-'l'he 
analytie ('on('cntmtions of 2.4-D and siln'x in the spJ'inklC'r system 
weL'(' 91 to !)(i pereent of tlIP specifiNl c(lJu:cntmtions (table 6). 
Appn.l'entl)- no 2,4-·D (an amine sn.1t form) was lost to the atmosphm'p 
durin:.r spl'i nkler iJ'l'i:.rntion liS cletel'J1Iinccl by anai,fs;>,; of watPl' 
sHmples from tl1(' tray. Howe \"('1'. ,j to 10 ppl'cent o-f the siln'x (an 
estcr forlll) was lost to the atmospl\Pl'P cImin:.r the spJ'inklcH' il't'i­
:.ration tl'patl1lpnts. 

Losses of ~A--f) and siln'x from tl1l' soil withi.n ~ days aitpJ' 

TABTJE 4,-Ooncentmtions of f2.4-D and sil1'etl' in 10ate1' applied by 
!UI"J'OW i1'1'igation 

Chemical concentration 

Analytic 
Crop Specified Analytic 1 relative 

to specified 
2,4-D Silvex 

2,4-D Silvex 
~- ~---- -~- ~.,---.---~ 

Ppmw J'p'lnlV PP»L1C Pcrcent Percent 
Untreated check __ 0 <0,00004 <0.00001 
Sweet com _______ .22 .21 .21 95 95 
~o~'h('aIlR _____ ___ .22 .17 .21 77 95 
Sllgarbeets ______ .22 .07 ,21 32 95 
Sweet eom ______ 1.10 1.07 1.03 97 94 
Soybeans ________ 1.10 1.08 1.03 98 94 
Hngill'ile{·ts __ .___ 1.10 1.04 1.04 Do !)5 
Sweet corn ______ 5.51 5.24 5.44 95 99 
SOybeilns ________ 5.51 5.19 D.33 !)4 97 
SngarbeetR _______ 5_51 5,24 5.38 95 98 

-c"_.-'___.___ .~."--"_.'-".-<r .. ~_._ 
-~--~-, .. 

1 The lowest reliahlf' lil)1its of detection for 2,4-D ilnd silve..x wer.e 0.00004 and 
0.00001 PPlll, res[Jf'cth'cl,l'. 'l.'l1c I'!llnes were corrected fOr extraction efficiency 
Hm! arp presentc(1 HI{ n.rl'l';lge1' IIf :! l';lIIlplpl' [roll1 ('itch of: three replicate nlob;. 
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sprinkler-irrigation with t1'eatrd wate!' werE' not significant. Thus, 
thr data from tllC' allal~'ses of son samplrs taken nJ the end of each 
tl'C'atmcnt {mel 2 days luter wr1'c a,·pragrd (table [)). 

Xo 2A--V and only about (J.001 ppm,,, of silvrx were detected in 
soil samples from plots trNHed at 0.0:2 ppmw. TIll' nYC'rage concen­
trations of 2.4-D and siln'x in thr SOIl salnplcs from plots tl'cater1 
at 0.22 01'2.21 ppmw werr npproximately 0.02 ppmw for the 0.22 
treatments and 0.20 ppmw for tlu' 2.21 treatmcnts. Plant foliage 
obyiollsly intercepted appreciable quantitics of the chemictJs during 
the sprinkler treatments. 

CROP RESPONSE TO 2,4-n IN FURROW IRRIGATION WATER 

SugaJ'beetN,-"Tithill 2 weeks aftrl' tl'catnlPnt. suga1'bcets on plots 
trE'atec1 with :2.-1--1> at 5.51 ppmw (2.,) Ib pr1' acrE') wrrc wiltrcl and 
elI-ooppc1. 8011W petiolt's were' enrvecl c10'YllWnrcl abnormally. Injury 
symptoms were similar but mildC'l' on plots treat(lcl at 1.10 ppmw 
(0.5 ]1J pel' aC1'r). Growth on plots treatrcl at 0.22 ppm" (0.1 Ib pel' 
fl('J'r) appeared normal. 

TABLE 5.-0onoe?1hatio'n8 l'! fJ~4-J) a-nil silverc in soil within '7 days 
after fW'1'01C irrigation and B days aftm' S[ll'i!ilklel' i1vl'igation, 'with 
t1'ea,ted wate1' 

2.4--n or- sllvu concentration: 
Irrigation method 

and chl'micnl Concentration 1 SugarlJ{'{'t Soybean Corn 
pJots plQt$ plots Average 

Furrow Lbs 
irrigation: Ppmtt' pcr ac,·c PP1l!-W PptltW Pptltto Ppmw 

2.4-D ------ 0.22 0,1 <0.002 <0.002 0.003 0.001 
Do ______ 1.10 .5 .10 .14 .09 .11 
Do _______ 1.10 ,5 .19 .19 .12 .17 

Silvex _______ ,~2 .1 .02. .035 .026 .029no _______ 
5.51 2.5 1.01 .98 .91 .97 

Do _______ 5.51 2,5 .42 .62 040 ;48 
Sprinkler 

irrigation: 
2,4-D ..... ------ .02 .01 <.002 <.002 <.002 <.002 

Do _______ .22 .1 .01 ,01 .03 .02 
Do _______ 221 1.0 .22 .12 .28 .21 

Silve.~ ------ ,02 .01 .002 .001 .001 .001 
Do _______ .22 .1 .02 .01 .03 .02
Do _______ 

2.21 1.0 .09 .21 .SO .20 
-----",---....." 

1 Ser t:lhles 4 nnd Gfor analytical concentration;;;. 
"Dry soil basis. The lowest j'elinble limits of detection for 2,4-D nnd sUvex 

\\'('rr 0.002 and a.OGOG ppm, ~(>:;\Ie(·tiv(>l.\·. 
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T,\BU;; 6.-00ncentratiollB Of ~,4-D and silmem in water applied by 
sprinkler irrigation 

C()nC'('ntrations of 2,4-D or silve..--:: 
Specified 

Chemi<:al concentration Analytic relath'(' 
Analytic 1 to SIX'cifi('£1 

--------_.-- -----
Pipe Tray Pipe Tray 

Db 
PP'IIHt' perao)'r PlIl/l.W l'p11ttl' J'(>I'(,(,1I.t I'fl'c('nt 

r-ntrented check_ 0 0 <O.OOOO-l <0.00004 
2,4-D ----.-----­ .02 ,01 .021 .021 95 95 

Do _._-----­ .22 .1 .20 .20 91 91 
Do ----­ ..... -­ 2.21 1.0 2.12 2.1fi 96 1)7 

[-ntrellted checlL 0 0 < .00001 < .00001 
Riln'x ------_ .... ­ .02 ,(11 .020 .018 91 82 

Do ---_ .... _._-­ .22 .1 .21 .19 95 86 
Do --­ ... ---­ .... 2.21 1.0 2.10 2,00 95 90 

__w-~____._ - -­ --"--_. ~,.............~~. ~- -----_. -_.,.- --_.­ -~- ---.-------.~-~ ----_............­
1 'fill' lowpst l'plialJlp limirs of rlptpC'tion for 2,4-D find silvl'x WPl'P 0.00004 and 

0.00001 f'lml\\', l'l'~pp('tiypl.'·. '1'1l1' "!lhw~ WPl'(, ('olTPctpd for l'xtraction ('flki· 
pnr'~' anel an' Tll'PSl'nt('(l Ill' IlvPl'Ilges of 3 saJllpling~ dlll'ing earh treatment. 

'1'lu'p(, w('P];:;; aft!'!' h·patm(',:t. lI1any of thp sllglu'bt,C't pC'tiolC's on 
plots tl'eat{'(l at :i.iiI ppmw \'I,,[I'P twistl'cl nnd discolored (cla,!'k). 
:\Iany h'H \"(lS wel'l' dllol'oti(' Ol' Jll'('l'otit' and SOlllP\\'lmt malformed. 
Small Ol' yOllngl'l' plants \\,(,1'(' mol'l' s(,\,pJ'(·ly injl1l'Pcl than the 
lal'gl' or olclPI' plants. Agltill. inju!'y symptoms \\'e1'(, similnr but 
mildl'I' on plot;; tl'('atpd at I.IO [lPlllW. SOIlll' symptoms of eml)" 
top dnls \\'PI'P Pl'psPlIt nnd l11tl'l,ft'l'Nl l'OllSide)'nbly with tIl(' ('vnlull­
tions, Xo dl'linitp symptom;; of lll'l'bicidal injury eould b(' clistin­
gnisll('cl 011 plots tl't'atpd nt (l.~~ ppm\\" 

XOlH' of the :2...j.-I> tl'pntnwllts dl'(,I'Ptlsl'd tIll' yipl<ls of sl1gal'beet 
tops OJ' 1'oots (tahlp r). ::-;Olll(, of tIl(' bl'pts on plot.s tl'ented at fUil 
ppm \\' poss('sspd nl1ll01"1ll,tl mnssl'S of Iill(' roots which Wl'!'(~ injured Ot' 
(]l'ad at 1 III 1'\"psH inw. 

8o!lb('III1N.---Tpll clays nftlH' tt·Plltllll'nt. tIll' l()\\'Pl' lptL\'('S Oil tlw soy­
h!'a IlS \\'PI'P )"(1 11ow}Itg. Sndl y('llowing: was mon' IJl'('YaIPllt Oil t l't'ntpc1 
than 011 lllltn'tlll'd plots. and it illcreased ill pn'Ynlpll(,(1 as tl!C' treat­
lIH'nt rat(> 11l(,I'paspcl. 

'1'\\'0 \\'pl'ks fl i'tC'r tt'('atll1C'nl' nl ii.:il ppm\\'. thp soybean l!l'owth was 
stnnt('(l 01' suppI'pssed. St1('h stl1nting or snpprpssioJl was l('s8 obvious 
Oll plot:; tl'pnt('(lat 1.10 ppm\\', Plants on plot:; tl'('[ttpcl at 0,22 ppmw 
nJJtWH I'pd nOI'11l1tL 
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TABU~ 7.-YieZds of 81.lgal'Oeets: soyoeans, and corn a/tet' furrow 
i'rrigation 1.vith ~.J,.-D 01' 8UMx-t1'eated '1.vate?' 

Yields per ncre' 

Chemical Specified Sugarbeets Corn 
concentration 1 ----.-~-- Soybeans 

Tops Roots Fodder Shelled 

Lb 
Ppmw per-acre Tons T01.B }1.uBhe18 Tons BU8"e!.! • 

Untreated 
check ____ 0 0 19.1 bc 36la 49.5 bc 9.9 a 203.S a 

2,4-D _______ .22 .1 20.9 c S6.7a 56.li c 10~a 187.1 a 
Do ----­ 1.10 .5 16.1 abc Sl.9a 55.0 c 10.4 a 187.8 a 
Do ----­ 5.51 2.5 14.6 ab SlAa 44.7alJ 8.7 a 197.5 a 

Silvex -----­ .22 .1 21.2 c SS.Sa 54-.5 c 10.SII 190.5 a 
Do l~O .5 11.0 abc 54.9 a 51.0 bc ID.5a 19S.4 a 
Do ----­ 5.51 2.5 13.0 a sa.Sa 3'i.5a 1l.la 197.1 a 

~ See table~ 4 and 6 for analytic concentrations. 
• Any 2 figures in the same column that are not followed by the same letter 

are Significantly different at the 5-percent le,et of probability, except those 
under sugarbeet tops, which are significantly different at the 10-percent level, as 
determined by Duncan's multiple-range test 

• Computed on basis of 15.5-percent moisture. 

After :1 wee1.-s. an a\'el'ap::e of L 'i. :>. and 21 pt'l'cC'nt of the soybean 
l('fn'C'l'i WC'l'P chlorotic or necrotic on plots trNlt('d with 2:4-D at 0, 
0.22. L10. or ~).;;1 ppm". l'C'spectin'ly. At till' saml.' time, much of 
tIw term imtl lC'(tf growth of soylJNtJ1S thl'o\lp::hout tllp test arNt was 
tna]fOl'lllPcl. SpPCin1l'llS \\'('1'e colll'ctec1 flnd C'lllhu'C'd for pathological 
tests in the gl·(,(,llhouse.~ TIlE' tpsts indiC'l1tc'cl that the tCl'lIlinal tissues 
wen' malformed by a "irus known as the tomato bip:: bud strain 
of astel' yellows rather than by tlw (,lwmiral treatment. 

The 2,4--D treatments did not (1('('\'C'ns(' till' yiC'lcl of soybean seed 
(tabh' 7). Howc'vpl'. the q~\a1it.Y of the' sC'pd was sOl1wwhut reduccd 
by thC' high concentration of 5.51 ppm\\'. 

('ol'n.-IYithin 1 to 2 w('t~ks nJt<'l' treatll1C'nt. some of the lower­
1ll0st le!we's of corn were ·wilted or slu'in~llec1 on all plots .. However. 
s\lch ,vilting or slirivl.'lting was more pronounced 011 plots trented 
at tllt' highest con(,Plltration (ii.iil ppm\\'). As til(' senson advanced, 
any dlffprl'llCPS in dpsiccntionw('l'C' maskpel by natural maturity. 
XOl1e of the tl'entnwnts dec'\'Nlsed the yield of fodde'I" or shelled COI'Il 

(tnblp7). 

'I'. 1-1, 'l'hOJlll\X, phlnl patho1ogillt, Agl'i('ultnrnl RNi('al'rlt l:ieryi(·(" r.l". Depart­
ment of ~\.gl'i(·lIltlln·. ('onc1!1(·trc1 111(' patholfJgi('al tests. 
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CROP RESPONSE TO SILVEX IN FURROW IRRIGATION WATER 

RlIrJrn'beetN,-Two ,,'('('ks aft('1' tl'(,fltment with siln'x fit ;).51 ppmw 
(2.5 Ib per acre). sugarbeet pctiol('s were curved downward ab­
HOI'mally and tIll' leaves \\'('rt' wilted, Similar bnt milder symptoms 
wcrt' llotl·d on plots h·pntl·cl nt 1.10 ppm\\' (O,ii Ib pel' aCl'e). Xo 
abnol'mltliti('s W(,I'(, observed on plots trCfltrcl at 0,22 ppm\\' (0.1 Ib 
pCI' :ten'). 

Afh~1' ;\ w('('ks. llHl11~' of the petiol('s WPI'(, limp. twistpd. and 
bll':tehl'c1 on plots tl'pated at .i.ii1 ppm\\'. ~[any lean's. pal'tlclllarly 
tilt' 10\\,('1' OIH'S. WPi'l' bleached and sOlllewhat nmlfonned. Again, 
simihr bnt mild!'1' symptoms ,\·prp. o\)sPI'\'('(1 on plots treated at 
1.10 ppn,\\'. Detpetion of possible chemienJ injury fl'om treatments 
at 0.2:2 ppm\\' was inhibih'cl by flIP pl'l'St'ntl' of curly top "iL'us. 

Xone of thl' tTl'atll1pnts decl'pasl'cl !-11(' yi('lcl of sllgn.rlwet tops or 
1'00ts si!!llifi(,llntly at t"l1(' ;)-ppl'ct'nt k\'l'l of probability (tn.bl('7). 
HowP\'C'I'. I'll(' ('ol\('('ntratioll 01' ;).:11 ppmw cl(,(,l'pnsec1 tIl(' yi('ld of 
tops at til(' 10-pPI'{'pnt ]('\'('1 of LH'olmbilit~,. 

A thin lay!'1' of tiss\1(' imnH'diatply beneath th(' epiclPL'mis was 
broken clowll i II about 2ii pl'J'('pnt 0 l' the I:ll'p:nr beet roots hanr('sted 
froln plots tl'l'at('(l with sih'('x at il.il1 ppmw. '1'11(' thin laycr of 
dark UI'O\\'tl. e[('ael tissl1l' was most PI'OtlOlllH:pcl in the upper part' of 
tIl(' bl'l'hi. Ll'sions 01' splits in !'lll' ppickl'llliH in thl' pfl'eetec1 areas 
wel't' common. 8llCh a condition ('ould possibly PI'Oll1ot(' spoilage 
dUl'i ng tIll' jlr'epl'o('Pssill!!. stOI'll!!P p(,l'iocL of thp sup:rtl'beets. Lltl'!!p, 
sN'onc1:LI'Y roots dp\'p1oppcl on a 11lll1tbl'r of th(' smallcl' b('ets. Thps(" 
in tnl'n. were cov('I'('(1 with an nlmnc1ance of finp roots which werp 
SP\'pl'ply lnjul'pd 0\' dead at IHu·\'l'sttime. Tn'atll1('llts at 1.10 ppmw 
t'ansNl silllii:tl' ,'psponsC's, bllt to a ]('SS('I' c1p!!l'PP. 

RO.l/be(l'II8.~T\\'0 \\'(,pks after h:('atnwnt, !!l'owth of soyben.ns was 
sllppress('(l by tn'nhnents at fUll ppm \Y. Snch sllppr('ssioll wns Ipss 
lloti-::cablt, Oll plots tl'pntNl at 1.10 ppm\\'. ftllclnot appal'ent on plots 
h'cntL'cl at (l.~~ ppm\\'. Yellowing of tIll' 10\\'el'lllost 1('11 n's \VIIS 1Il0rt' 
PI'ollOllllced as tIll' !'lItl' of trputnH'nt ilH'l'Pflsl'cl. 

Thn·('. wt'pks aftl'l' tn'atnwllt, 1. 10, 1:1. and 2/i IWL'c('nt of the 
le;tn's \\'l'I'(' ('l1lol'oti(' or IWC'l'ol'ie on plots tl'('at('c1 with silvex at O. 
0.22, 1.10. 01' ;i.51 ppm w, l'C'spceth'ply. Ll~rtf ('It101'0sis WitS definitely 
ilttel'\'l'inl~1 011 plots tl'l'at('cl at I'h(' hi!!hC'st nth'. 

Sih('x :it O.2~ 01.' 1.10 PPI1l\\' did not dC'(,I'C'aSl' thl' ~'il'l<l Ol' quality 
oj! soybean s('!'cl (tablt' 7). Ho\\'(:w('l'. tl1l' COJl('Pl1tl.'ation of ii.51 ppm\Y 
c1c(,l'easecl both yield and qun.lity oj' tIll' s('C'd. 

('OI'lt,-\Vithill about 10 dn,vs :tftPI' ll'('fll'illPIlt, tht' 10WCll'lnost 
le[tV('s of CQ1'Il werl' sQlllr.what more. wilted Oil plots treated with 
sih'('x at 5.51 ppmw than on untL't'atp<l cheeks.•.\s the scnson acl­
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vanced, desiccati.on of .the lower len,ves was most pronounced on 
such silvcx-treated plots. How(wer, none of the treatments decreased 
the yield of fodder 01' shel1ec1 C01'll (table :). 

CROP RESPONSE TO 2,4-D IN SPRINKLER IRRIGATION WATER 

S·ugaybeets.-'Vit.hin 4- days, some wilting and drooping of the 
letwes and some do,,-mYal'd ClUTatnre of the petioles 'was noted on 
plots treated with 2,4-D at 2.21 ppmw (1.0 Ib per acre). However, 
such symptoms of inj1l1'Y disu,ppeu,red within 10 to 15 clays. The 
foliage of the sngarbec-ts was not visibly u,fi'ectec1 by the treatments 
at 0.02 01' 0.22 ppmw (0.01 or 0.1 Ib per acre). 

The fresh weight \yielc1 of sugarbeet tops was from 10 to 15 tons 
pel' ac,re greater on the 2,4-D t.reated plots tl1an on the untreated 
plots (table 8). Likewise, the root yields WCl'(' oyer 5 tons per acre 
greater on the 2,4-D-tl'eatec1 plots. The increase in yields without 
ob,-ious growth difi'erencl's in the foliage of the plants was remark­
able. The laboratory allalyses indi.cated that the sugar content was 
from 0.7 to 1.7 percent 10'wer in the 2,4:-D-treated sugarbeets than in 
thl' nntrcatNl clwcks. N('vertheless, the gross sngaJ' production 
apparently was still higher (200 to 1.600 1b per acre) on the 2,4-D­
treated plots. Seveml investigators lUtVe reported incrcases in 
gt'owth, .yield. protein. nitrate-nitrogen, or potassium nitratc from 
applications of 2,'1-·D to plants SUc11 as wl1eat, bl\'l'ley, beans, soybeu,ns, 
potatoes, or sugal'beets (14, 19, 930, 931, 168). For example, 'Vort 
(938) increased root production of sugfLrbeets 44, percent by applying 
a composit(' dust thnt contained 0.1 pm'cent 2A·-D to the foliage of 
1-month-old seedlings. Sugar content 'Was not detennined. 

8oyberI7l8.-8oyberrns were somcwlmt snppressed 1 week after 
tt'eatmcnt -with 2,4-n at 2.21 ppm\\'. Two weeks n:ftc!, treatment, the 
plants were mostly erect, and only about 10 percent of the leaves 
werl' chlot'otic. By hal'vesttill1P. diffcrel1C'l's between the trerrted 
plots lwd the Illlf'l'cated r,hecks were' minor. 

Soybeans all plots t.reated 'with 2A-D at 0.02 or 0.22 ppmw 
appC'ttl'cd llonnal thrOughout the season. )\011(' of tlw 2.4:-D treat­
ments reduced tIl(' yield or (tlm1ity of tIle soybean seed (table 8). 

OOl'n.-No "isible symptoms of injury were detected in the Cal'll 

:tHer the treatments with 2,4-D. Moreover, such treatments did not 
reduce the yield of fodc1er or shellecl corn (trtble 8). 

CROP RESPONSE TO SILVEX IN SPRINKLER IRRIGATION WATER 

BHgal'beet,s.-'Within 1 to 2 days n;ftel' trcatnw.nt with silvex at 
0.22 or 2.21 ppn1\\,~ slIp.'f1l'beets wc!'!' somewhat wilted fU1c1 drooped. 
After 4 days, drooping of len ,'('s and do 11'1\ \\,:Lrcl (;\1 l'mt tu'l' of the 
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t;.5TABLE Pl.-Yields of suga1'beets, soybean8, and corn ajte7' sprinlde1' irrigation 'with 'E/,-D 01' silvero-treated wate7' 
@ 

~----'-.-~-.--~. --.-~-~~~---------------- ~ .....Yields per acre' c 
?­

Ch~ml('ltl Sll~clfleil Sugarbeets Corn t" 
concentrn tlon 1 t<: 

Gross Soybenns ('j 

Tops Roots Sugar sugar Fodder Shelled e:: ..-----..-~--------.----.-.-.---------------- ~ 
'"::POUndB ..... 

ppmw per nare Tons Ton8 Percent Ton8 Bushels 'l'on8 Blishel8 • ~ ...,
Untreated ....check ___________ -1

0 0 1!l.5 n 40.3 fi 16.3 6.6 52.6c 3.3 a 99.9 a 9'.2A-D _____________. .02 .01 30.5 bc 4.6.2 bed 14.6 6.7 49.4c 3.2 a 90.3 a -:::Do ___________. .22 .1 35.2 c 47.1 cd 15.6 7.4 56.0c 3.1 a 87.6 a :T­
Do ____________ 2.21 1.0 29.5 bc 45.6 be 14.7 6.7 55.3 c 3.3 It 87.8 a o 

SlIvex ------------ .02 .01 27.0 b 42.4 ab 16.0 6.8 53.8c 3.3 a 87.3 a t::l 
l-j

.22 .1 20.0 b 50.4 de 11.5 5.8 34.7b 3.4a 100.5 a I-"
Do ____________ 

.-Do ___________. 2.21 1.0 26.3 b 53.1 e 9.2 4.9 13.6 a 3.5a 100.3 a o 
____.~.,.____, ___ •• b i=J 

:>­
1 See tables 4 and 6 for analytic concentrations. 
, Any 2 ligures in the RtlIllC COIUllIll thut are not followed by the same letter nre Significantly different at the 5-percent level of prob­ ~ 

H 
ahility, except those under soybeans, which are significantly ditl'ercnt at the I-percent level, as determined by Duncan's multiple-range 8
test. ti 

8 a Computed on basis of 15.5-percent moisillre. 
~ 
l:;J 
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petioles were pronounced (fig. 6). Weeds within the treabnent 
areas, partlcu1a.rly lambsquarters. were illjured. 

On plots treated at 2.21 ppmw. cUlTature of the petioles and 
drooping of the lea\'es persisted until the sngarbeets were harvested. 
The petioles were rather brittle and C'asily broken. particularly near 
the base. Leaf growth, for the most part, was not killed but was 
chlorotic and arrC'sted. :xew growth was sparse and malformed. 
Treatments at 0.22 ppmw produced similar symptoms, but to a lesser 
degree. ?\'o yisiblC' symptoms of injury ' ....ere obsenTed in sugarbeets 
treated with sih'ex at 0.02 ppmw. 

Despite the ohvious injur~- to the foliage, the fresh weight yield 
of sngarbeet tops was about 'f tons pe,r acre greater on the silvex­
treated plots than on the untreated checks (table 8). Moreover, 
"root yieids "ere increased about 2. 10, and 13 tons per acre by the 
sil vex t.reatmen ts at 0.02, 0.22, and 2.21 ppmw, respecti \7ely. On the 
other hand, the treatments at 0.22 or 2.21 ppmw lowered the sugar 
content of the roots, and the gross sugar yields were 1,600 and 3,400 
Ib per acre Jess. respcctively. than those from the untrcated checks. 

Unfortunately the actions of comp01mds, such as silvex: at sub­

PN-3379 
.FIGURE 6.-DrQoping of sugarheetlellves and cUl'vature of Jletioles <! days after 

sUve.'C was applied at 2.21 ppmw in 2 acre-inches of water hy sprinkler 
irrigation. 
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lethal and at lethal dosages within plants are not fully understood. 
The studies indicated rc marked imbalance between the photosyn­
thetic and respiratory processes and an accumulation of water in the 
foliage and root tissues. 

About 30 percent of the sugarbeets harvested from plots treated 
with silvex at 2.21 ppmw bore all abnndance of adventitious, clllb­
like, small roots. Lesions and splits in the epidermis were common. 
and a breakdown in a thin la~7er of tissue immediately beneath the 
epidermis was noted. A few sllgarbeets Oil plots treated at 0.22 ppmw 
'were affected similarl~'. but to a much lesser degree. 

Soybeans.-'Within 1 to 2 days after treatment with silvex at 0.22 
01'2.21 ppmw, soybeans were wilted and drooped. "Vithin 2 weeks 
after treatment at 2.21 ppmw, 'in percent of the leaves were chlorotic 
or necrotic and nearly all plants were decumbent. About nO percent 
of the plants were slumped to the grollnd and about 30 percent of 
the leaves were chlorotic on plots treated at 0.22 ppmw. The soy­
beans on plots treated at 0.02 ppmw were erect and ::rrowing normally. 

The soybean leaves on plots treated with silvex at 0.22 or 2.21 
ppmw desiccated prematnr('ly. Yield and quality of seed from snch 
plots were reduced significantly (table 8). Silvex at 0.02 ppmw did 
not reduce yields, but impaired the quality of the seed slightly. 

001'11.-Silvex at 0.02, 0.22. 01' 2.21 ppmw produced no visible 
symptoms of injury in the corn. Yields of fodder and shel1ed corn 
were not affected signifieantly (table 8). 

2,4-D RESIDUES IN FURROW-IRRIGATED CROPS 

Sugcl1'beets.-No 2.4-D 1'('sidues were deteeted in the folia::rc or 
roots of sugarbeets 7 dn,ys after tIl(' furrow irrigation treatments at 
0.22 ppmw (0.1 Ib p('r aere.) (table 9). At the same time, about 0.1 
ppm of 2,4-D was foulJd in the roots on plots treated at 1.10 or i).fll 
ppmw (0.5 or 2.n Ib per acre). 

At hn,rvesttime, no 2,4-D residues were detected in any of the 
foilage samples or in roots fL"Om plots trcated n,t 0.22 or 1.10 ppmw. 
Only roots frolll plots trcated at ;1.1';1 ppmw contained any .Jnpasl\1"­
able amount of 2,4-1) (0.010 ppm). 

Soybeans.-No 2,4-D l'C'sidnes WPl"(' c1etC'cted in soybean folia::rp. 
pod, or root samples collected 7 days after treatment at 0.22 or 1.10 
ppmw (table 11). Snch samples from plots treated at 5.51 ppm\\' 
contained only minute amounts ot 2,4-D «0.1 ppm). 

At harvesttime, only soybean roots from ljlots treated at the high 
concentration of :1.;:;1 ppmw eontnillPc1 n,n~' detectable amonnt of 
2,4-D (0.090 ppm). 

001'n.-Only thos(' folia::rc samples collected 7 dn,ysafter treatment 
at 5:n1 ppmw contui.llpcl llH'asnrahlc arnonnts of 2,4-D (table 9). 
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No residues were detected in an:" grain samples. Low concentrations 
(about 0.1 ppm or less) 'Iv-ere found in root samples '7 days after 
treatment at 1.10 or 5.51 ppmw and at harvesttime. 

TABLE 9.-Residues in plant Pa7'ts afte?' furroU' i1'1'igatio71 with ~J-D 
01' sil'/)ex-t1'eated wate?' 

Concentrntion 7 days Concentrntion nt hnn'est-
Chemicnl Ilfter trentment nt- time nfter treatment nt ­

nnd 
plllnt [Jurt 0.22- 1.10 0.22 5.515.51 1.10 

pprnw ppmw ppmw ppmw pprnw ppmw 

Ppm. Ppm Ppm Ppm Ppm Ppm
2,4-D: 

Sugarbeet foliage <0.005 0.08<0.005 <0.005 <0.005 <0.005 
Sugarbeet roots _ <.005 .084 .11 <.005 <.005 .01 
Soybean foliage _ <.005 <.005 .05 <.005 <.005 <.005 
Soybean pods __ <.005 <.005 .01 <.005 <.005 <.005 
So,bea.n. roots ___ <.005 <.005 .09 <.005 <.005 .09 
Corn fOliage _____ <.005 <.005 .08 <.005 <.005 <.005
Corn grain ______ <.005 <.005 <.005 <.005 <.005 <.005
Corn roots ______ <.005 .072 .12 <.005 .009 .075 

Silvex: 
Sugarbeet fOliage <.005 <.005 .21 <.005 <.005 <.005 
Sugarbeet roots _ <.005 .051 .27 <.005 <.005 

Soybean foliage _ 
 <.005 .095 .35 <.005 <.005 <;005 
Soybean pods ____ <.005 .015 .02 <.005 <.005 <.005 
Soybean roots ___ .010 .050 .15 <.005 .050 .25 
Corn fOliage ____ <.005 <.005 .28 <.005 .009 .13 
Corn grain ______ <.005 <.005 .01 <.005 <.005 .01 
Corn roots ______ <.005 .074 .41 <.005 .097 .78 

SILVEX RESIDUES IN FURROW-IRRIGATED CROPS 

8~/g({.1'beet8.-X0 silY(lx residuC's werC' found in sugarbeet foliage, 
except in samples collected 7 days aiter treatment at 5.51 ppmw 
(table 9). Moreover, 110 silvex was found in root samp]es~ except ill 

those collected '7 days after treatment at 1.10 or 5.51 ppmw. Root 
samples collected at harvesttime from plots treated at 5.51 ppmw 
were lost. 

Soybean-s.-On plots treated at 0.22 ppmw, only the root samplC's 
collected '7 days after trratmC'nt contained measurable residues of 
silvex (table 9). Seven clays after treatment at 1.10 or 5.51 ppmw, 
all plant parts eontained som!' residues. However. residues in the 
foliage and pocls apparently dissipated by harvesttime and only th!' 
roots retail1ed some silv('x. 

001'11.-So silvC'x residues W('l'!' detertC'd in foliage or grain sum­

http:0.22-1.10
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pIes 7 clays after treatment at 0.22 or 1.10 ppmw (table 9). However, 
residues were found in tIll' roots niter such treatments and in all 
plant parts after tretltment at n.51 ppnri\'. 

Plant parts from plots treated at 0.22 ppmw and grain from plots 
treated at 1.10 ppmw ('ontailled no llll'nstlrablp r('sidlles at hnl"vest­
time. All other plant parts still ('ontail1l'd SOI1)(' silvex (0.01 to O.IR 
ppm). 

2,4-D RESIDUES IN SPRINKLER-IRRIGATED CROPS 

8ugal'beets.-Two days aHpJ" tl"Putment with 2,4-D ut 0.02, 0.22. 
or 2.21 ppmw (0.01, 0.1. or 1.0 lb per H(,1"d by sprinkler irrip:ation. 
all foliup:e a.nd root samples contained l"Psidu('s (tabl(> 10). How('VC'r. 
only roots from plots tl"Putl'c1 at 2.:H ppm\\" ("ontn.in?d n ml'usllrnhll' , .~ 
amollnt of 2.4-D at han'l'sttinw (0.01 ppm). 

'r,mLB lO.-I?e8idues in plant part8 afte?' 87Jrinlder i?'?'igation 'with 
'2-4--D 01' sib'e.l'-treated icate1' 

-~~---,..-- .. ."~~- ~ ."--..........--- .- ~-- - ----- -- "--"- .-.....- -_.---.- --------.~ 


Cou('entratiou .2 clays Concentration at han·est· 

after trt'atm{'nt nt- eim{' after treatment at ­

Chemic.!I1 lind 
 ~-.-.~-...------..• ~ - _. ­

plant part 0.02 0.22 2.21 0.02 0..22 2.21 

pp!lllY ppmlY ppmlY ppmlY ppmlY ppm'" 


---'-'-' 
Ppm Ppm Ppm Ppm Ppm Ppm 

~,-l-ll : 

Sllgarbeet fOliage 0055 O.Olk O.O!) <0.005 <0.005 <0.005 
Sugarbeet roots _ .013 5')') 3.80 <.005 <.005 .01 
:-';oyheilll foJiag(' _ .OO!) .061 .18 <.005 <.00.5 <.005 
Soybeall IIOds __ • <.005 .00k .05 <.005 <.005 <.005 
Soybeall roots <.005 .062 .52 <.005 <.005 .02 
Corn foliage .OOR .094 .51 <.005 <.005 <.OOii 
Gorn grnin <.005 .008 .05 <005 <.005 <.005 
Corn rootl' ---_ ... <.005 .00i .09 <.005 <.005 .04 

Silvex: 

HugarIJe('t [oling!' <.005 .025 .11 <.Q(J5 <.005 <.005 

Sugarbeet roots _ .)05 .801 4.02 <.005 <.005 .OS 

!:losbean foliage _ .015 .104 .72 <.005 <.005 .03 

:-;"ybl'im pods __ • <.005 .Oli .21 <.005 <.005 <.005 

:-;oybean roots __ .OO!) .321 .81 <.005 .062 .1(i 


COrn fOliage --- .010 .210 .52 <.005 <.005 .OT 

Corn grain ---- <.005 .OH .06 <.005 <.005 <.005 

Corn roots _.... _- .O;LO .101 .45 <.005 .008 .09 


-_.-~-~----.~ ... 

Soybean.s.-All plant parts. pxccpt pods and roots from plots 

treated at 0.02 ppm,", eOllta)n(ld some 2,4:-1> residues 2 days aftel' 

treatment (table 10). Again, only roots from plots treated at 2.21 
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ppmw cont.ained measurahl(' ttmounts of ~.4-D at harvpsttime r0.02 
ppm). 

OOl'n.-Two days anpI' trNttmt'ut. 2.4-1> residllE'R werE' detected in 
aU plant parts. ('x('ppt grain and root~ from tIlP plots trNlted at 
0.02 ppmw (table 10). Only root::; from plots treated nt 2.21 ppm)v 
('ontnincd cletectnble amOllllts of 2.4-D at hfll'YPsttinw (0.04 ppm). 

SILVEX RESIDUES IN SPRINKLER-IRRIGATED CROPS 

/Sugflrbeets.-All fol:iag-<, nncl root samph's. ('xcept foliag-p samp}ps 
from plots trc>ated at o.ng ppmw. contained som(' silwx residups 2 
days after trpatm('nt (tabl(' 1(1). HOW('\"Cl\ only roots from plots 
treated at 2.21 ppmw ('olltaiu('d measurabl<.> I'Psidues at harvesttinw 
(0.08 ppm). 

/Soybean8.--..Silvex l'Psidups OC'ClUTt'd in all plant parts 2 days ait('r 
treatment. excppt in tIl<' pods from plots trNltE'd at 0.02 ppm,v (table' 
10). Xo 1'e5i(}11(,s .wpr{' dett'ctpd in pod samples collected at harvest­
time. Moreover. only foliagp from plots trcatt>d at 2.21 ppmw and 
roots from plots treated at n.2~ or 2.21 ppmw ('ontained measul"ahl!.' 
amounts of silvex. 

Corn.-All foliag-e. grai.n. and root snmplrs ('ontninecl measurablp 
concentl'ations of siInx :! days nftp!" t['('atnlC'nt. rxcept grain sampJ!.'s 
from plots treated at o.~~ ppmw (tahlt, 10 L 

No residues were fonnd in tll\' grain sampl('s at hnrvcsttimp. At 
the same time. only folia}!!.' from plots trpatt'c1 at 2.21 ppmw and 
roots from. plots treat!.'cl at 0.22 or ~.:!l ppm" ('olltained detecbtbl" 
silvex residues. 

Frank Demint, and Comes (10) fonnd that thr maximlllU ('onc(>\1­
trations of 2.4-D in th(> water nftpl' fil'ld appli('ations of X-olt'yl-1.3­
propylenedinmil1(' salt d!.'ri\"ative at 1.n to ~ Ib per ncr!.' to control 
bank weeds aJong tlirN' irrigation httpl"als w(,1'r 5.2 to 61.0 ppb. Such 
concentrations wrre short in duration l)(>ca11sP thp herbicide dissi­
pated as the watcr mov!.'d dowllstre'am. In thp most typical trrat­
ment, the averag!.' kvel of 2.4-D in tIl<' watpr during the 5 hours 
required for the' tr('atNl wat('r to l1ass a downstrrnm snmpling sta­
tion was 3.u ppb. The infiltration rate for most soils of this nl'(,tt 
is one-fourth inch or 1ess pr1" hoUl'. If farmland werr irrigated for 
8 hours with watrl' that ('ontailWcl nn tWC1"agp of 3.6 ppb (total ~ 
acre-inches) _ an rxtrelU!.'ly l"('motp f/ossihillty- only O.OOlfi pounds of 
2.4-D wonld b(' applircl per a('r('. In OUI' study. non0. of the rcliblC' 
plant parts. ('x('('pt sugarbl'pt roots. contuinC'cl cl!.'tectable nmonntR of 
2A-D residue at harvrsttin1P a.itpl' sprinklpt' and furrow irl'ig-atioll 
treatments at rates (j2f> and L;)Q~ til11PS hip:her than 0.0016 Ib per 
acre, rcsp('cti \t('l,r. FUl'tllPl'morr. th(' ('olJ('rut mtiol1s found in thr .. 
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sugarbeet roots werc only 0.01 ppm and were at kasr 500 and 2.000 
timcs below the 2.4-D toleruncps in cffeet in 1972 for ccrtai.n -fooels 
and forages for human and liYl'Stock rOl1snmption, respectively U2G). 

No detectable resi.dues of sih'ex O('('UlTecl in the edible ptlrts of 
sugarbeets. soybeans, or COI'1l at hal'vrsttinH' after sprinkler or fur­
row irrigation treatments fl.t 0.22 ppmw in 2 acrc-inches of wntrl' 
(0.1 Ib pel' acl'(,) in mid-August. Sih('x is enrrently registered for 
use at i5 ponnds pel' aerr-foot in ponds and lak('s to control sllumers('d 
aquatic weeels. On tlw basis of thesp stnelies. tl}(~ irrigation of eertaill 
crops -with 2 acre-inches of surh tl'Nttrd ",at('r (1.77 ppm 01' 0.8 lb I 

pCI' acrr) befor(' aeleqnnt(' dpgl'lldation has o('(·tllTC'Cl shol11d 1)(' 
llvoidedaccording to tIll' label br('ttuse of possible I'esidurs and lack 
of established tolenmces. 

SUMMARY 

Analytical methods for d('(-PI'mining 2.4-1) and silvex l'esidn('s in 
water, soil. and plant mnt(,l'ial wel'(, stndied, tested. llnd modifi('([ 
01' drveloped us nrepssary in preliminary laboratory ('xperiments. 
Tl1(' basi!' m(,thod uSNl in tl1(' studiPS ('01wpdC'Cl t1)(' allmnolaminl' 
salts of 2A--I) and the pnBE est('1' of sihrC'x to tlw met11~'1 ester b~' 
('stel'ification with boron triflol\rir1p in methanol, uncI th(' dcrivativ('s 
,,"(>1'P lI1easnrrcl on a gas ehi'Omato~\'aph pqnipp('cl with an clpetron 
raptnrc detector. 

By multipl(' cxtl'UC'tioJ)B of uciclifird samplrs with chlo1'ofol'm, 2.·\:-D 
and si1n'x in water samp1rs ('oulcll)(' \'('linb1y lllenslll'cd at tllC O.OOOO'~ 
and 0.00001 ppm lr\'l'1s. \'('sp('et-i \T('I)'. 

,Vit11 acidification and mnltiplp cliethyl pther ('xtructions. quanti­
tati\'(' 1l)(!nSIll'pnwnts 0 f 2A-D nnd sil vex in soil nt eoncentratiolls ns 
low as 0.002 and O.OOOi) ppm. I'PS1)('('tiv('I)'. werp a('hicved. 

,Vith multiple liquid-1iqnid pxtnH'tions fmd hasic hydrolysis. fol­
•lowed by columll cleanup IH·0('C'C1Ul·('s. a lowpr limit of O.OOil ppm in 

measuring 2,..J.-D and sih'ex \'('sic1IlPsin pbnt material was achirvPd. 
In field l'xpl'riments, the a1kanolumil1(, salts of 2,L~-D :md tllP 

PO-BE est('r of sil\,px \\'(11'(, appli('(l at spcei[iNl eonccntl'Utions of O. 
0.22, 1.10, and ;').51 ppm \Y in ~ tU'I'p-iIlChps of wat('\' (0. 0.1, 0.5, ftnd 
2.ill1> P(')' HCl'(\: l'PspC'('tively) h~' fIlITO\\' il'l'igation in mid-Angnst to 
sllgal'bpds. soybeans, anel SWl'Pt ('O\·n. TIH' s:unr cl1cmieals weI:p np­
pl i('d to sngfu·bl'cts. soybeans, and d wal'P coJ'\) h.Y S1)1'i nklcl' ilTigation 
at sp('cifit'c1 ronC'('ntTfltiow.; of O. 0.02, 0.22. and 2.21 ppmw (0. 0.01. 
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0.1, and 1.0 lb per acre, respcctively) in tlw same amount of wuter. 
On the furrow'-irrigated plots. 5.31 ppm.w of 2.-1-D or silve.s: in­

jured sugarbeets, soybeans. fd1d sweet corn. but tlw yields of sugar­
beets and corn were not reduced at harvesttime. Bot11 chemicals. ut 
the high rate. reduced tll(' quality of soybean 8cec1. but anI: sih-ex 
decreased the qllantitatin' yields. 2.-±-D and sih'cx at 1.10 ppmw 
also injured Sllg1trbeets and soybeans somewhat. but not sweet corn. 
Yields were not affected slfmificantly. At 0.22 ppmw. lleither chem­
ical injured tl1l' nops yisibly or redncl'd yit'lds. 

On the sprinkler-irrigatcd plots. silyex at 0.22 or 2.21 ppmw in­
jured tllP folingC' or sugarueets and SOyUNlI1S murhcll~' and clecrpm:ed 
the yield of soybean sE'ed at harnsttime. However. the yields of 
sugarbeet tops and roots wC're inr['C'ased hy tll(\ treatments. Sih-E'x at 
0.02 ppmw reduced the quality of soybean SE'E'd. but not the quanti­
tatiVE' yields of either soybeans or sugarbeets. The highest C0I1C(,11­

tmtion of 2.-!--0 (2.21 ppm,,) injured tlU' foliagC' slightly and tem­
porarily but did not dC'('reas(' yil'lds of sllgal'beets and soybeans. 
Xone of the 2.-!--D or sih-ex trNltm('nts injurl'c1 tIll' foliage visib1y or 
reduced the yit'ld of dwarf corn. 

\Vith one exception. no edihh\ parts of sugarbeets. soybeans. or 
corn treated at 0.22 0)' l.10 ppmw by flUTO"- irrigation or at 0.02 
or 0.22 ppmw by sprinkll'I' irrigation contained detectablC' urnonnt8 
of free 2,4-D or silyex r('sidups nt han'C'sttimt'. Th(' exception was 
the silvex residue of 0.01 ppm in corn Toliag(' attN' treatment at l.10 
ppm" by furrow irrigation. At th(' highest concentrations (5.01 and 
2.21 ppmw by furrow and sprinkll'r irrigation. r('spectiYely) 2A-D 
residues at harvesttime wer(' drt!.'cted in tIll' roots of the crops only 
(edible su.£rarbeet roots eontain('d 0.01 ppm 01' less). .At the same 
cOllc('ntrations. edible parts that contained lll('asurabl!.' residues of 
silvex at harre.sttinw w('rp com foliage and grain und!.'r furrow ir1'i­
glltion llnd sugarbl't't riots, sO~'benn foliagl'. and corn foliage uncle)' 
sprinkler irrigation. 

In thesC' studil.'s. the 2.-!--D was appliC'd at ('oncentratlons mu.ny 
times higher than those' fonnd during tIll monitoring: of )'esidlles in 
il'J'igation s),stl'ms, TIlt' i;On('rllfrntioI1l' of the l'C'sidl1es. if uny. in the 
('raps were mallY times \)C']ow th(' tolrrUlH'es ill effect in 1072 for 
certain foods and forag('s for human lmel livcstock consnmption. 
Silvex l'esic.lues in tlH! (>(libh' plant parts W('t'C' also minute. but irri. 
gation of cprtain cro[ll' with sih'px-f)'('atrd watpr frolll ponds 01' 

.lakes before ad(>(lIUltl' d('gm<1ation hns 0('('11)')'('£1 or adrCjl1ate to]C'I'­
ances IHisP he!.')) {'stablislH'd probably should hI' :n-oidec1. 

,.. 
t 
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