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THE EFFECT 'Oli'THREESPRIR:'DATES OFPRE-baENCE HlllRB!CIDE
APPLICATIONON CRABGRASSCONTROLIN ESTABLISHEDTURF

'I.' [",' . •

R. E. Enge1 1 R. N. cook l and R. D~Ilniok1 1
I:W'I.

'DAb&tract I ell ,,'!,
r·~.'.l. :"';: r.fa~~,j Y-:;:1

'.The eftect·of 'date of tJt_tment em pre~s.noe' crabgre.A con­
tI'Ol in turf'was studied WUh,1e!ght herb:Loi1_:and three tztUtlient
dat.es. ,:sa.ndane, 'caloium us_te, oalci\lnlfttO'Pyl arsortate; ~0t4or­
dane, daOtlha~, diphenatrllej,ltr.1tlural1n',;.ai!l4J :z:ytztonwere· a~,1:l.ed .
onMaX'Ch 29, Apr:U20 1 and; "'17, 1961.' :AJ.1i: tx-ea,tmenU tl6r.- l·ln

tr1plicateon'a lawrtturf Wtttheliapi'(i!ldom~c~f Kentuoky bl-sra s s •
The spring aes.lon :andcrabpan, ge1'lllinat1~approx1mat.lt' 2
to 3 weeks later than normal •

. ~"rf, ;::' -11:L-',j

: Crabg2l'asa'est:tmates·t ... ·i.n'Septemb' .. Showed: " (I) od.1Ibm
ax-sen&.teand "dacthal gave' beR))·reaul ts 'Whe~.,p11ed: in Itraztol'i)c~'( 2)
ch;Lordane. ·,.d1plWlatrlle ,antl!C08rlc1tUrl P:rOp'f11:tai-ilonate~ve~l'le!,..
lUshest ratings··'a .. May treatilleMs;and (3)'~tlurallrt and ,~on'
produced good control at all three'dateB.,J:tlandlinega,ve itlPhlth­
est rating with March applioation,. but it ci1d.not appear t,o be
affected severel$! bytreatmettt "Oate" .S1ncd!'~~18' cheinj,<jU' '1s
clDsel¥ related to chJ;ordaneij L!lt·1s or1n~st·tono.t$ th_~lor­
dane had' '81ven,b~ter .eontllOJi.':.with 'early' s~1ngtrea~ment1n 'fi'e­
vloU41 seaSonB'. ';RelJul tis .sheW,ieiearly that Al'J11toa:t1on date;-1Irin
important faotor 1n pre-emergence crabgrass oon1;r0h' C~H!."
vary 1n speo1f1c1ty and rane;~,~of ~at1e1'actol'Y treatment dates •
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1. Professor 1n Turf'grass Management; fo~ Researoh Ass1stant
1n Farm Crops; and. AS,soo+§j;e R~~ear911 ,_,Q~a,J,.1st .1n We~'i- QQn­
tl'Ol i .respec:t1 vely , Rutge8...r-the state' !lMvarsity 1 New 3'.~ey
Agr1cultural Exper1ment Station, New Brunswick, New Jersey.
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,'j' .~•.~COVERY;OFC14AMIl9EW FROMA 'ryPICAL'GIU!mIOUSETYPESOIL
-,,~lJh:... /" (1,' ',.~; FIr,

by Me- :t. Sutherland
, ,

INTOODUcrION

The effectiveness and depend~bility of a soil active herbicide is
greatly influenced by such variatcros as leaching, photodecomposition,

,~,e~~l,d~~~tion, and:~~~tionby sodll$l>Uoids. If achemlcal
,,"iibAA' fOJ\~ ~~~oundin qlle.llt.ion is nota vaiJlBblea bioassay technique
~~ o1;'teJ'l~1J.11~,Ile<i to measurt. ,)~, residual actillliJt:qbf a herbi cide. ~
€l,ver;.wathbi9\S8~ay technill~l{.i.:l.one it is diffJ:bu1t to determine which of
the above ·~a.$Plel3 is. contr1~tng to the disappearance of the herbicide
\:le1A&st"uMtm.,Bo~a:renko ,1Di.:l!9$6demOristr8t~d:J:ld.th c1.4labeled AUt._
ut1lity:of,tMg~d~terial$~, t'QUowing their- ~te. in soils. (1)

':ji1, ,J ,y" ,:,

The work reported in this paper is actually a by-product of a 014
~~en tr",cer pl\wiYin sOyQ~VPJ;'e!"elllergenCltlsreatments of 014Alrd.ben

',,,,e~,appli~, t(l·POlltainers)~ LUl,.fie;j.d on JUIiI8'.!20,.i1961. Periodio i1~an

Pla,Iite ",e~ !le, ' J'YeIt,te,',<l.from,.~ t.nli,ted, ccnta:i:,"rnt-, up until October 20,1.961.
,E.xa¢nat"o~~f.[~~ 'treated SO:U,.t ;thattillle~ed a considerable~unt
iof,'rliQipaot1v!ty; WaS still, _.tnt. i.E; ,J' "

" ,; :';r,', , ,1,s-
:Itl.l~~ ,~n deci(ied to i:t.nveCltigate the na:1;uI; Clf tQis radioacti'rirtY'.,

'~PlJwere.tll~entot 1) det~ the dil'ltrib"trtdL1tn'of theradiosctivi"'1A
,;'tbe ;~i.;l.,.2t 4,~ne it' anY.,,~,~the radioact:l!vi$Y'!.80AIld be attributed,it"cl'
~1;!ell:'~ )hte1i~r.mine it'.~ofthe radioactd-.:J;1:was availabletl) ga!l.\9-'
m1p."t~rspybt9.M.";;'):' ""f><: '

! ''; J~:i b; \'
METHODSANDMATERIALS

Experimental conditions for 014Amiben field tracer study:

Nine terracotta tile cylinders 18 inches in diameter by 24 inches long
were sunk in the ground so that only 2 inches protruded above the soil sur­
face. The soil used to fill the containers was a normal greenhouse mixture
consisting of 5 parts of a field soil with a heavy loam texture mixed with
one part of concrete sand. An appropriate amount of lime and complete
fertilizer were also added.

Treatments consisting of 0, 3 and 6 pounds per acre of Amiben, replicated
three times, were applied directly to the soil surface. Fifty percent of
the Arniben in the 3 pound per acre treatment and 25 percent of the Amiben
in the 6 pound per acre rate was c14 carboxyl tagged material whose specific
activity was 1.1 mc/J~1. This amounted to 147 microcuries of c14Amiben on
each treated cylinder.

The treated co~tainers received a total of 8.9 inches of water d~ring

the growing period from June 20 to September 28, 1961 •
. ': _r~',~ , ;:Jj ").J~'_" . ·"'1

;,~;~~~~~ult:a~'~8etir':.nep~t~ .ohG~i~' Inc., Ambler"ftpnsylvania J
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Distr:tbution of radioacti~tl through soil pl'otdle:

A procedure was developed where layers of soil"in 1/8" increments
could be counted directly in a gil' now,windowlesll1>roportional counter.
A stainless steel tube with 1/8"w811, 1 314"diameter, and 6" long was
sharpened on one end. This tube was forced by hand.'into the treated
containers wi th a rotary motion until only It" of t~ tube remained above
the soil surface. Moisture conditions were such th ..t.'the soil remained in­
side the steel tube when it was pulled back out of the soil. The core was
then extruded out the top of the tube 1/8" at a timer by. inserting 1/8"
shima at the bottom. Since the planchets used for counting the soil were
only l:t" in diameter this allowed'" of the outer edge of the soil layer to
be trimmed away. This minimizes any shifting of theo:soll.l profile due to »

friction between the soil core and the tube as the ·core was first forlOOd or
extruded. Planchete containing the· soil layerswe~ drlied at 1250 C for
one hour prior to counting.

j

Chemical recovery and identtification of radioaot1vity from different·
soil levels.

Larger samples of i" soil lay~:rs for chemical apalysis were collected
in a very similar .fashion to that ciescribed previou .•;Ly., The aluminum tu@
used to obtain the coil core had 'a 1/8" wall and lOOaJ,ured4" in diameter
and 10" long •. The tube was forged ,into the ground by hand and a soil core.
4t" deep was removed. The soil. core was extruded' out t~e top in t" incre,...
ments and collected in a petri dish., The average dW Weight of each t laiYltr
was 80 grams. . .

Fifty grams of soil from each .~ layer was Plac~"in a 250.cc beaker ~
mixed with 50cc ofa 10% Ba(OH)?aol~tion. The mixtqre was boiled on·a· bot
plate for 30 minutes with occaei.onal, stirring •. The.fll;Lurry was then trans­
ferred to high density polyethylene centrifuge bottles and centrifuged at
2500 rpm for 10 minutes. The supernate was decan~(1nto a 250cc beaker and
the precip:ltat,e resuspended in2$cp boiling water al}ll,centrifuged. The .
combined supernates were adjuste4 to pH 2.5 withC9ll\ff!ntrated H2S04' The"
barium sulfate. tbat was formed tias J'!!mond, by. centr~llgation and supernate •.
decanted off. .'rilebarium sulfate !l;j~ resuspended i~,J.5.cc water and centr-i­
fuged. The. pH of the combined sUJI!lrpates was readj~ted to 2.5 and extrac;\ed
with three 25cc portions of dietitl¥~. ether. The e.th~~xtract was backwaSp#!d
with 5cc of pH 3 water. 'Ihe ettle.r. e,xtract was then~laced in a 125 round '
bottom flask containing 5cc of methanol and evaporat~d to 5cc on a rotating
flash evaporator. The 5cc of methanol concentrate was transferred to a 10cc
stoppered graduate and diluted to 10cc with methanOl. One milliliter
aliquots of this concentrate were pippetted directiyonto a stainless steel
planchet with raised concentric rings in the floor (Nuclear - Chicago Corp.
GC -12 sample pan). The planchets were dried on a rotating platform under
an infra-red lamp located approximately 6" above the samples. The samples
were heated several minutes after all of the volatile liquid appeared to
have disappeared and then counted.
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Availabili ty ot the· rad:llcJacrt,1T.L·tyin the'va.soua soil levels to . _
germinating sO:'(beans: , "
:' .,' ,.,-: '.' '. I ;'. :0J.:' 'r.,·

. '1\fenty 'Monroe soybeansve:re 'planted ineachdin···x Ji" petri dish .:
containing '!" layers of soU 'fl'om.each treatinent~,!'0tiI.y the three ,"'~rs
from the: top 1,," of, soil were ,sampled. The petr:b.tdiicSheswere place. 011'
sand containing a heating cable:to maintain thetJench temperature frorri
75°C to'60OC.·Theseeds were ,allowed imbibe for~ days and were then
removed trom the 'petri dishes .. · Soil was washed m lmd the seed coat WliS
removed trom eiach seed to minilld.ze· any surface· clthtandnation. '

t· C;' .

Analy'sis of 'the imbibeu seeds ,included an ~al1ne digest to hydrblys~

any Amiben plantcOl1iplex. 'lheS'w 6 grams of·.e'lln. seeds weregroulld in
25 grams of gl:vcero1 with a lIlCl1'!tarandpestleand' transferred to a 2! ciII :it
20 em test tubei' Five gralllsot"JroH pellets was ''-G4'and the oontents ,", "
mixed with a thermometer. The test tube is then d.'iIllIlersedin' a 1500c on
bath for 15 minutes. The test tube is adjusted in the oil bath. so that the
glYI:lE!:i'ol~~fltU:'h 9n.ttle wa:l.l!.!L~fthe test ~.im.·l:>nl'y a miniinumamciunt

,of stirring is required.

Aftler the 'hydrolyses is'twm,pleted theoon~s"btithe test tube is "
transferred tiCf,a 2~Ooc centrifuge bottle with t~ aid of 50cc of dist1'lied
wash water~Ube'sol'utionisU'\eni ,acidified w:itltJ'tel'loehtrated ~S04 t,o B
pH of 1 or lower. The fatty Bcd.d's·that arepree1111tated on additioh of the.
suUuric a'cid are removed bY'e1Cttacting the, acidlc) ablution with two 2S'Clc
portions of petrolel.lm' ether.:.;'. emulsions thllttwe~ ,forllled were read;l.1y

'broken by centrifugation. The pH of the solution wall adjusted to pH 2~S
with NaOHand the solution was then extracted with three 25cc portions of
d!el.hyl fether.·~ evaporatidh"ot the diethyl 'e~ri and plating of the
mettumoJ: conoeiit~ate is the 11'_IiIS outlined 'P~ous1:y for therecovert
0.f'rad1oaoUVfty-i fi'6m the soi1-" .! . ),0, ; .

. ; I .. , . . ': :" ",~I • .', . ")1t j

The radlOlictift'&Olut1bnif"~lita1ned rroi1lth*!.~!1.Y'sis or "'hetre.sted .
soil and imbibeC1:sbybeans weN. eXOdned by one aaenUonal paper chroma;;.
tographyo. 'Sheets' of Whatmai1'NO.4 filter paper'iJ!3 emby 19 cm,were used
in;an asoendirigchrbma'ta'gra~c¥:tank. .The deviellJilinent so1~t1on used waS
twoparts'ri"Q,~ol : one p8I1l"~l. alcohol : ~helr~ 2 N NHhOR. The f',

~heets wetes~ after deveIbi:bent with a~ss gas ,flOW detection
he~d' oonnee,tedto "ll"scaler." C~· Jbn1benstandl1Jld8'.'were located on eit~r ,
side of unkhewn~pots for acc~te comparison~JD., . "

..' ., . ,. I '- : .' ' ~ " .• • ,. . rJ

')

,r'

," ;'.1,)

tr:'

·'!.3 f ·
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•RESULTS

The distribution of radioactiv:j.t-y in the top four inches of soil
four months after a 6 H/A treatment of c.I4Wben can be seen in Graph I.
It is to be noted1ihat the h~8t concentrati6ft otradioactivity is f~
in the layer of soil 1/8 n to 1/4"below the soU surface. From that point
on there is a gradual decline in radioactivity. Direct counting of untreated
soil1ll1der the S8itte conditi 9lUl.yields an avera~\ of 13 counts pprmin.. uiiF of
above background due 1;0 the 'natura~ oceurring~:loactivity K40•. The lOll' .'
counts received therefore, frcllIl'the 3" to 4n 1~ are still greater than that
received !rom the untreated soil·. ,",

' •. '.f
,\ .

The comparison in dil.8Wi1bution of racH\iiactivity between the 3 H/A
treatment and the 6 HI! is shown in Graph II. 'iIill*el/21t soil layers were
collected and counted d1rec~.Obviouslt one~s pot obtain as quite a
clear picture of the radioactive distributionwh1jft l/2 11 layers are oounted
as compared to 1/8 11 layers. The olose similaritj/:ln oounts reoeivedbe'tween
the 3 H/Aand 6 H/Atreatments is undejItandable,e1nce both applications
contained exactly the same amount of C Wben.\.:.I£ Graph II had pl',en drawn
to show the total amount of Wben for each 18i181"'-instead of the Cllf fraction
then the relative length of the bars for the 3 HtArate would be twice as
long as indicated while the bars for the 6 H/Arate would be four t:iJlles as
long. .

Of the various chemical procedures tried a barium hydroxide digestion
was the most efficient in remov:lng t.he radioactive components from the soil.
The choice of this partioular alkali was based upon the work oonducted by
Ercegovich in reoovering Amitrole from the soil. (2)

Table I is a summary of the results of analyses of the various soil
layers using the barium hydroxide digestion. In each case only a part of the
radioactivity is removed. For inste,nce the alkaline digestion of SOgramsof
soil from the 0-1/2 11 layer only decreased the counts from 4S7clmto 29Sclin.
This drop of 162 clm from the so11 surface represents a recovery of' 62,420
clin in the purified extracts. Dy plotting the recovery data in Table I from
the various layers of soil it is possible to approximate the total amount of
radioaotivity present in the soil. If one ass1.lJll8Sthat all of the radioactivity
in the top four inohes of soil is Amiben then this would account for approx­
:iJllately 17% of the Wben that was originally applied.

Paper ohromatography was used to examine the alkaline digests "to
determine how much of the recovered radioactivity could be attributed to
Amiben. Examination of the Rf values in Table I indicates that the aotivity
reo overed from the lower two layers was not Amiben. It may be a complex of
Amiben that is stable to the alkaline digestion used or poss;\.Ply an entirely
different oompound synthesiZed by soil o!'ganisms utilizing C14 from Wben.
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GRAPHI - Distribution of radioactiv:l.j:.y in the top 4" of so11 four months
after a 6#/A treatment of Cl4 Amiben.
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GRAPHII: Comparison of the~.tl;'i~ution of rad~activity in $Oils trested
wit~ 3#..and 6#1ACt4r_ben four monthriJafoter application .~, ..t

Soil
Depth

0"

1/2"

1"

11/2"

2"

3111AAmiben (50%)c14)

. Co~tB per minute 1

100 200 300400

-----�-----�-----�-~---Ixxxxxxxxxxxxxxxxxxxxxxxxx
xxxxx.xnnxxxxxxxx425XX_.
xxxxxxxx 254 ·XX
~
mXXXXXXXittX
XXXXXX 224 XX
xxxxxxxxxxxxx
XXXXXXXX
XX 163 X
XXXXXXXX

Soil
Depth

0"

1/2"

1"

11/2"

2"

jt'"ll't

~611IA. Amiben (25%c14) J

., :,Counts per minute
j' 100 200 .300" 400

-----I-----I-----I---~-I
XXXXXXXXXXXXXXXXXXXXXXXXXXX
~rmxxxxxxxxxx:xxxxx 485 XX
umxXXXXXXXXXXXXlOOOtJOOCXX
xxmxxxxxxxxxx
XXXXXXXX244 XX
·XXXXXXXXXXXXXXX
mx:xxxxx
2153 XX
XXXXXXXXX
IDXXXXXX
Ii[ 152 XX
XXXXXXXXX

TABLEI: Reeovery and identification of c14activity from soil four
months after a 6#/A treatment of c14Amften.

Soil
Depth

Direct count~ of Soil Radioactivity
before hydrolysTS! after hydrolysis recovered

011_1/ 211

li'le'-l"

1"~1 1/2"

1 1/2"-2"

457clm

466 elm

171 clm

167 c/m

I.···

295 elm

195 elm

112: elm

113 elm

J 62,420 clm

~)))9:,.420 elm
:., r>:

"p C35, 430 elm

34,150 clm
.\ r.

0.58

0.56, .

0.42
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. . The~ gt iSoy'beaD g(l)rininated,~,i)12W layers of soU '~ous17
tNeW iWith 6-1/1.of cl4 AtntbtrP'are tabula'ted. i :fjC\Tab1eII. These results
are strildng17 different than those received frClll the soybeans orig1nal17
planted in this same soU just prior to application of the chemical. In that
case 222,Soo o/mwere recovered from a compara~1t,8tllge and weight of soybean.
In add1tic:m'pa~c~tograp~ of the radioact~'ti7 recovered from the
soybeans treated pre-emergent revealed that the _terial was Amiben. ,nt
values fcnmd in fable I oleai~:;1ndicate that'iltfifadioactive compon~t:.
absorbed f)ythe'soybeans p~~n soil 4 month. after application ~ "fult
.AIlliben. . .... .. ,- . ._. '. ' .

-1/"
...f" ...',

The reatl1ti1 reported in this paper doM' e11minate the poss,~bil1ty
thats1gnif:1olZl'U 10nes may Wo occur bywaYo.':~h1ng, photodec~tion
ormic1"Obial ~Cnm~ .

TADLEJI: ~of e14 activity from imbibed.~ seeds planted'
iii dUteioent layers of soU 4 months after a 6 H/A treatment
of e14 Amiben .

SoU Depth
(inches)

o - 1/2"

1/2 - 1"

1 - 1 1/2 11

Saed l>1eigt1t
(e) "e

Radioactivity
Reoovwed

2,220 elm

1,S60 elm

S3 elm

0.34 - .41

0.34 - 0.41

* Rf value for Amiben in same:!tlaDkO.SS

SlDfMARI
~i·'•. ' . ,

::.)f:j

..\ "

-,NOrm8l~':tnefherbicur'a1';activftljof~d1sappears w1thiri 6to 8
weeks .at,. appJ.1oation to soil •. ;1:,w~s .I~en,.eralJf beUeved that thieloli'll of
aotivity. was dUe to an IiLctualdisappearance of Andbenby either leaching,
photodeeOMpodtiooQl' microb1a1\ae"OIIIposition. A taaged field trace:f.·-a~
is desoribed that showed signif:1cent amounts of, AII1benstill remained :1D.
the IIQU four .on~ .after an ~pl1oation of 3 H/1am6 H/Arates of (IlA'
Amiben•.

Of the variOUS methods tried, an alk~1Il. ~.$estionwas foU11!Lt9be
the ·lIios't'effiofin"t:l.i1 recovei'!Jiirwioactive mat.erraI from the soil •. Moet of
th .. ·radioactivelllaterial relllovedby digestion was identified as Amibenby"
paper ohromatography. However, the majority of the raaro4ct1"V1ty at111i'e­
mained tightly' bolmd to the soil even atter repeated alkaline digestions.
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J.4 The distribution of r~tivity l'esulUng from an application
of 0 Amiben to the soil surface was dete~ed 1>7d:lrect counting of soil
collected in 1/SIlsegments from the soil profile. The highest concentration
of radioactivity was in the la,yef,,'~ soil located ~~". to 1/4"b~low tpe,.
soU surface. . .' , .'.' . f.. , . .

SO)'beans' gmrunated itt'::thiltop 1/21'l~ of four months old ~ted
SO..il contained 2,200 c/m•. In"q'()'~..." ,.st when_the soybeans had been planted in
tlle soil just prior to the apP. ~~~on ot 014 Amiben and harvested 5 days
.later the plants' contained 100" .8 as much radioactivity. Furthe1"%l1Ol'e,.,
chromatographic EIlCa1Ili.nationof ~~ "Ioybelll1$.plantea in' .the soU ~our !J1on~,
after application of 014 Amibea'~maled that the im8J.l amount of radi()~t:.;I.ve
component present was not Am1b~ ,.,In contr~t it haii previously been sli9im
that the'majority of'rad10aoti't1tf·tound in soybeaDs' planted just prior 'to
the' treatment was Amiben.

~ 1 :",lr:

It is hoped that the 1 ilfti1abili ty of the' cllemical methods desc~ibed
in this paper will encourage other ;investigators to examine various soil
typltS for the:lr ab;Uit;' to comb~~::Nith Amiben so tightly that it is not
biologically available. ' '. .'
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