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The persistence and phytotoxicities of trifluralin
(o, où, o-triflufo-2, 6-dinitro-N, N-dipropyt-p-toluidine) .

prof J.ura]in (N- (cyclopropylmethyl) -ot ' oü | a-trif luro-fl ' 6-di-

nitro-N-propyl-p-t,oLuÌdÌnê) r fLuchloralin (N- (2-chLoroethyl)

*2 ¡ 6-dintro-N-propyl-¿- (trifluromeùhyJ-) aniline) I and di-

nitramine (Na, Nb-diethyl -o¡ o¡ o-trÍfLuro-3r 5-dinit'rotolu-

ene-2, 4-dianrine) lùere compared in Manitoba soils. Arralytical

determinatÌons and fieLd bùoassay results' one year after ap-

plication of ttre chemÌcals on light soil, indicated t'he order

of persistence as: profJ-uralin > trifluralin

> d,ùnitramine. On hearry soils, the order of dinitroaniline

persistencewas:profJ.ura].in>dùnit,ramùne>t.rif1ura1Ín>

fluchloralin¡ one year after application of the clremicals'

organic matÈer increased persùstence of trifLuralÌn and fLu-

chloralùn whiLe clay cont,ent ùncreased persistënce of Þro-

fLuralin and dinùtramÌne. The plrytotoxùcities of dinitro=

anilÌnes wèrel dÌnìtramÌne > trÌfluralin > profluralin =

ii



fluchloralin. The pþrtoto:<ùcùtùes of, alL chsnicals d'ecreased

wÌtTr increased organùc matter-

Under Lo¡r soùI tem¡reratures [¿oc] n trifluralùn caused

a greater ùnhÌbùtÌon of ¡rùLd oat (Apena fatua L'.) roots than

tbe other chernÌcals urhÌIe dlnLtraruùne and fluchloralin \dere

the most phytotoxic herbùcÌdes at Èhe hùgher t'emperatures

(goC). Root length was the best criterion for detection of

dinitroanilÌne herbicide acÈÌvÌty. Shoot growtlr was inhibit-

ed most by trifluralin at all temperatures tested but shooÈ

dry weight, was a poor indÌcaÈ,or of herbicide injury.

LTL
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TNTRODUCTTON

Substituted dinitroaniline chemicals have been

introduced as preplant, soil-incorporated herbicides for

the control of annual grasses and certain broadLeaf weeds

in many agronomic and horùicultural crops.

Trifluralin, a diniÈroaniline herbicide, has been

used commercially since 1963 and exÈensive research has been

cond.ucÈed concerning it,s, soil persistence. Ilowever, relat,ive-

J.y little is known about the persistence and phytotoxicity

of three recently introduced dinitroaniline herbicidesr Pro-

f1uralin, f1uchloralin. and dinitramine. Knowledge of the

persistence characteristics exprcessed by each of these herb-

icid.es under Manitoba conditions of cIÌmate and edaphic fact-

ors is essential when utilizing them in a normal crop rot-

ation program. fnformation on persistence is required when

selecting a herbicide which will not persist in the soil in

large enough quantities to injure susceptible crops grovùn

the year following application.

.An indication of the phytotoxicity of these chemicals

at low soil temperatures is useful when considering their

herbicidal activity during periods of low soil temperatures

early in the growùng season. The performance of the herb-

icide under these condit,ions may determine the level of weed

conÈro1 obtained in the current crop year.



Experirnents were conducted to determùne dùfferential
persistence and ph¡"toto:<ùcÌ,ty betwee.n trùf,luraIùn, proflur-
aLÌ¡rn fluchloralùn, and dtnùtramine* 'as aff,ected by soÌJ. Èype

and appJ.Lcat,ion raÈ,e under Manùtoba condltùons. The phyto-

toxùcÌties of the herbicùdes at low soil temperatures was

aLso studied..

*
Chemical structures

use.d in this study are given
of the
Ìn the

dÌnÌtroaniline herbicides
appendix.



T.TTERAIrURE BET¡TE\T

INTRODUCTION

Dùnl.troanl.Line t¡erhicùdês arè ¡lost eff,ecùivê or â,rr+

nual grass'y nreeds but also controL sq6ê broadleaf weeds

(tIarvey, L973al. Although dùnùtroanùIÌnês are sìmùIar chsn-

Lca1ly, tbey dÌffer ùn effectÌveness ln controllùng t¡eeds

(Murray ¿t dL. ¡ L9?3¡ Harvey, 1973a¡ Harveyn 1973b).

DinÌtroanù]ìne herbÌcùdès are appLied and inco3por-

ated Ìnto the soiL and theùr interacÈÌons wÌth- soil compoll-

ents great,ly affect, their behaviour under fùeld condit,ùons

(Harvey, I973b). Persistence of these herbÌcùdes depend,s,,on

specifÌc properties of ùhe chemÌcal and on c]Ìmat,Ìc and

edaplric factors which affect, the rate of disappearance

(Horowìt,2, 1969).

Murray et aL. (1973) noted that there appears to

be a defùnab1e variatÌon Ìn phytotoxÌcÌty as the chemical

structure of diniÈ,roanùLine compounds is changed and' that

there appears to be an Ínherent phytotoxicìÈy in each of

ttrese herbÌcùdes ÌrÌth the differentùal selectivity being

controLled prÌmarùly by herbìctde rate selection.

lüork done by Rahuan [1973] showed that' Èhe pþto-

toxùcity of trifLuralùn can vary urùth temperature and soÌl

twe.



À}TAùYTICAJ, TECHNTQUES

Accordlng to Î{essers¡r¡Ith et qL, [197XI¡ interpret:
atùon of srnaLl ehangee ùn pLXrtotbxùcùty of a heirb-ùcùde from

a bùolbgLca1 assay ùs dtffùcuLt, becausê a change of ssruè

factors such as soùl moùsture and soùl pII can affect, avail-
abùlÌty of a compound for plant absorptl.on. They used .o"r,*

dry weÌght as an ÌndÌcator for trÌfluralùn presence in sandy

Loam and sùIty clay loam soÌls, and noted that corrr Ìras

sensÌtive ùo I ppmw of trÌfLuralùn in the siJ.ty clay.,loam

soùI and, to only 4 ppmw i:r sandy Loam soùI.

Burnside [f974) a].so found that, corn dry weig]rt was

not a defÌnÌùÌve indÌcat,or for Èrifluralin in silty clay

loam soùL in the greenhouse as EDs o was 4 ppm\ù. For field
studÌes I he used mÌJ.Iet, t,op growth and oat, seed production

as ind.icators of ÈrifLuralin persÌstenceI again in silty
clay Loam soÌI.

Ilorowit,z (1969) , working with several herbÌcides

includùng trifluralin, found that, oat,sn growing in very low

concenÈrations of herbicides in the greenhouse, Ìrere frequ*

enÈÌy È,aLLer and had a greater fres'h weight than the. egiù,Ëggl-

pJ.ant,s.

*Generic names
review arê present,ed Ìn

for all plant,s clted in Literature
the Appendix.



Oat fresh weights Ìüere used by Savage and Barrentine

C1969) in a greenhouse bioassay of trifluralin on field

samples of a siLt, loam soil. The bioassay failed to show

differences in phyùotoxÌc resùdues from various incorpor-

ation depths, but, it, did show the reduced residual phyto-

t'oxÌcity of a 4-48 kgr/ha surface appLÌcation of t'rifluralin'

Gas chromatographic (GC) analysis of Èhese same soils showed

a highly significanÈ, trend to ùncreasing persisùence of tri-

fluralin with increasing incorporat'ion depth.

lìleber ¿ú aL. (1974a) ' using bot'h a bioassayr Ítêâ-

suring fresh weight, of foxtail millet shoot,s' arrd GC analysis

for detection of trifluralin Ìn a loamy sand, achieved a

good correlat,ion between Èhe two methods in Èhe soil with no

additive and in the soil \,rrith a clay addÌtive, but found that

only 15B of ttre trifluralin present was biologically det'ect-

able in soil fort,ified with high Levels of organic mat'ter.

lrthen studying pH effects on trifluralin persistence

in a very fine sandy loam, Savage (L973) noted a good correl-

aÈion beÈvreen GC analysis and bÌologican assay detection

when employing shoot, height,s of sorghum as the bioassay cri-

ùeria. Hovrrever, he pointed out the fact thaÈ, bioassays

measure only the bio'J,ogically available herbicide in the

soiL.

Menges and TaÍiez (1974) cOnducted both laboratory



bioassays usùng shoot lengÈh of, pre-germÌnated letÈuce¡ rêd,=

root pÌgweed, and Ïtalùan mùIlet as indLcators, and field
bùoassays wùth a vùgual ratùng of the growth reductùon of

sorghum and IÈ,alian mùLLet, as crLterùa for ÈrÌf,luralin Pèrs

sÌstence Ìn a sandy Loam soùI. Upon comparÌson of the

bioassays to GC analysis, tbe concentration of trifluraLÌn
ind.icated by the bioassays tìIas greater than that, by GC

analysis and they assumed biological.ly active decomposition

proiluct,s of trifluralÌn Ì/ere detected in Èhe bioassay.

VisuaL rat,Ìngs of sorghum and Japanese miLÌet were

used, by Miller et aL, (1975) in greenhouse bioassays for
trÌfLuraJ.in in fùne sandy loam soiL. Horowitz et aL. (1974) 

'
aLso using sorghum found J., 2 | and 4 ppmw È,rifLuralin reduc-

ed shoot, length and shoot, fresh weighÈ of plants grown in

È,reaÈed clay soil by 62, 90, and 978 respectively.

VisuaL rat,ings of oat, injury, soybean plant counts

and folùage and seed yùeJ.d, âs well as visual rat,ings and

êlry weights of velvet,leaf and gÌant foxtail shoots vrere

bioassay indicators used by Harvey (J.973a) for the persist-

ence of severaL d,inÌÈ,roanilÌne herbicides in a field study

on sÌLt, loam soüI.

Inhibùt,ùon of crabgrass

aL. (1967) as an ùnde>< for the

silty clay loam soÌL under Laboratory conditions.

has been used by Probsl et

trÌfLuralin contenÈ in a



Phyùotoxicity studies by Murray et a7., (1973) reveal-

ed thaÈ oat,s \¡rrere more resistanÈ Èo d.initroaniline injury
than lùas sorghum. This Ìüas concluded from EDs o vaLues (herb-

icid,e concenÈration reducing plant growth by 50%) obtained.

by eval.uatùons of the fresh weight, red.uct,ion and root injury
caused by these herbicides.

SOIT PERSTSTENCE AIIÐ PTTYTOTOXICTTY

Savage and BarrenÈÌne (.1969) determined from GC anal-

ysùs, thaÈ residue lévels of trifluralin increase with deep-

er incorporat,ion, probably due to less volaÈilization and

Iess rapid gas exchange at these greater depÈhs. By using

bioassays [sorghum and ïtalùan mùI].et height, and vigor) and

analyt,ical methods on soÌI samples from the f ie1d, Ivfenges

and Tamez (1974) also found longer persistence as deþÈhcôf

ùncorporation was increased.

Vapor loss of Èrif1uralin, according to Bardsley eú

aL. [1968) who used a charcoal vapor trap, Ìùas much greater

from a loamy sand surface than when the chemical was applied

subsurface, allowing the soiL to act as an adsorptive barrier

to volatilizaÈion.
Upon exposure of surface applied. trifluralin to sun-

light, under greenhouse conditions. lüright and Vüarren (f965)

not,iced a decrease in Èhe biological activiÈy of È,he herbi-'



cide on fresh weight, of fÈ,a1ian milLeÈ shooÈs, due to photo-

decomposit,ion and volaùilization of the chemicar. NiLres

and Zabùk (1974) determined. by use of Èhin-layer soiL plat,es

and subsequenÈ GC analysis. that photod.estruct,Ìon of f Iu-
chroralin at, potenÈ,iar environmentaL concentrations is rapid.

crover (1974) stat,ed Èhat, the efficacy of the soil-
applied herbicides is dependent on their relative availabil-
ity Ìn È,he soil, the J.atter being regulat,ed by the extent,

of adsorption on soil coLloids, especially the soil organic

matter.

üTeber et aL. t1974a), after fort,ifying loamy sand

soil wiÈh clay or organic mat,ter, concluded, by means of a

bioassay using foxtail mÌIlet fresh weights and GC analysis,
and after considerat,ion ùhat, only a portion of trifluralin
present was biologicaIly deÈectable in high organic matter

soùIs, that the clay conÈent of soil does not alter residual
trùfluralÌn but, organic content does increase persist,ence.

They found that of a total of 3.2 lcgr/ha appJ.ied over 2 years,

approximately 28 remained in unmodified soil and in soiJ.

modified r¿ith cJ.ay onry, whùre LrB remained in soil modified,

with organÌc matter. This increased persistence due to
organic matÈer addÌtions Ís like1y due to the increased ad-

sorptive capaciùy of the organÌc materials and theùr ability
to reÈaÌn vapors, according Èo BardsJ.ey eú q,L. (leeZ¡.



Soil pII, according to Savage (1973) who worked with

a very fùne sandy loam soiJ., seems to have an influence on

soil persisÈence of trifluraLÌn since he found greater per-

sistence under acid soùL condit,ions as indicated by reduced

shoot, heighÈs of sorghum and GC analysùs. BuÈ he suggests

the response to pII may be reflecting a physico-chemical

change in the adsorpÈive-desorpÈive complex of the herbicide

in the soil rather than actual herbicide degradat,ion,

Leaching studies by Arrderson eú aL. (1968) on a clay

loam soil showed that large rùat,er votrumes failed Èo move Èri-
fJ.ura1in any appreciabLe distance into the soil. These re-
sulÈ,s \ùere achieved by use of soil columns with injuÈy Èo

junglerice and shoot heighÈ and root, development of sorghum

as bÌological" indicators.

Menges and Tamez (1974) also found by bioassays using

sorghum and mÌLlet height and vigor as indicatorsr and by

analyt,ical methods, that trifluralin remained wiÈhin the

original zorre of incorporaÈion in a sand,y loam soiL, regard-

less of rainfalL. MilLer ¿ú aL. (1975) aJ.so confirmed È,he

Ij-mùted movement of this herbicide in a fine sanÈly loam by

both GC and a bioassay using visual ratings of sorghum and

mùI1et, as indìcaÈ,ors

Tråf1uralin degradaÈion has been foundr bY Messer-

smith ¿ú aL. (L97L) r ,ùo Ìncrease wÌth higher soil moistures



on silty clay loam and sandy loam soilsr âs deÈermined

from the effect on corn dry weùghÈ. Ilarvey (1973a), by us-

ing several measurernents on oats, soybeans, velvetleaf, and

giant foxÈaiI, reached a sÌmilar conclusion afÈer finding
Èhat Èhe lengÈh of persistence of trifluralin, profluralin,
fluchLoralin, and dùniùramine appeared to be reduced by in-
creased rainfall.

Horowit¿ ¿ú aL. (1974), using sorghum leaf length

ad an indicator, observed that, trifluralin degraded more

rapidJ.y in clay soil when left und,isturbed than in soil which

had been dried and mixed periodically. In applying this to
cuJ.tura1 practices, they assumed that Èhe soil drying and

aerat,ion effect of cult,ivat,ion couLd extend the persistence

anil hence effect,Ìveness of a herbicide applùcat,ion.

Burnside (1974) noÈiced Èhat plowing appeared ùo re-
iluce long term carry-over of trifluralin in silty clay loam

soiL and suggested Ìù may result. from detoxificaÈion of the

herbicide when incorporaÈed into more moist, soiL. In these

studies, topgrowth of mÌI1eÈ and oats vrere used as field bio-
assay.

Increased vapor i z ation oc currÈ.çrg'. ùn i¡ng ùs'Èe,t ;, sùI t;rl,gam

soùIs enhances movement, of trifluralin vapors and a subsequ-

ent loss of the herbicÌde from the soÌtr, according Èo HoL1isÈ

and Foy (197L). Bardsley øú aL, (1968) determined that, great-
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er volatilization of trùfLuralin took pJ.ace from a loamy sand

soil at, the maximum reù,entive capacity than from the same soil
at field capacity due to greater herbicide-crystal dissol-

ution, more vaporization of a free J.Ìquid than a J.iquid under

tension, and the competition of water with trifluralin for

soil adsorption sites.
Hamilton and Arle (1972) not,iced damage to sugar

beets and sorghum, l, 2t or more years following application

of trifLuraLin to desert soiLs because of low soil moisture

andr/or low temperatures.

High temperatures result, in increased volatilization
of trifluralin from a sandy Loam soil causing increased

phyùotoxicity to r¡uheat seedJ.ings (Rahmanf 1973) . Savage and

Barrentine (1969), using a charcoal vapor trap over treated

sÌIt, loam soil, also observed ùncreased volatilization of tri-

fLuraLin with Ìncreasing soil temperatures.

Horowit,z et aL, [1974) determined Èhat' the rate of

degradation of trifluralin in clay soil approximaÈe1y d,oubled'

as incubation t,emperatures of the soiL, at 508 fieLd capacity,

rose by 10oC Ìncrements betr¿een l0 and 4OoC. His bioassay

criteria \^rere }eaf length and fresh shoot weight' of sorghum.

By analyticalfrnethods, Probst eú aL. (L967) also

found trifluralin breakdown in silty clay loam and fine sand

soils to be temperature dependent under laboratory condiùions

11



and noted È,he rate of disappearance under controlled condi-

tions to reduce considerably compared to studies conducted

in Èhe fie1d.

It has been noÈed by ProbsL et aL, (1967) that micro-

organùsm.s may contrÌb-ute to Èhe eventual destruction of tri-
fluraJ.Ìn, ùn a silÈ, cJ.ay loam soil, ùo simpler compounds but,

this cannot be considered Èhe major pathway of trifluralin
degradatÌon. They aLso observed Èhat trifLuraLin-ÈreaÈed.

soùLs in a corrtrolled environmenÈ showed no build-up of

specific mùoroorganisms whÌch could be credited with the de-

gradatÌon of trifluralin. Savage (1973) reached the same

concJ.usion, that, microbùa1 degradation is not a major mode

of ÈrifluraLin loss from soùJ" as autocLaved and non-auto-

claved soils 'r,ùere simil"ar in herbÌcide persistence.

By use of radÌoact,ive rhc-trifluralin, Messersmith

et aL. (197I) aLso found no buiLd-up of specific micro-

organisms capable of d,egrading trifluralin Ìn silty clay

Loam and sandy loam soÌIs and noted that, high concenÈ,ratùons

of the chemical inhibited the acùùvÌty of specific organisms

whùch could metabolize the herbicÌde.

Ðinùtramùne, however, is degraded primarily by the

microbùal populations ¡¿ùùhån soil as seen from Èhe significant-
lyt reduced degradat,Ìon raÈ,e in steam sÈerilized soils as

compareil t,o non-sterilized soils (Smith ¿ú a.L. t 1973).
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Degradation paÈhways under aerobic and anaerobic

soil conditÌons in a controlled environment have been postu-

IaÈed for trifluralin and dinùtramine by Probsi et a7.. (1967)

and Smith et a1,. (1973), respect,iveÌy.

Residue analysis by Probst et aL. (1967) , using r ac-

J.abelled trifluralin, indÌcat,ed neither trifluralin nor iÈs

degradation product,s are incorporated into the leaves, seeds,

or fruit, of soybeans and cotÈon. However, they found roots

of Èhese crops contained some resùdues of trifluralin in the

region of soiL incorporation, while onions and garlic con-

taÌned resid.ues only in their outer sheII. Carrot rooÈs,

according Èo these researchers, do incorporate trifLuralin
to some extent,"

Studies by Burnside (1974) and Parka and Tepe (1969)

of repeated annual. applùcatÌons of trifluraLin to various

soiL È,ypes at, several LocaÈions in the United SÈates have

shor¡rn no buiLd-up of the herbicÌde in the soil. Even wiÈh

applÌcations at, twice the recommended rate, Miller et aL.

(J.975) observed no accumulation of trifluralin in fine sand.y

l"oam by either GC analysis or fùeLd, and greenhouse bioassay

studies which empJ.oyed visual rat,ings of sorghum and milleÈ.

llorowitz et aL. (IgZ¿) determined that after I month,

growth reduct,ion of sorghum shooÈ J.engÈÌr due to I ppm tri-
fluralin feLl to less than 20? in undistuçbi¡O'-i.q1äy:'soillin:-
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the greenhouse and that, conrplet,e d.etoxification was achieved

at, 4 months.

The concentrat,ion of radioact,ive trifluralin, in
field studies on siJ.t, Ioam soiL. feLl to J.O-LSB wiÈhin % - I
year, in experiments by Probst, ¿t a,7,. (1967). Menges and

Tamez (1974) found no appreciabLe amount of trifruralin per-
sisting after r year in a Texas saudy Loam soir using sorghum

and milJ.et, height and vigor bioassays.

A field comparison of dinitroaniline herbicides by

Ilarvey (1973a) in a Vrlisconsùn siJ.t loam soil wÌth 3.5 4Z

organÌc natter, showed triflurarin to be the most persistent
of the four herbicides under consideration in this project.
It, was followed by fluchLoralÌn and profLuralin with dinitra-
mÌne being the least persistent. The results were obtained

over a 2 year period employing a visuåt estj-rnate of injury
to oat,s planted over the plot, area.

Murray eþ'aL. (J'973) demonstrat,ed,, by measurement of
fresh shoot. weight,s and root evaluations of sorghum and oats,
thaÈ dinitramine shor¿ed the highest d.egree of phyÈotoxicity

followed by trifJ.uraJ.Ìn, profluralin, and fluchloraLin, in
decreasing order

The phytotoxùcity of trifluralin to both urheat and

green foxtaiL appeared to decrease with increasing organic

matùer contenÈ of the soùI in studies by Rahman (1973). He
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used shoot dry weights of wheat and

Ìüeber et a7. (I974b) aLso noted the

trÌfLuralÌn to grassy and broadleaf

matter.

T,OTü TEMPERATURE EFFECTS ON PIÍYTOTOXTCITY

Negi and Funderburk (f968) suggested trifluraLin
vapors pfay a role in herbicide activiÈy when the herbicid.e

is ùncorporated inùo the soùL. Using proso millet shoot,

length as an ùndicaÈor, Swann and Behrens (J-SZZ) concLuded

that shooÈ enÈry of trùfluraLin in the gaseous phase may be

a major, Ìf not, the major, means of Èrifluralin uptake by

germinating seedlings in ùhe soil ur¡der field conditions.

Decreasing soil Èemperatutres¡ âs reported by Rahman

(L973), decreased volatÌlizat,ion of trifluralin and hence

reduced the ÈoxùciÈy of the chemical to wheat, in siLt, loam

soil. The Lowest, È,emperature reported in this work was L6oc.

Harvey (1974) concluded that differences in volaÈiliz-
ation of the d,iniÈroaniLÌne herbicides from silt loam soil
probably have the greatest influence of the effectiveness of
soùI applications. Based on in vitro sÈud.ies measuring fox-
tail milJ.et root and shoot 1ength on treat,ed or untreated

agarr,:]re found trifLuralin, prof1ural.in, fluchloraLin, and

dÌnitramine to be relatively voLat,iLe.

foxtail as indicators.
reduced, phytotoxicity of
weeds caused by organic
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TOüü TEMPERATURE GERMTNATTON OF üTTLD OÀTS

Vüork conducted by Friesen and Shebeski (1961) demon-

strated that, under controlLed conditions at 10oC, wild oats

did not, emerge unÈ,iI 14 days after placement and after 28

d,ays, emergence \'ùas only 55%. They found no emergence at

4.4oc and indicatùons of induced seed dormancy.

In contrasÈ, Leggett and Banting (L959) found the

J.argest, percentage of wÌId oat seeds germinate between l.LoC

and 10oc.
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PERSTSIENCE A}ID PITYTOTOXTCTTY OF DTNITROA\ITLTNE

HERBTCTDES IN MANTTOBA SOILS

Absþract. The persistence and phyùotoxicity of trifluralin
(c¿, d, I o¿-trifLuro-2, 6-dùnitro-Nn N-dipropyl-p-toluidine) t

profJ.uralin (N- (cycfopropyJ.methyJ.) -d t o¿, cl- triflüro-2,
6-dinÌtro-N-propyl-p-toluidine), fluchloralin (N- (2-chloro-

etþrl) -2, 6-dinitro-N-propyl-¿- (trifluromethyL) aniLine)'

and dùnitramine (Na, w4-dÌethyl-cl, s,t cr-trifluro -3f 5-

dÌnitrotoluene -2, 4-diamine) \^Iere compared in 3 Manitoba

soils: sandy J.oam, clay Loam, and c]ay. A¡alytica] deter-

mùnations and fieLd 'Èùudy:rÞsüLts¡ o{¡e yeas after,applÈ^cË','

ation of the chemÌcals on light soils, indicated the order

of persistence as: profJ.uralin > trifluralin ) fluchloralin

persistence \ùas: profJ.uralin > dinitramine > trif Luralin >

fluchloralin one year after application of tlre chemicaLs.

Increased, organic matter increased persistence of trifluraLin

and fLuchLoraLin white profluraLÌn and dinitramine persistence

increased with increased clay content. The phyt'otoxicities

of aLl chemÌcals decreased with increased organic matter.

The phytotoxiciÈ,Ìes of Èhe dinitroanilines \üere: dinÍtramine
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INTRODUCTTON

The d.inÌtroaniline herbicides, trifluralinr pro-

fluralin, fJ.uchloraLin, and dinitramine are used primarily
for control of annual weeds in several agronomic and hort,i-
culÈura1 crops when applied. as a preplant, soil-irrcorpor-
ated treatment. The persisÈence of È,hese chemicals in soil
is infLuenced by soil ùype, application raÈe, chemical and

microbial degradation, photodecompositÌon, volatility and

climat,ic factors of temperature and, rainfaLl (5, 6, Iln J,2,

13, 15, ]-7, Ig, Lg).

The clay content, of soiLs does not alter residue

LeveLs of trifluraLin whêreas organic matter increases per-

sistence (18). FÌeId applicat,ions of trÍfluralin at twice

the recommended rate have shor¡rn no build-up of the herbicide

in the soil (7 ) . Time-rat,e degradat,ion studies ¡uith tri-
fluralin have Ìndicated an initial rapid decrease in concen-

trat,ion to 10-158 within % to I year with small quantit,ies

persisting as long as 2 years (12). Greater persistence of
diniÈroanilines under low soil moisture has been reported by

severaJ. researchers (1, 3, 6).

FieLd studies under üTisconsin condit,ions indiaated,

trifluraLÌn to be the most persÌstent of these herbicides

followed by fluchLoralin and profluralin with dinitramine

exhibiting the most rapid. dÌsappearance t3).
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Dinùtramùne has been found. Èhe most phytotoxic

herbicùde followed by trùfluralin, profluralin, and fluchLo-

raLÌn Ìn decreasing order [8).
Dry weight, of oat,s (15) and sorghum fresh shoot

weÌghts [5, 7) have been used for the bioassay detection of

trif luralin in soil. Analyt,icaL d.et,erminat,ions have been

used by several researchers (2, 9t 10, 11, 16). A good.

correlation was observed between fresh weighÈ of foxtail
millet bioassays and analyt,ical determinat,ions but high

organic matter reduced deÈectabilùty in soil bioassays (18).

.4, good correlaÈ,ion between the two methods was also noted

when usÌng sorghum shooÈ height as the bioassay Índicator

[14) .

The pu¡pose of Èbis study was to determine phytoto-

xicitùes of trÌf1ura1in, profJ.uraLin, fluchloraLin, and

dinitramÌne and to compare È,he persist,ence of these herbi-

cides as affect,ed by soÌI Èype and application rate under

Manitoba conditions.

MATERI.AIJS Ã}TÐ METHOÐS

Eí,.al.d Eæperìmønt. ExperÌmental sites tìrere selected aÈ 3

Locations; Carman (.jAlmasippù very fine sandy loan) , Ro1and

(Myrt1e heavy fine clay Loam), and, GLenlea (Red River clay).

The pþrsical characteristùcs of these soùls are given in
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Table l.
PrÌor to herbùcÌde applicat,ionn the sites 'were culti-

vaÈ,ed, or rotovated, to a d.epth of 15 cflt. A randomized bLock

experÌment,al design was used. There ùrere four replicates
per treaùmenÈ with a plot, sÌze of 2 x 6 M on the sandy J.oam

soÌl and 4 x L2 M on the clay loam and cJ.ay soiLs. Triflur-
alin, profJ.ura1in, fluchJ.oralin, and dÌnitramine were applied

to the treaÈment, areas aÈ the rates and dat,es shovm in
Table 2. The r,ates appJ.Ìed were aÈ the recommended rat,e,

and Èwice and four Èimes the recommended rate, with rate ad-

justment,s ma,ile depending on soùL ùype (except,ion on clay

Ioam soÌI, 2, 4, and I ÈÌmes recommended, raÈe). The rates

seLected represent the mÌnimum and maximum amount of chemÌcaL

that would be applied to a given soiL. Recommended rates

vary accordÌng to soiL type. Plot,s rllere sprayed twice at
half strength to ensure even chemical d,istribution, The

herbicÌdes '!ùere appJ.ied in 220 ß,/ha wat,er using a bicycle

sprayer operated at, 4.8 kph and 240 kPa. Immediately fo1low-

Ìng applicatÌonr Èhe chemicals t¡rere incorporated to a l0 cm

depth with a rotovator.

SoùL sampJ.es were collected. from Èhe upper 10 cm

of each treatment, at each site 3, 8, 16, and 50 weeks follow-
ing applÌcation and were placed in plastic bags and frozen

at -20oC untÌI analysÌs. å,11 sites were treated with para-
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Iable 1. Location and physical characÈerist,ics of a
soJ.J_s

I,ocat,ion Texture
B OrganÌc

maÈt,er

InorganÌc separaÈes (8)

Sand silr, Clay cEcb

Carman

Roland

Glenlea

Sandy loam

CÌay loam

Clay

4.3

8.3

6.8

75.2

30. I
4.3

3.9

22.0

20.3

20 .9

47.2

75.4

18. 4

39.6

47.9

aÀnaJ.ysis by Èhe Canada, Manitoba SoÌ1 Survey Laboratory, University of Manitoba.
bc"t,ion exchange capacity in rneq/100g.

ñ
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Table 2. Rates and dates of herbicide applicat,ion at each Location.

Locat,ion
Dat,e of

Applùcation
ÀppJ.icaÈ,ion

RaÈe*

lreaÈment, Rate (kgrlha)

TrifluraLùn ProfLuralin F1uchloraIin Dinitramùne

Carman
(Sandy
f,oam)

RoIand
(ctay
Loam)

GlenLea
(clay¡

,June 21' ]-97 4

June J-7, J,974

,fune 2A , L97 4

Lx
2x
4x

2x
4x
8x

1x
2x
4x

0. 84

1. 68

3. 36

2.24
4.48
8.96

r. L2

2.24
4. 4B

1. 12

2.24
4.48

2.80
5. 60

LI.20

1. ¿0

2.80
5.60

1. 12

2.24
¿.49

2. 80

5. 60

IL.20

I.40
2.80
5. 60

0. 75

1. 50

3. 00

I.68
3. 36

6.72

0. 84

L. 68

3. 36

*I
mended

x represents reconmended ratet 2 x, twÌce recommended rat,e; 4 x, four t,imes recom-
rate; and I x, eight, tÌmes recommended rate.

t\)
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quat, or movred in early August. 1974 to kÌlL any weed, growbh.

ReLatioe pbgtotoæic¿tí.es. To deterrnine the reLat,ive phyÈ,o-

toxicit,Ìes of dinitroanirine herbicides. severar rates of
each herbùcide 'r¡rere appJ.ied to each soiL type and EE5 0 values

ùn sorghum (sorgbum bïeoLor (t. ) Moench x sorghum sudanense

(Piper) sÈapf .) and oaÈs (Auena eat'î:ua (r".) var. Harmon) \dere

determined. under growth chamber conditions. EÐso is È,he

herbÌcide concentrat,ion required to inhibit, plant, growth

by 504 as compared to unÈreated plants.

The respective herbùcides \^rere applùed to 200 g un-

treated, air-dry soÌI in 10 mJ. wat,er \^lith an,:iåto:nizef :_ -

to give concentrat,ions rangùng from 0 Èo 3 ppmw. The soiL

was thoroughly mixed in a plasùic bag Èo ensure adequate

distrÌbuÈ,ion of È,he herbicide. The soil was placed into
I cm, 200 mL plastic cups and. after a 20 hr equilibraÈion
period, sorghum or oat,s r,trere planted. Cups were placed in
Èhe growth chamber at, a consÈ,anÈ, temperature of 22oC and a

24 hr phoùoperiod at 1060 Lux. There \,ìrere 6 replicaÈ,ions per

treaÈment. Every ,2i3 days, each cup \,ùas weighed and brought, up

Uþ field capacity. SeedLings 'hlere thinned È,o 5 pJ.ant,s per

cup after 5 days, and one week aft,er planting, each cup was

fertiJ.ized with I50 ppn of nitrogerrr phosphorus, and poÈass-

ium. Àt, the end of 3 r¿eeks, the aboveground p1ant, part,s \,tere

harvested, oven dried, and weighed. À probit, transformation
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of percent, groÌùth reduct,ion due to herbicide injury was plot-
Èed agaÌnst herbùcÌde concenÈration. The EDs o values obtain-

ed v¡ere expressed in ppmrù. The result,s could not be analyzed

stat,istical.ly as the values l¡¡ere obtained from a series of

independent experiments .

EieLd Studg. ÃpproxJmately one year following herbicide ap-

plicat,ion, four crops, wheat, (rri.ticum a,estíoum (f,.) vâr¡

Selkirk), oats, sorghum, and corn (zea mags (r,.) rlileather

Master CDO I ) were sovùxr across each replicate at, each plot

site with a 3-roÌù planter. PLant,ing daÈes Ì\rere June 24, ilune

25, and July 4, L975 on the sandy J.oam, clay loamn and clay

soil plots, rêspectively. "A,fter 5 weeksr a one meter row

from each crop in each treatmenù was harvested and d.ry weights

'$/ere obÈained and compared to the check. Tukeyrs honestJ.y

sÌgnificant, difference test was used to compare all means in
each table at the 53 leveL of significance. Va1ues followed

by the same letter are noÈ sù$nificant,ly different at, the 5%

leveL of significance.

AnaZgtieaL Determination of Residues. Standard. curves for
each chemical Ìùere obtaÌned, by preparing standard solutions

in n-hexane with concentrations ranging from 0.005 ng/UL to

0.3 ng/p9. Standard curves of peak height (in linear response

regùon) versus herbiside concentrat,ion \üere determined for
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êach chqmÌcar by anaryzÌng 1.5 p.c aliquots of each sÈand.ard

on a gas chromatograph. A Yarùan Aerograph Series 1800

gas chromatograpb. rras us'ed, with- a trÌÈium foil, elecÈron

capture detector. The 1.2 M glass coh:mr¡ had an inside dia-
meter of 4 nun (on column ìnjectÌon) and was packed with 5%

SE-30 on 80-L00 mesh chromosorb Ìì1. Prepurified nitrogen

was used as Èbe carrier gas at, 40 mÎ,r/min. Injection portn

coJ.umn oven, and detector temperatures \ùere 230, 170, and

22OoC, respectively. Retention times for ÈrifluraLinr pro-

f1ura1in, fluchloralin, and dinitramine were 1.57 | 2.551

2.35, and 2.45 minutes| respectùve1y.

Extraction efficiency for each herbicide in each

soil type was determined as follows. To 50 g saraples,,of un-

Èreated, sieved., air-d,ry soÌl in 400 m.Q, scre\ù-capped, glass

bottles \dere added. 5 m.0 of tlre respective herbicide stock

solut,Ìon in hexane to gÌve concenÈrations of 0.5 or 1.0 ppmw.

After mixing to ensure distribut,ion of the chemical, the

soil was placed into plasÈic bags and Left exposed to Èhe air
for 6 hrs to allow the hexane to evaporate from the sample.

The bags Ìrere then sealed and frozen at -20oC. After 7 days,

the herbicide was extract,ed from 2 replicates of each herb-

icÌde concentration in each soil type.

Tbe æ<tract,ion procedure is according to S¡nitlr (16)

with modÌfÌcaÈÌons. Ten grams of the air-dry soil sample
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Ìüas pLaced, into a 100 m&' capactty beaker to which was added

30 mß of 108 aqueous acetonùtrile and o<tracted for 2.5 min

usÌng an Àrtek Sonic Dis¡nembrator at, maxÌmum power. The

sample n¡as transferred to a centrùfuge tube and centrifuged

for 10 mÌn. Ten mùLIÌlùtres of the acetonùtriLe solution

was added to 50 mf, of an aqueous sodium sulfate solution

(2:15 v/v saturaÈ,ed aqueous sodium suLfaÈe solution and dis-

t,ilIed water) Ìn a separatory funne.l and. extracted with 25 m.C

n-hexane. For high- concentrations of herbicide [1 to 5 ppmw) 
'

50-75 m.C hexane \dere used. The aqueous layer was discarded

and the hexane phase dried over anhydrous sodium sulfat,e in

a stoppered, round-bottom f1ask. TtnTo 1.5 p.0 aliquot,s from

each sample lrrere analyzed using the gas chromatograph. An

externaL standard was injected regularly and the concentr-

ation of the herbicide presenÈ in the sample was determined

by comparing Èhe sample peak height with that, of the st,andard.

Recovery dat,a are given in TabJ.e 3.

Soil sampJ.es from the field pJ-ots Ìùere anà}.¡lzed for

herbùcide residue as foLlor¿s. Treatments !ùere bulked and

pained representative samples \ùere analyzed on Èhe gas chrom-

atograph. The resulÈs rarere corrected for extraction effic-
iency accordÌng to the recovery percentages and expressed as

a percentage of the applied herbicide. The results were aLso

expressed in ppmùr. As replÌcates Ìrêre bulked before analysist
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TabLe 3. Recovery of dinitroaniLines from
extraction, 7 days folÌowing

fortifÌed soils using ultrasonic
fortifÌcation.

Mean 3 recovery ù standard deviaÈion

soil type TrifLuralin Profluralin FluchloraLin Dinitramine

Sandy loam

Clay Loam

C3.ay

87.1 ú

94.6 ù

100.8 r

95.8 È

98.9 r

96.2 r

4.2

4.6

2.8

4.1

7.4

3.6

L07 .:l

L03

10Õ.9

r. 6.2

r 4.¿

r 3.L

104.9 È 4.4

L06.5 ù 5.t

L07.2 È 7.6

Ñ)
6



the result,s could not, be analyzed stat,isticalty.

RESUTTS AIÙD DISCUSSION

Relatipe Phgtotoætlcities. The EDs o r¡alues in sorglurm and

oat,s d,etermined for eaclr herbicide in each soil type are

presented Ìn Tabres 4 and 5. oats werè found to be more re-
sisÈant, ùhan sorghum to dihitroaniLines as seen from the

larger EÐso values for oat,s. oÈher researchers have found

sorghum to be more susceptibre than oats to dinitroanirine
injury (8).

Ofi:,the d.initroaniLines stud,ies, dinitramine showed

the greaÈest degree of phytotoxùciùy in sorghum and oat,s on

all soil tlpes wiÈh the except.ion of oats in the sandy loam

soil where fluchloralin appeared. the mosÈ phytoÈoxic. Tri-
f1uralÌn foll-owed. dinùùramine in phytotoxicity, and proflur-
aLùn and fLuchloralin were Èhe least phytotoxic.' The dini-
troanilines were the leasÈ, effective on the clay loam soiJ..

Previous sÈ,udies indicated dinitramine as being Èhe most. phyto-

toxÌc of the four herbùcides to sorghum and oat,s followed by

trÌfLuralin, profluralùn, and fluchloraLin in order of de-

creasing ptrytotoxicity (8) .

Tables 4 and 5 indicate that the p}rytotoxicities of

the dinitroanùLine herbicides 'hlere lower in high organic

maùter soùLs than ùn lor¡ organic natter soils. Clay does not
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Iable 4. ComparaÈ,ive ED5q vâJ.ues of, dinitroaniline herbicides
to sorgtu.:rn in varÌous soùL types.

Herbùcide

Trifluralin
ProfLuraJ.Ìn

FluchLoralin

Dinitramine

Sandy loann

Va1ue unobÈ,ainabJ.e from resu1t,s.

0. ¿9

0.55

0.56

0. 31

EDs o ¡ppmur)

Table 5. Comparative
t,o oat,s

CIay loam

30

Ilerbicide

0.96
*

1. 45

0. 71

TrifluraLin
ProfluralÌn
FluchloraLin

Dinitramine

Clay

EPu o
Ln

values of dinitroaniline herbicides
various soil types.

0.98

0.80

0.71

0. 46

Sandy loam

I.20

r.51

1.00

1.3L

ED s o. (ppmw)

Clay loam

3.38

5. 60

3. 71

1. 74

Clay

1.50

2.10

3.18

l. 42



appêar to be an Ìmportant, factor in decreasing the phytotox-

ÌcÌt,ùes of the d.ÌnitroaniLines. IÈ has been suggested that
organÌc matter and clay may be synergistic in decreasing the

pþ'totoxÌcÌt,ies of Èhese che¡rrùcals (4) . These differentiaL
phytotoxÌcities Ìùèrè considered at, È,ime of fieLd applicaÈion

and the chemicals \tere applied at, raÈes based on equivalent,

phytotoxicÌty wùth aÈljustmenÈs made for soiL type.

Field Bì.oaseays. Tables 6-L7 present the resulÈs for the

shoot, dry weigLrts of wheat. oats, sorghum, and corn grov¡n

in the 3 soil types, one year after herbicide appJ.ication.

AfÈer one year, resùdue from aII rates of all herbi-

cides in alL soils injured wheat,. except, dinitramine at, the

I x rate on the clay soil and at, the 2 x and 4 x raÈes on the

clay loam soil, and trifluralin at, the 2 x rate on the clay

loam soÌI. PLot,s treated wìth the I x rate of chemical show-

ed oat, injury from dinÌtramine and. fluchloraLin on the clay

soÌI and from aLl chemicals at, Èhe 2 x rate, except diniÈra-

mine. on the clay loam soil. However, on the sandy loam

soil, only profluralin and fluchLoraJ.in injured oat,s even

at the 4 x rate. FluchLoralin was the only chemical to injure

sorghum on the sandy Loam soil at, Èhe 1 x rate. The 1,,x rate

of aLl chemicals on the cJ.ay soil did not d.amage sorghum

whiIe injury to sorghun resuLted from the 2 x rate of alL

treatments on the clay loam soÌL. Corn was injured at, the
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TabLe 6. Dry weùght of Ì[heat grow:r ùn
loarn soiL one year foJ.lowìng

Rat,e

0

1x
2x
4x

13. 08a

Dry weÌght, per meÈer row (g)

7.79 bcd

7.54 bcd

7.85 bcd

herbicide ÈreaÈed sandy
applicatÌo¡r.

labLe 7. Dry weight of oaÈs
Loam soil one year

8.7 4

6.79

4.69

Rate

b

d.e

f

32

7.05 cd

6.25 def

5.23 ef

0

Lx
2x
4x

8.43ab

Ðry weùghÈ, per meter row (g)

groü7n in herbicide treated sandy
following application.

8.54 bc

7.64 bcd

8.96 b

8. 09

6 .51

4. e6

ab

abc

bcd

6.29

6 r58

r.29

abc

abc

d

5.58

5.51

3.49

abc

abc

cd

6.49 abc

9.10 a

5.63 abc



TabTe 8. Dry weight of sorghum grown in herbicide treated sandy
Loam soùl one yêar foJ.J.ow.Ìng application.

Rate
Check TrifLuralin Profluralin Fluchloralùn Dinitramine

0

1x
2x
4x

44.76 bc

Dry weÌght per meter row [g)

61.49

17.89

16.8L

a

ô

e

Iahle 9. Dry weight, of corn grov'rn in herbicide t¡reated sandy
loam soiL one year foLlowing appJ.icat,ion.

65.06

29 "66

3.81

Rate

33

a

d

f

Check Trifluralin Profl¡¡rraL'in..*ELuchLoralin Dinitramine

32.93

47. ¿g

12.84

0

Lx
2x
4x

63.93 bcd

d

bc

ef

ãïÞçy.,rweight per meter row (g)

49.39

37.31

70.74

65.9¿

6L. 21

49.24

b

cd

a

bc

bcd

ef

69.L5 b

57.41 cde

21.54 g

53.28

65.85

42.85

def

bc

f

31. 64

43. 0¿

82. 85

I
f

a



TabLe 10. Dry weighÈ of wheat,
loarn soÌI onè }¡êar

Rate

0

2x
4x
8x

7.80 b

Dry weùght per neter row (g)

grown ùn herbicide treated. clay
following appJ.icat,Ìon.

9.36

4.96

0.53

a

d.e

h

IahLe J-J-. Dry weÌghÈ, of oat,s gro\¡fin in herbicide Èreated clay
Loam soùI one year followÌng applicat,ion.

5.84

4. 09

1. 69

Rate

34

cd

ef
gh

5.23

3.29

2.58

0

2x
4x
8x

de

f

fg

5.85 a

Dry weight per meÈer row (g)

7. 04

6.80

3.10

2.34

r.80

0. 0¿

bc

bc

f9

bcd

d

ô

3. 00

2.24

0.l0

b

bcd

e

2.13

1.6¿

0.6 0

cd

d

e

5.09 a

2.85 bc

1.69 d



Tabl,e 12.

Rate

Dry weigtr"È,
Loa¡ soùL

0

2x
4x
8x

of sorghum groÌm in herbicide Èreated clay
onê year following applicaÈion.

32.06 a

Dry weùglrt, per rneter rour (g)

26.32

8.90

L.51

b

be

f

Iable 13. Dry weight of corn grown in herbicide treated clay
loam soùl one year foLlowing appJ.ication.

I0.31

12.9¿

0. 48

RaÈe

35

d

d

f

Check TrifLuralin Profluralùn FLuchloraÌùn Dinitramine

17. 63

I0. 78

5.78

0

2x
4x
8x

51.69 a

c

d

e

Dry weight per meÈer row (g)

26 .68

31. 19

17. 93

49.95 a

28.99 bc

18.76 de

b

a

c

51.62

27.90

18.43

a

bcd

de

19. 74

11. 43

33. 08

cde

e

b

32.53 b

32.31 b

28.25 bcd



rahT'a L4. Dry r,æùght of wheaÈ grov'ftr ùn herbicide treated. claysoil onè yêar folLouing applùcatùon.

Rate

0

1x
2x
4x

8.1"9 a

Ðrl¡, -¡rcåg.hÈ- ,.ptg¡,$ÊÈer ,IS*r lg,}

5.59

6. ¿3

3.68

bc

b

d

labLe 15. Ðry weight, of oaùs groltrn Ìn herbicÌde treated clay
soùL one yêar foLLowÌng appJ.ùcation.

4.70

3. 88

1.49

Rate

36

cd

d

e

Check TrifloraLin ProfluraLin FLuchloralin Dinitramine

5.44

6.9s

J.. g0

0

1x
2x
4x

bc

ab

e

5.90 a

Ðry weighù per meÈer row (g)

8.11 a

4.41 cd

1.3L e

5. 08

2.56

1.26

ab

d

ef

5. 05

2.33

0.85

ab

de

f

4.39

4.21

1.29

bc

bc

ef

3.78 c

2.13 de

0.94 f



Table L6. Dry weùgLrt of sorghrau gro\'\rn in herbicide treated ctay
soùL onê year followÌng applùcat,Ìon.

Rate

0

J.x

2x
4x

6.96 b

Dry weùght per rneter row tg)

5.24

5.49

0. 48

bc

bc

f

Tabl.e L7. Dry weighÈ, of
soil one year

5. 65

1. 59

0.70

37

Rate

bc

ef

f

9.71 a

3.15 d,e

0.40 f

0

J.x

2x
4x

22.00 a

corn grown in herbicide treated clay
follor,uing applicat,ion .

Dry weight, per meter row (g)

5.51 bc

4.04 cd

0.84 f

8.84 def

L3.61 bcd

5. J.0 f9

12.38

6.49

3.29

cd

èfg

I

17. 05

18. 60

2.68

abc

ab

g

L3.50 bcd

L0.48 de

3.29 g



2 x rat,e of dÌnùtranùne on the sandy loam soil and by f1u-

chJ.oralùn and diniÈ,ranine on the clay Loarrn soil at the 2 x

rate. All treatrnent,s, e:<cepÈ f,luchloraLùn at Èhe L x and

2 x rates, ùnjured corn on the cJ.ay soÌL.

The fÌel"d studies Ìndùcated Èhat dinÌtramùne ex-

hibÌÈ.ed the least, persistence of the four herbicides. IIow-

ever, cJ.ay soiL tended Èo Ìncrease dùnùtramine persùstence

re1at,Ìve to ùhe rest, of the chemicals. ProfluraLùn and flu-
chloralin expressed si:nùJ.ar persÌsÈence in all soils. how-

ever, profluraLin \das more persÌstenù than fLuchloralin

in heavier soÌls. FluchLoralin appeared, to have lower per-

sistence than did the rest of the chemicals ùn the cJ.ay

soÌL after one year. TrÌfluralin showed J.ess persistence

than profluraLùn and fJ.uchJ-oraJ.in on alL soiLs. The per:

sistence of trifLuraLùn \,,¡as greater than dinitramine in the

clay loam and sandy loam soÌls but, Ìess than dinitramine in
the clay soil.

The f ield s,LudÌes, shoived *Ehab;dùniÈroaniLine.:,he¡ib=., -

icides applied aù the reconmended rates can ùnjure suscept-

ùbLe crops planted one year following applÌcat,ion of these

chemicals. I{heat, may be ùnjured if planÈed on sandy loam

'EoÌJ. one year follouing applicat,ion of any of these chem-

icaLs at the L x rate. lüheat, pLanted on clay soiL one year

âfter applicat,ion of I x rates of trifLuraLin and profJ.ur-
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alin may be injured. InJury to oat,s þy fLuchloralin and

dinÌtrarnÌne, and to corn by trifluralùn, profluralin, and

dÌnùtranine may occur if t,hese crops are planted þn a clay
soÌI one year foLlowùng appficat,Ìon of tbese chemÌcaLs at
È,Ïre recommended rate.

AnaT,gtiaal Determïnat¿ons. The anaLyt,ical determinations

of resÌd.ue LeveLs of the herbùcides, expressed as a percenÈ

of applÌed herbÌcide remaÌning in the sandy loam, clay loam,

and cJ.ay soÌls, are presented Ìn Tables 18, 19 and 20, res-
pect,iveJ.y. The same results expressed in ppmhr remaining are

gÌven in the Àppendix.

The percenÈ of applied herbicide remaùnùng in the

three soils, Èhree weeks after applicat,ion indicat,e that,

ìnitÌal degradatÌon of these chemùca1s ùs rapid and is in-
fluenced by soil t1æe. The resÌdues of aII chemicals show-

ed an average of 371ø of the total appJ.ied chemical re¡nained

in the sandy Loam soil three weeks aft,er applicat,ion anil

approxì:nat,e1y 508 of the total appJ.ied chemicaL remained

in the cJ.ay loam and cJ.ay soÌLs three weeks after applic-

ation.

Results indicate dinÌùramine as the Ieast, persist,ent,

of Èhe four chemÌcals except in the clay soil where residue

levels of dinitramùne wèrè second only to profluralin in
pèrcentage of appJ.ied chemÌcaI remaining after 50 weeks
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Iab,Le ]-8. PercenÈ
sanpJ.eil

ÌIerbLcide
application
rate (kglha)

TrifLuraLin
0. 84

I. 68

3.36

Àverage

ProfLuralin
L. J-2

2.24
4.48

Àverage

F1uchJ.oraIin
L.12
2.24
4.48

Average

DÌnitramine
0.75
L. 50

3. 00

Average

herbùcùde rernaining in
perÌodùcally following

3 weeks

Herbùcide rernaining (*)

I weeks

¿T

57

¿0

46

sandy Loam soil
applicatÌon.

16 weeks

24

3¿

23

27

40

28

41

39

36

50 weeks

19

27

L5

20

32

3L

43

35

35

36

4r.

37

17

18

L7

17

33

26

23

27

26

26

34

29

*
Not includ.ed in average.

33

26

24

28

22

19

27

23

14

18

16

16

L9

L7

¿0

L9

*
72

13

20

T7

18

13

11

L4

6

I
10

I



Iable 19. Percent
sampled

HerbÌcùde
applÌcatùon
rate (kglha)

Trifluralin
2.24
4¡48
8.96

Àverage

ProfLuralin
2.90
5. 60

LI.20

Average

F1uchJ.oralÌn
2.80
5. 60

Ll.20

Àverage

Dinitramine
1. 68

3.36
6.72

Average

herbùcùde rernaùnùng in
perùodica I Iy f o I J.or,r"Ìng

3 ureeks I weeks 16 r¿eeks

Herbùcùde rernaÌnùng (g )

52

49

51

5T

clay Loa¡n soùL
appJ.ùcat,ion.

3¿

51

47

44

4T

53

¿8

42

48

50 weeks

35

27

34

32

50

4s

39

45

43

49

47

46

27

25

27

26

48

40

33

40

40

3¿

22

32

51

46

69

55

32

20

23

25

30

3L

¿0

34

39

29

¿r.

36

19

24

16

20

22

2T

40

28

17

16

17

17



TabTa 20. Percent herbùcùde remaÌning in clay soiL sarupled
perùod,ÌcalIy folLowùng applÌcat,lon.

Eerbicide
appJ.ication
rate gçg¿na-)

TrÌfLuralin
1. L2

2.24
¿.48

.Average

ProfluraLÍn
1. 40

2.80
5. 60

.Average

FluchloraLin
L.40
2. 80

5.60

Àverage

DÌnitramùne
0.84
L. 68

3.36

Average

3 weeks

Herbicùde reruai.ning tg)

I weeks

27

25

¿0

3l

L6 weeks

22

20

29

24

42

47

78

56

60

50 wee.ks

L9

L6

22

19

48

48

44

47

36

48

51

45

17

L6

27

20

40

40

43

4L

41

41

47

43

51

67

73

37

28

26

30

31

20

28

26

64

49

43

43

18

13

J.L

l-4

45

24

26

37

29

25

24

29

26



ProfluraLin was the most persisÈent of, these chernical"s when

all soiL tlpes Ìùèrê consùdered. Trùfluralin persisted J.ong-

er in the clay 1oam soÌl than ùn the other soÌI t¡pes and

Ìras sècond, onJ.y to profJ.uralÌn in arnount of residue after
50 weeks when aLL soÌL Èlpes \,ùere consùdered. FluchloraLin

was the leasÈ persistent, chqmical on Èhe clay soÌl and less

persistent Èhan ùrifluralÌn and profluralùn on the sandy

Loam and clay loam soils. Profluralin and, d,inùtramine per-

sÌst,ence appeared to increase wÌÈh increasÍng cJ.ay content

and trifluraLin anil fluchloralin persÌstence appeared to

increase wiÈh ùncreasing organùc matter.

In general, the rate of applicat,ion had no affect'

on Èhe rat,e of disappearance of Èhe chemicals but dinitra-
mÌne tended Èo shor,v a reduced rate of degradat,ion at the

hÌghest, raÈe applied. Degradation over the winter period

(october to June) for all chemicals in all soil t'ypes ac-

counÈed for only 78 average J.oss Ìn herbicide act,ivity.

.A comparison of ttre fieldr.rgsulÈ,s:ând tTié;*änal1zt,: :

icaL determinat,Ìons suggests differences in persist,ence of

ilinùtroaniline herbicides and an influence of soil type on

persistence. TrifLuraLin and profluralin appeared to be

the most, persistent chemùca1s on the sandy Loam and clay

Loam soits. Profluralin shot¡ed greater persistence on the

sandy loam and clay soils than trifluralin while trifluralÌn
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appèared more persistent, than profLuralin on the lrigh organ-

ic, clay loarn soÌI. ft has been found that, ùncreasing or-
ganùc matt,er ùncreases trifLuralùn persistence while the

cJ.ay content of soiL has no affect on persistence of this
chemÌcal (1S¡ . Fluchloralin was less persÌstent, È,han trÌ-
fLuraLin and profLuralin on the sandy loam and clay loam

soÌls and the least, persistent, of aIJ. chemicals on the clay

soÌI. DÌnùtramine was the Least, persistent of the chemicaLs

on the sandy Loam and clay loam soils but was second only

to profJ.uralin in persistence on the clay soil.
The reduced percentage d.egradation of dìnÍ.Ë¡ram.tne,

when applied aÈ high appJ.icaÈion rat,es may be atÈributed,

to a limited number of microorganisms which can metabolize

dinitramine. Dinitramine Ìs degraded primarily by the micro-

bùal popuLaÈion wÌthin ùhe soil (17). Therefore, microorgan-

isms which can use dÌnÌtramine as an energy source may not,

be present, ùn soil in large enough quantities to degrade

Iarge annount,s of herbicide.

ït, should be noted that, the resùdue LeveJ.s obtained

from tlrese experiment,s should represent the maxjmum amount

of herbicÌde persÌstence that wouLèl occur under normal crop-

pÌng practices. Rainfall d,uring ùhe summer foLLowÌng appli-

cation of the chemùcaJ.s Ìras below normal and persistence of

these herbicides has been f,ound to be ùncreased by reduced
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ämounts of moÌsture [3). The length of the winter period

durÌng which the soiL Ìs frozen ìs Ìruportant when evalu-

at,ùng persistence of soil-applùed herbùcides under ÎIanÌÈoba

condùùùons. $everaf researchers (1, 5, L2) have found tri-
fluraLùn breakdown to decrease ÌÌiÈh decreasing têrtpêratures.
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LÐVü TEI\æERATURE EFT'ECTS ON PTilTTOTOXTCTTY

OE DTNITROAITTTTSTES

Abst:,iact. The phytotoxùcùt,Ìes of trif,luraLLn (g, g r o¿-trÌ-

fluro*2, 6dÌnitro-N, N-dìpropyl-p*¿o1uùd,Ìne), profJ.uralin
(N- lcyc].opropylmethyL]-o. où, q- trÌfh¡ro-2, 6-dìnitro-N-
propyJ.-p-toluidine) , fluchloralÌn (N- (2-chloroethyt) -Z , 6*

dinitro*N-propyJ.*4- [trit].uromethyl) aniline), and dinitra-
mìne (Narl Nq-dÌethyJ. -o, o¡ cl-trÌf1uro-3, S-dinùtrotoLuene

-2, 4-dianine) t,o wìJ.d oat,s (Aoena fatua t. ) were compared.

at soùL Èemperatures of 4-8oC. TrifLuraLin showed the

greaÈest, inhibition to wùLd oat, root growÈh aÈ, the lor¡¡er

temperaÈ,ures while dÌnùtramine and fluchloralin exhùbited

the great,esÈ, toxicÌties to wÌId oat root,s at the higher

temperaÈures. Trifluralin ¡,rras the mosÈ, phyÈotoxÌc chemical

to shoot, gro\dth. Root length r¡ras the best criterion for d,e-

È,ection of dinitroaniline herbicide act,ivity while shoot dry

weight,s \ùere a poor indication of injury.

INTRODUCTION

fhe act,ivity of soil-applied herbicides is influenc-
ed by the edaphic factors of soÌI ùype. organic matÈ,er¡ pll

and soÌl moisture and by soil temperature.

Decreasùng temperature has been shotrn to decrease

the volatÌJ.ùty of trifLuralÌn (5, 6). The phytotoxiciùy
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of trìfluralin can be attrùbuted pri-rnarily ùo the vapor

phase [4, 7). Harvey (2) founil Èhese herbicùdes to be re-
Iatively voJ.atÌle.

r¡r I¡lest,ern canada, wiLd oats harre escaped Èhe phyto-

t'oxùc effect, of trÌfh¡raLùn urhen Èhis chemùcal has been ap-

plÌed Ìn the falL or earJ.y spring. The purpose of this
study was Èo determine if the phytotoxicity of trifLural.in.
profluralin, fluchLoralùn, and dÌnitramÍne was adequate to
ÌnhibÌù growth of wùLd oat,s at, the Lowest, temperature at,

whùch wild oat growth can occur.

I4ÀTERT.ATS .A\TD METTIODS

The soil used in these experi-rnents was an AJ.masippi

very fùne sandy loa¡n conÈaÌning 79? sand, 72 siltr l4B c1ay,

and. 3.63 organic matter.

UsÌng an,ì'àtömízet,, ]0 m.Q, of,..ån .,heubicidê - selu-, ..""." -

t,Ìon, prepared in dist,ilLed water, of commercial grade tri-
fLuralin, profluralin, fluchloraLùnr oÍ dinitramùne,,!ùas

appJ.ied Èo 225 g aÌr-dry, sieved soil. Final concenùrations

for a}J. chemicaLs \das I pprnw. üTater was added to bring the

soil moÌsture up to 689 field capacity. The soùL was mjxed.

ùn a plastic bag to ensure adequate d,istribut,ion of the chem-

ùca1 and wäter, then placed ùn L6 cilr 450 mß glass jars.
lüùld oat seeds Ìrere ìmbùbèd by placÌng seeds on
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filÈ,er paper ùn petrÌ d.ishes contaùning 3 rnl water. Ðùshes

Ìtere covqredf \ôrrapped to e>rcrude Iìght, and placed in a

grolnbh cabÌnet at, 22oc for 48 hours. Geruùnation of most,

seeds'had begun at, thìs tl¡ne. Ten seeds wêre praced into
each jar aÈ a depth of 2 cm and the soÌr w"as covered wiÈh

1.5 qn of vermùcuIÌte to act as a ther¡rral Ìnsulator. The

jars \¡üere placed Ìnto a wat,er-g1yco1 bath at 4, S. 6, 7t or
8oc ùn a compJ.etery randomÌzed, design with 5 repJ.ications
per treaùmenÈ. Ehe bath t,emperaÈure l^ras maintained by a
cooling coil and a the¡mosÈaticarry conÈroLred circurating
pump. The experiments were conduct,ed. under raboratory cond-
itions of air temperature and 1ighÈ.

ÀfÈer 2J. days, 5 prant,s from each jar were harvest,-

ed and root, lengths, root, dry weight,s., and shoot dry weight,s

determùned. The resurts were graphed and treaùment,s compared

to the controL prants. Tukeyrs honest,J.y sùgnificant differ-
ence ùest, was used to compare treatment,s at each temperaÈure

at, the 5B Level of sÌgnùficance. curvÌrinear regression
anarysis was performed on each treaLment, response curve at
the 5% LeveL of signùfÌcance.

RESULTS,A}TD DISCUSSTON

Tbe effecù of dùnitroanÌrùne phvùot,oxùciÈy on root,
length, root, dry weÌglrt, and shoot dry weÌght, of wiLd oat,s
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ät several ùenperatures ùs presented ùn Fùgures I, Zt and

3 respect,ùveÌy.

Root lengths shotred a sLgnùfùcant dùfference beùween

the check and aIJ. treatraenùs oyer the tefrrlperaùure range tesÈ,-

ed wùÈh no sùgnifùcant dìfferences bet¡¡een treatments (rÌg-
ure L). Of the four herbicides. È,rifLuraJ.in appeared to
shor¡ the greaÈest root, lengÈLr inhibìt,ion at, the rower temper-

atures whùLe profluralìn seemed the reast phytotoxic to wird
oat, rooÈ,s at, all Èemperatures. À,t, the Lrighest, temperature,

8oc, dÌnitramine exhibited more phytotoxicity than the oÈher

chemùcaLs. rn arr cases, except, for triflurarin, root, lengths

of wÌId oat,s brere greater at, 4oc Èhan at, Soc, sugigest,ing an

ÌnÈeraction beÈr¿een temperature and herbùcÌdar activity.
Àbove SoC, rooÈ length increased, ùn all treaÈ,ments, ¡¿iÈ,h

increasing temperaÈure.

Measurements of root d,ry weÌght, (Figure 2) yielded

trends sj-¡nilar È,o Èhose of Íoot length. Dry weÌghts were

sùgnùfùcantry rower Èhan the contror for aLl treatments at,

aJ.J. temperatures, excepù at 4oC where onJ.y Èrifluralin prod-

uced a marked reduction from the conÈroI. .A,s with rooÈ,

lengths. there appeared to be a temperature-herbicide inter-
act,ùon at 4oC as det,ermÌned from the slope at the Lower end

of Èhe treatment, response cut\res. Root, dry weight increased

wiÈh temperature Ìn all treatments e>rcepÈ dinitramine where
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a decrease ùn dry weight ¡ras noted at 8oc. At the highest

temperature, BoC, dinùÈranùne and fLuchloralùn caused. the
greatest, dry weùght reduct,Lons.

ShooÈ dry weì.ght f,or all treat¡uents ùncreased with
Ìncreasing temperaÈure (Fùgrure 3) and the treatrnent curyes

paral.J.eJ.ed the control curve more cJ-osely Èhan did the root
length and root dry weìght, measurements. Àù all t,emperaÈures,

except 4oC, there were sùgnificant, differences betrnreen the

cont¡¡d. anil Èreatments. frifluralùn showed. the greatest shoot

weight, reducÈion of Èhe four herbicùdes with the other three
\

chemicals very similar to each other in response. However,

at, 8oC, shoot dry weÌghÈ, for diniÈramine. was not significant-
Iy different, from that, of trÍfLuralin.

Comparison of the data from the three measurements

of wild oat, growth indicates differential phytot,oxicity be-

Èween chemÌcaJ.s which is influenced by soiL temperature.

.4,t, Èhe highesÈ tenperaÈ,ure tested., diniÈramine and fluchlor-
alin exhibited the greatest, phyÈotoxicity to wild oat root,s

when compared to the oÈher chemicals. In vitro stud.ies on

ÈreaÈed agar at 30oC, ha.ve shor¡rn that. d.inÌtramine and, f1u-

chLoraLÌn reduce root J.ength of soybeans (GLycíne mas (L,)

Merr. var Corsoy) and, velvet,leaf l,AbuttLon tbeopbrasú?: Medic)

to a great,er extent, than trùf1uralin and profluralin [f ).
ÀÈ the Lourer Èernperaturès¡, root length of wiLd oats was in-
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hibùted more by trùf,J.urarùn ùhan by Èhe other Lrerbùcides.

Of the chemùcaLs tesbed ¡ Èrùf lura1tn was th.e most phyto*
toxùc to shoot, growbÏ' of wùLd oaÈs. At 2sgcn dùnitrarulne

has been found to be the most phl.totoxic chernlcal to ,.ç

fresh" shoot, weìght of sorghum (sorghum bùeoTos [t.) Moench

var. OK6L2) and oat,s (Aoena sativa [Ii,..) var. Cimarron) on

a sand,y Loam soiJ., foJ.lowed by trÌftrura1in, profluralin,
and fLuchJ.orarin in order of decreasing phytotoxicity (3).

The preeenÈ observations of the effect,s of d.initro-
anÌrines on wiLd oat, roots Èend to ind.icate reduced herbi-
cidaL activity of alL chemical.s, except trifrurarin, aÈ

4oc. The slopes of the curves of profÌurarin, fluchrorarin,
and dÌnitramùne betr¿een 4 and soc suggesÈ increasing phyto-

Èoxicùty with increased temperaÈure. proLonged periods of
coo] temperatures rorrowing earry spring applicationsi.of
these herbicid,es courd resurt in reduced weed contror if
soÌr temperaÈures are lor¡ enough to red.uce the herbicidal
acÈ,ÌvÌty of these chemicals. TrÌfrurarin appeared to ex-
press act,ivÌty at, lower soÌI È,emperaÈures than Èhe other

compounds.

The- guadratùc nature of, the shooÈ dry weight, rooÈ

dry weùght, and rooÈ lengÈ,h curr¡ês for triflurarin indÌcate
ÈhaÈ trùfruralìn may have a È¡uo part effect on development,

of wÌId oat,s aù low soùl t,ernperatures. rn all threê ilêêsurê-
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ments taken of wiLd oat growttr at, row soir temperatures, the
response curves for trÌfruraLin are dist,inct,J.y different,
from the other three herbicides in both shape and position.

The large differences in root 1ength between Èhe

treated and untreated plants indicate root, J.ength as being a

. better biorogical Ìndicator of the concentration of dinitro-
aniLines on wild oats at reduced soir temperaÈures than root,

or shoot d,ry weighÈ. Thorough washing of soir from rootsl
necessary when measuring root dry weight,s, can cause error
in root, dry weiglrt, measurements d,ue to breakage and loss of
roots. Adherence of cray particres to roots of prant,s grown

in soil having a high cJ.ay content, makes Èhorough washing

difficulÈ. shoot dry weighÈ, Èhough Èhe easiest, to usef is
ùhe least, useful as an indùcaÈ,or of diniÈroanirine activity
at low soil temperatures because of the proximity of the

curves of the control and treated prants to each other.
After the 3 week bioassay period, topgrowth of the wiLd oats

was not extensive, even in the check plants, suggest,ing that,

food reserves in the seed could be accounting for most, of
the shoot growth in both treated and untreated plant,s. IÈ

appears that trifluralin may have an effect on the mobiliz-
aÈion of seed reserves as indicated by the quadratic nature

of the shoot dry weight cu¡ive.
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BIOASSAT ÐETEBO.'¡TNATT:oN OF DTT{ITROANITINE

PERSISTENCE TN IUA\TITOBA SOILS

I\TTRODUCTTON

As an aIÈernate method to analytlcal determinatÌons,

bìoassays have been used for the quant,itaùion of dinitro=
anÌllne herbùcid,es in soÌI. ComparÌson of the bioassay and

anaJ.ytÌca1 determinat,ùons has indicaÈ,ed both good. and poor

correlations between the two methods depending on soÌI Èype

and the indÌcaÈ,or plant used (1, 2t 3, 4, 5, 7).

Bioassays for trifluralin soil residues, using fox-
taùI mÌI1et, (Setaría itaLíca (t.) Beauv.), showed a good

correlation wÌth analytical determinations for soil Low in
organic maÈt,er but tbe bi.oJ.ogica1 deÈectabÌliÈy of triflur-
alÌn was signÌficant,J.y reduced in soil high in organic mat,-

ter (7). The sensit,iviÈy of corn (Zea mags L., var. II¿97

ms x N6) Èo ùrifLuralin has been found Èo vary depending on

soil type (f, 3). Under greenhouse condiÈions, a good cor-

relatÌon was achieved between bioassays, using sorghum

(SorgLrum bùeoLov L., var. Dekalb 578) shoot length, and an-

alyt,Ìca1 determinat,Ìons [¿]. Oats Ur¿ena eatt]va !,. , var.

Itulga) gro\m Ìn very lot¡ concentratùons of seyeral herbici-
des, includLng trùfluralLn [q, er q-trùfluro=2, 6-d.ùnÌÈro-

Nr N-dlpropyL*pstolutdÌne) n in the greenftouse, were frequent-
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ly taJ.ler and had a greaùer fresb, tte.ùght than the control
plant,s (21. Bùoassays of stored [frozqn] and of, freshly
prepared standard serùes of strrfle chsruùcals ha¡¡e b.een found

to dlffer sùgnùfùcant,Iy ùn topgro¡rbh ùn tbè inilicator pIant,

[6].
The purpose of these experlments was to d.eter¡r¡ine

trÌfluralÌn, profluralÌn [¡i*[cyclopropylmethyl)-ç¿, or cl-

trÍf J.uro-2, 6-ilinùÈr6*]if-propyÌ-p-toluidÌne), f luchloralin

fN- (2 -chloroeth¡rI ) -2, 6 -dinÌtro*N-ProPyl-4 - Ltrif luromethyl )

anÌline), and dinÌtramine (Na, N+-diethyl-o, cr, ct-trifluro
-3 r 5-dinitroùoJ.uene-2, 4-dÌamine) residue.s in field soiL

by growth cabinet bioassays.

I¿ATERIÃ].S ATID METTTOÐS

ExperÌmenÈ,al sÌtes \ôtere select,ed at 3 locat,ions;

Carman (Alnasippi very fine sandy loam) , RoJ.and (Myrt,le

heavy fÌne clay loam) , and G1enl"ea (Red River clay) . The

plqtsÌca1 charact,erist,ics of Èhese soiLs are given in Tab1e

1.

Prior to herbicide applicationn the sites were cult*
ivat,ed or rotovated to a d.epth of LS cn. A randomized block

experÌment,a1 design r[as: used. Tbêre \rere four replùcaÈes

per treatment, wÌth a plot size of 2 x 6 M on the sandy loam

soil- anit 4 x 12 M on the clay loam and clay soÌls. Triflur-
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aLÌnn prof,J.uralùnr fluchloralùnn and dùnitraruùne were ap-

plùed to tbe treat¡nent areas at tAè rates and dates showr¡

Ln TahJ.e 2. The raÈes applùed \retre at the recornlended raten

and twùce and four t¡Ìnes the recen¡nendèd raùe, wiith- rate ado

jusÈments made dependlng on soiL type (o<ceptlon on clay

loam soìI, 2, 4t and I tÌmes recomnended rate). The rates

selected represent the mÌnùmum and maxirmum amount of chemÌcal

that, urould be applÌed to a given soil. Recommended rates

vary accordÌng Èo soil type. PloÈs were sprayed twice at
half strengÈ,h- to ensure even chemical distribution. The

herbicides rntere ,applied Ìn 22 0 9,/ha water using a bicycle

sprayer operated at, 4.8 kph and 240 kPa. ïmmediately follow-
ing appJ.ÌcaÈ,ion, Èhe chemicals r^tere incorporaÈed to a 10 cm

depÈ,h wiÈh a rotovaùor.

SoiL samples \¡rere colLecÈed from the upper L0 cm of

each treatment, aÈ each siÈe 3, I, f6, and 50 weeks following

applùcation and lì/ere placed ùn plast,ic bags and frozen at,

-2OoC unt,iL analysùs. ÀLI sùtes srere treated with paraquat,

or mowed Ìn early August | J-97 4 to kùLl any weed growth.

St,andard curves for sorghum $efnþfoiar.e þùco|.ob (I..)

Moqnclr x Songltum sudanense (piper) St.ap.f| ) aand,:;oaË.s',. (Aoeaa

satîoa I'., var. lfarmon) were prepared for each herbicide Ìn

each soùL Èype to be used for the dete,rminatÌon of dÍnitro-
anilùne resùdues Ìn the fùeld sarrples. Several rates of the
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respectùve herbicùdes weüe applùed to 200 g untreated siev-
êd, air=dry soùI in L0 nl&.t¡ater wàth-a tûindex sprayer to
glve concentrations rangù¡rgr frcm 0 to 3.0 ppmtr. TIae soLl

was Èhoroughly mÌxed in a plasÈùc bag to ensutè adequate

dÌstrLbutLon of tñe bêrbùclde, The soùI uras placed Ìnto
plast,Ìc cups and after a 20 hr equilÌbrat,Ìon period¡ sorg-

hum or oats ìrere planted. Cups ùrere watered to fÌe1d cap-

acìty and placed in a growttr chamber, in a completely ran*

domùzed. design, ât a constanÈ temperature of 22oC and a

24 hr photoperiod at 1060 J.ux. There tùere 6 replicat,ions
per treatment. Every 2-3 d.ays, each cup ì¿as weighed and,

brought up to fieLd capacity. SeedLings uTere thinned to
5 plant,s per cup aft,er 5 days, and one week after planting,

each cup \¡tas fert,ilized r,uith 150 ppm of nitrogênr phosphorus,

and potassÌum. At the end of 3 weeks, the aboveground plant

parts r,rrere harvesÈed,, oven-drÌed, and weighed. A probit
È,ransformation of percenÈ growth red.uction due to herbicide

injury was plotted againsÈ herbÌcÍde concentration to give

standards curves for sorghum and. oats for each herbicide in
each soiJ. type.

Before analysùsr fieLd soil samples were air-dried
and passed tbrough a 2 nun sùeye. Frofil each sanrple, four

subsampLes of 200 g each were placed into I cm, 200 m.e,; plas*

tic cups. geeds of sorghum or oat,s wêrè planted into each
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cup. Sorghum was used asì an ùndùcator plant for herbicide
concentratùons up to appro:<f¡Uate1y 1 pp¡nrr¡ while oats r¿{qre

used as an ùndùcator for the hìgher rates. Cups t[ère plac-
ed ùn the growth- charnËer under- the cond.ùtlons descrùbed for
t'he standard curT¡es. .A,fter 3 weeks, plants ì¡ère harvested,

dried, and weighed. A probit transformat,i.on of percent

growÈh reducÈÌon due ts herbùcÌde injury \¡as compared to
the approprùaÈe standard curve and the herbÌcid.e concentr-

at,ion in ppmw was obtained. StaÈistics urere not used to
compare values.

RESUTTS ÀIüD DTSCUSSION

The bioassay determinations of herbicide resùdues

are presented in the "Appendix. Altbough cerÈain trends

\^rere noted in the result,s, Ètte bioassays lacked. consistency.

OnJ.y at the high chemical concentrations did either sorghum

or oats exhibùÈ significant, growth reduct,ions when compared

to untreated. pJ.ants. This is indicated by tñe response of
oaÈs 3 weeks aft,er herbÌcùd,e applicaÈion. The cohcentr-

ations of alL chemicals even at the lowest rates should have

been large enough to prevent oat, growblr but the. results in-
dLcaùe several of the treatrnents havùng no herbicide pre-

sent. Previous research (¿) has indÌcated thaÈ when oats

(Aoena satttsa 1,., var. MuJ-ga) wêre groÌxn in soil containing
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lour concentraÈùons of a berhictde, the plants ofÈÐ had a
greater freEh rrreùghÈ than the contror prants. otbers (6)

have found thãt bloassay resuLts froru stored (.f,roeen) and

from fresLly prepared standard serùes of lùnuron and nùÈra=

Iùn dùffesed, sÌ.gnùfùcanÈly lr¡ topgrowüh of the Lndìcator
plant, ÌndÌcat,Ìng thaÈ freezüng of the samples has some effect,
on avaÌLabÌIÌÈy of the herbÌcÌde or on the generar charact,-
erÌsÈÌ.cs of the soil. The dÌfferences beÈween frozen and

freshly prepared sampres were most pronounced in the controls
and Ìn samples Èreated with Lou¡ rates of Èhe chemicars.

Th'e l"ùnùted. sensit,Ìvùty of the shooÈ dry weights of
t'he ùndÌcator plant,s to the herbicùde in È,he soil may be aÈ-

t'rÌbuted to the opt,Ìmum growÌng conditions of light,n humid-

ity, and soÌI moisÈure Ìn tl¡e growblr chamber rather Èhan Èo

a Lack of herbicùdaL act,ivÌty. Root observaÈ,ions indicated
signùficant, growth reducÈ,ions in most, È,reatments but, com-

paraÈive reductions ùn shoot, growÈh \¡rere not, evident. Às

det,ermùned from Èhe sÈudy on the effect, of r.ow soir Èemper-

atures on phytotoxicitÌes of Èhese chemicars reporÈ,ed pre-
viously in this work, root length is a more defùniÈive in-
dicator of Èhe herbicÌdaL act,ÌvÌty of diniÈroanÌrÌnes than

is shoot dry weighÈ, under laboratory condÌtions. LÌghù,

moùsture¡ ot nuÈrùent, stress rnay be necessary if shoot grorù-

th Ìs to be used as a bloassay Ìndicator for ùhese berbi-
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cides.

The data, howevern dùd ùndicate certaùn dùfferences

Ìn ph¡'totoxùcùtùes and parsùstènce of the dinitroanùLùnes

and. also the role soùL ù]r"pe. has ùn e:(pression of these dùf-
ferences" DÌnùtranùne was the most phytotoxìc chemÌca1 to
oat, growL,L 3 weeks after appJ.ication, on all soil types.

ProfLuralÌn was Èhe least, pÏ¡rtotoxic of all chemicaLs on the

sandy loam and clay Loanr soils 3 weeks following herbicide

applÌcat,ion.

Fifty weeks after applÌcat,ion of the chemùcals,

dinÌtramine was Èhe least persistent chemical on sandy loau.r

soiL and appeared to be Èhe most persistenÈ chemical in the

clay soil. Profluralin and fLuchloralin were the least per-

sistent, chemÌcaLs in Èhe clay loam soiL. TrifJ.uralinr pro-

f1uralin, and fluchloraLùn appeared. equally persisÈent, in
the sandy loam and clay soils. Trifluralin and dinitramine

Ìteïe the most persùstent, chemicals on the clay loam soiL.

Shoot, dry weights of sorghum on Èhe sandy Loam soil
\dere not reduced by the 2 x rates of any of the chemicals,

50 weeks aft,er applicatÌon. The L x rate of all chemicals

on tbe cLay soil and the 2 x rate of aLl chemicals on the

clay loarn soiL ùnjured sorglrr:m, f,ùfty nreeks after applic-
atLon.

Therefore, d.ùnùtrælùne appeared to be th.é most, pby-
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totoxùc clre¡uùcal Èo oats 3 weeks folLowùng applùcaÈion but

was the least persùstent af,ter 50 weeks except, on clay soiL

where persùstencè \¡as grêate'r tban f,or thê other chesuùcals.

The resuLÈs obtaùred f,rcnn Èhese e><perùnents that
are ùn agreerûenÈ with resuLt,s fro¡u the fÌe1d. bioassays and

analyt,ùcaL determinatÌons presented prevlously irr thÌs re-
port ares

1. dìnitramùne was the least, phytotoxic chemical

on the sandy Loam soiL 50 weeks after applicat,ion of the

herbÌcides.

2. dinitramine persist,ence increased with increas-

ed clay cont,ent,.

3. trifluralin and f luchloralùn ¡¡tere si¡nilar in
persÌstence o$r the sandy Loam soil 50 weeks after herbicide

applicatÌon.

4. the 2 x rat,e of aLJ. chemicals on the cJ.ay Loam

soiL injured sorghum 50 weeks aft,er appJ.ication.

Growùh chamber bioassays as described. for these

experÌments do not appear t,o be a good Índicator of dinituo-
anÌIÌne residues in soùI. Measure¡nents of roots, or the

introduct,ùon of a sùressf sucb- as lùghtf moisÈuref or nutri-
enÈs, Èo pLant,s grown ùn the growth cha¡uberr rnây provÌde a

better determinatÌon of dùnitroanùLÌne act,ÌvÌÈy.
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GENERAT-, DTSCUSSION

Results from these experÌments indùcate that the

effùcacy of dùnÌtroanl.Lùne herbùcùdes ùn weed control und.er

normaL croppùng practices depends on soil ty'¡per chemicaL

naÈure of the trerbùcùde, susceptùbility of the target, plantst

and climate. IncreasÌng organìc maÈter was found to decrease

the phyÈotoxicity of trifluraLin. profJ.uralinr fluchJ.oralint

and dinitramÌne to sorgþum and oats. Rahman (1973) and Weber

et aL. (f974b) observed ÈhaÈ organic mat't'er reduced È.he phy-

totoxicity of trifLuralùn. Adsorption of the herbicides

to organic matter in the soil is instrumental in reducing

tÏ¡e amount of chemical thaÈ Ìs biologically avaùIabler there-

by decreasing the herbicùdes effectiveness.

Sorghum and oat,s \,tere found t'o dÌffer in suscept-

ibility to the dÌnitroanùlÌne herbicidesr oats being more

resùsÈant Èhan sorghum Èo injury by these chemicals. These

result,s agreed \,rtith Murray aú aL. [f973). The phytotoxicit-

Ìes of these herbùcides to susceptible plants is dependent

on the physiological and morphologÌcaL characteristics of

Èhe plant,s, whiclr, together with soil ùype, determine the

amount of chemical requùred for adequate Weed conÈrol.

Lo¡¡ soÌt temperaùure ¡aoC) decreased the herbicidal

actìvÌty of profluralùn, fluchloralinr ând dÌnitrænine. Re-
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duced plrytotoxiciÈùes of dùnùtroærùIùne herbicÍ.des result,-

ing frorn Lorrr soùI terrtperature$ e.arly ùn the gronring season

followùng applùcat,ùon of tbé herbìcìdes xûay allow weeds to

"escapêrt the herhåcldesr effects an¿l Tesrrlt ùn poor weed

control ùn Èhe current cropplng year. ResulÈs frora the grow-

tlr charuber bioassays ùndl.cated that an qnvironmentaL stress,

such as IÌght, moùsturen or nutrients¡ rlay be necessary be-

fore dinÌtroaniLùne phytoto:<Ìcity is expressed in the form

of reduced shoot, growth.

The fÌeLd bioassaysr using wheat,, oaÈs, sorghum, and

corn as indicaÈor p1ant,s, showed ÈhaÈ residues of dinitro-
anùLÌne herbùcidgs may persist, in soiL in large enough quant-

ùt,ùes to injure suscept,íbLe crops gro\¡,rn the year following

a normaL application of Èhese herbÌcides.

Persistence of dinÌtroanilines was shown to be in-
fluenced by soil Èype, soil temperaturef and possibly soil
moisture. ProfLuraLÌn and dÌnitramÌne persistence increased

wÌth ìncreasùng clay contenÈ r¿hiLe organic matter \,üas respon-

sible for Ìncreasing the persistence of trifluraLin and flu-
chloralÌn. Adsorption of the chemicals by the organic and/or

inorganùc consti.tuents of soùL decreases the rat,e of dùsap-

pearance of the chemlcals by rnakùng thertt Less avaùlable for
biologùcal and non-bùologùcal degradaÈ,ion and by reducing

Losses due to voLaÈiLLzation. Several researchers have shor¿n
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that trifluralùn degradatÌ.on ùs reduced by lor¿ soùI teruper-

atures (l{oro¡¡ùÈz et eL., l-974¡ Hærlùlton and Arle, 1972¡

Probst, et a7,., 1967):. Arralybùcal deter:¡uùnatùons of dùnùtro*

anÌIùne resùdues ùn all soiLs *u¿lLeil ùndùcated an a¡rerage

of only 7* J.oss of chemÌcaI or¡er a sê\¡ên month period f,rom

October t,o ,June. ThÌs liml"ted a$ount of degrad.ation uras at,-

trlbuÈed not only to the reduced rate of degradation general-

Iy observed when appro<Ìmately 208 of the applied herbicid,e

remaÌns, but, aLso Èo the Lo¡¿ soÌI temperatures occuring

throughout, this period. Reduced soÌL temperatures retard

the chemical anil mÌcrobùa1 degradat,ion of these chemicals

which becomes a verfimportant consùderation when evaluaùùng

dÌnùtroanùline persÌstence in regl.ons experùencing 1ong,

cool wint,er periods. Low amount,s of raÌnfaL1 following ap-

pIÌcat,ion of the chemicals may account, for sone of the in-
jury observed ùn the ùndicaÈor crops used for È,he detecÈ,ion

of dinìtroaniline residues Ìn the field. bioassays. Harvey

(1973a) ùndùcated È,hat reduced soùl moùsture reduced the

rate of disappearance of dùniÈroanÌIÌne herbicides. Low

soÌL moisture ùndråces an aerobÌc soùI environmenù which im*

pedes the d.egradation of dùnÌÈroanilÌne herbicides. Probst

et aL, (1967) noùed less trùflural.in degradat,ion under aerob-

ùc soùL conditùons tban under anaerobic soÌl conditions.

Smith ¿ú aL. [973) observed that degradat,ion of d,initramine
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is also less under aerobùc seùL condùt,ùons than under an-
aerobùc soÌI condùtùons.

Itrjury to crops plante¿ the year folJ.onning applic-
ation of dùnùtroanùlùne herbÌctdes d,epends on the qnount of
cheruÌcaL persl.stÌng ùn the soùL r the sensit,ivity of the crop
to the che¡nùcal, and the growing condüt,ùons encountered..
The fÌeLd bioassay resulÈs shon¡ed Èhat, although dinitro_
anÌlj-ne resùdues l'rère present ùn soiL [according Èo the
anarytÌcar determinatÌons) , detecÈabJ.e injury to susceptibJ.e
crops occurred onry if the residues Ì¡ere present in amount,s

greaÈer than a certain crÌÈicar concentration. -As noted
from the growùh chamber bÌoassays, sÈress condit,ions of
light,, moÌsture, or nutrients may influer¡ce the degree to
whÌch the herbicùde injury is expressed.
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SUGGESTTONS T'OR, FUR,TTTER ![ORK

TÏ¡e roLe of organùc ¡natter and soLl type Ìn dinitro-
anùllne persùsterice should be further consùdered as indùc*
atùons fro¡u thÌs study suggèst, proflurarin and. dLnltranùne
persÌstence ùs affected by cray content, whÌIe trùfLuralin
and fLuchloralÌn p"""i**rrce Ls affect,ed by organÌc matter.
Previous research (lûeber ¿ú a,L., J.974a; savage, rg73) has

discussed the rore of soùJ. t]æe in triflurarin persistence

but information is racking on the rore of soir type in the
persistence of profrurarin, fluchlorarùn, and dinitramine.

Further investÌgatÌon into the effects of low soil
temperaÈure on Èhe phytotoxiciùy of dinitroanÌIine herbicid.es

is necessary in order ùo exprain ùhe apparent reduced herbi-
cÌdar acùivities of profrurarin, fLuchLoraLin, and dinitra-
mine aÈ low Èemperatures (¿oC) r âs found in tlrese experÌ-
ment,s. The growùh response curves of shoot dry weight, and

root, length for trifrurarin at low soiL temperatures suggest

that trifruralin may have a two-part effect on wird oat, de-

velopment. Perhaps trÌfluraLin Ìs affecÈing two or more

pþtsiological processes ùn the young seed.lings rather than
jusÈ, inhièitÌon of root developrnent.
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APPENDLX TabLe f..
pLants

Ccrnunon xraroè

Carrot

Corn

,, :. ¡tvr

CoÈton

Crabgrass

FoxtaÌl. gÌant

FoxtaÌL, Green

GarIic

,Junglerice

ï.ettuce

MilleÈ

Conroon and,generic names of bioassay
cited ùn lùterature revie¡r

Genegùc na¡fle

Daueut carota l'., Var.
sattua

Zea mags I'., Var. II49T
xNc

Go ssypium b.irsutum 1,.

Digitaríd sp. L.

Setaria fabari Herrm.

Setarí.a ùir¿dis (L.)
Beauv.

ALLium sat'Luum I'.

EahínocLtT,oa coLonum
(L. ) Link

Lactuca satiua L., var.
capitata cv. Valverde

Panicum miLiaceum l'.,
var. Panhandle

Panieum niT,i.aceum \. ,var. Ìühite

Setarta ttaLtca Ct.)
Beauv.
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APPENDIX labLe 1. Contlnued,

Co¡¡unon name

MùIlet, ,Tapanese

Oat,s

E okino eb-|, o a' c rus:g aLLt
E.l Bêauy. var.
frumentanea (Roxb. l ur.F.
!v:Ìght

Aoena sat,îÐa L^

Aþena sati,ùa L, ¡ var.
Cimarron

AUena satàÐa L. t Var.
ùocl,r

Auena satiÞa \. t Var.
'!{uJ.ga

Azlena sAti.Ða I'. t Var.
Neal

AT,Lium cepa I'.

AmarantLtus ne tno f, L eæus
L.

Sorghun bícolov (L.)

Ganertc rrðrle

Onion

Pigweed,
redrooÈ

Sorghum

79

Reference

MìLler et aL.
(197s)

Savage and
BarrentÌne (f969)

Murray et aL.
(1973)

Harvey (1973a)

Horowitz et a,L.(]e6e)

Burnside (1974)

Probst, ¿¿ aL.
(l_e67 )

Menges and Tamez
(le7¿ )

Menges and Tamez
(I974), Miller
et 4L, (1975)

Savage (1973)Sorgb.um bi.color (L. )
Moenclr yar. DekaLb 578

Sorgh.un bàao\or (¡.)
Moench var, OK 6i.2

Songb.um Ðulgane L. ¡ var.
Amak R*12

Murray ¿¿
(Ie7 5 )

Arrderson ¿¿ eL,
[r968 )

q,7,



APPENDLX TahLe l. Cont,ùnued

Co¡¡unon namê

Soybean

Sugar beet

Velvetleaf

Ì{heat,

liliLd oaÈs

Generùc namè

Songbun vuLgane !r., \¡ar.
Iliaaera 6078

Glycàne ma,r'.,.î¿.

GLgctne max (L.) Merr.
var. Corsoy

Beta zsuLgaris L.

Abutì.Lon tbe opLt r as ti
Medùc.

Trití.cum aeetiuum L. ,var. ManÌtou

Auena fatua L.

80

Reference

HorowÌ.tz et aL.
(le74l

Probst et aL.
tf e67)

Harvey O973a)

Ilamilton and
ArLe (1972)

Harvey [1973a)

Rahman (1973)

Friesen and,
Shebeski (1961),
Ï.eggett and
Banting (1959)



Appendùæ TabLe 2. AnalyÈùca1 deÈer¡r¡ÌnaÈùon of herbicide ss-nainþg ùr sandy Ioæu Soù1 Sarupled perùodically foIlow-
ùng appJ.Ìcatlon.

uerbùcùde
àpplùcatÌon
rate (ppnru)

TrÌfLuraLin
0.75
1.5
3.0

Profluralin
L.0
2.0
4.0

FLuchloraLin
1.0
2.A
4.0

Dinitramine
a.67
1.33
2.67

3 weeks

.- I[erbùcùde concê¡rtratÌon þpmrr)

I wee.ks

0.31
0.86
L. 21

16 weeiks

0.18
0.51
0. 69

8J.

0.28
0. 82

L. 57

50 ¡reeks

0.L4
0.41
0.46

0.32
0.6r
I.72

0.3s
0.76
I.62

0.13
0.27
0.52

0.33
0.5L
0.90

0.26
0.51
1.35

0.22
0.34
0. 6s

0 ^22
0. 38

1, 06

0.14
0. 35

0.63

0.13
4.22
0.53

0.72
0.26
0. 81

0.12
0. L7

0.30

0. 04

0. LL

0.26



Appendix TakLe 3. Analytùca1 detêrrnùratùon of herbùcùde re-
TaùnÈng_ lo .lay Lequ soùI emnpled perùodicalty foIlor¡-lng applùcatùon.

Herbùcùde
appll.cat,ion
rat,e (ppnrwl

TrifluralÌn
2.4
4.0
8.0

ProfluraLin
2.5
5.0

r0.0

Fluchloralin
2.5
5.0

10. 0

DÌnitramine
L.5
3.0
6.0

3 weeks I wee.ks

1. 03

L. 97

¿.09

L6 wee^ks

0. 68

2.03
3.78

82

1.33
2.40
¿.18

5û wee.ks

0.70
r.07
2 .69

I.26
2.24
3.94

1. 07

2.44
4. 71

0.54
0.98
2 .13

1.20
r.. 98

3.2 6

1. 00

J.. 69

2.16

0.76
1. 37

¿.15

0.79
1. 02

2.32

0.74
1. 55

3.97

0.58
0. 87

2.46

4.47
1.2 0

L. 6L

0.33
0. 64

2 .38

0.25
0.47
L.01



Appøndûæ Tahl"e 4. ånaryÈùcar deter¡rùnaÈùon of herbÌ.cùde
reuraùnlng ùn-cJ.ay soùI eaqpled Beriodl.cal]y folLow-
ùng applùcatl.on.

IlerbLcùde
appllcatùon
rate [ppnlu)

TrÌfluralÌn
1.0
2.0
4.0

ProfluralÌn
L. 25

2.5
5.0

FluchloraLin
1.25
2.5
5.0

DinùÈramine
0.75
1.5
3.0

Eerbùcùdg concentratùon lpp¡nw)

o.27
0.49
1.58

0.22
0.39
1.15

83

0.59
1. 94

2.8L

50 weeks

0.19
0.32
0. 89

CI. 60

L.20
2.21

0.45
1.20
2.57

0. L7

0 .32
L¡09

0.50
L. 0l
2.16

0.51
1. 02

2.34

0.38
1. 00

2.18

0.46
0.70
r. 31

0.39
0.50
1.40

0.37
0.65
L. 28

0.22
0.33
0.57

0.18
0.39
L. L2

0. rg
0.36
0. 8B



Appandis TabLa 5. grioassaY deter¡nilratùon of hqrbùcùde re-
maintng Ìn sand,y loam soùl sarqPLed perùodùcaIIy follou¡.¡
ùng applùcatton,

Herhùcùde
appli.catìon
rate lpp¡nur]

TrifLuralin
0.75
1.5
3.0

ProfLuraLin
1.0
2.0
4.0

FLuchloralin
1.0
2.0
4.0

DÌnitramùne
0. 67

1. 33

2.67

3 ureeks

Eerhìcùdq cgnçantraÈion [pp¡Bw]

I ¡reeRs

0.34
0. 87

1. 6¿

L6 weekS

0. 06

0. 09

0.51

84

0. 40

0. 51

1. 93

50 Ì{êèks

0.21
0.49
0.72

0.24
0.0
0.79

0.28
0. 43

2. 63

0.0
0. 06

0.58

0.28
0.19
0. 97

0.18
0.0
J.. 02

0.60
0. 95

2.15

0.0
0.0
0.85

0.0
0.32
r. 06

0. 08

0. L3

L. 0L

0. L5

0.15
0.55

0.16
0.28
0.56

0.0
0.0
0. 11



Appøndi* IabLø 6. Bioassay determinatton,of hqrbùcide re-
rnaÌnìng Ìn clay Loaru soùL EarrpLed Periodically foLlow-
Ìng applùcatùonl

IlerbÌcid.e
applLcatlon
rate [pp¡mr]

TrùfluraLin
2.0
¿.0
8.0

ProfluraLin
2.5
5.0

10. 0

FLuchloralùn
2.5
5.0

10. 0

DÌniÈ,ramine
1.5
3.0
6.0

3 weeks

Hesbùcùde. recriainlng þpnunl

I nreeks L6 weeks

l.4g
6.70

L5. 07

0 .81
¿.3L

10.50

85

1. 65

4. 06

L7.66

5ü weeks

1.15
2.8L
6 .58

2.15
9.96

20.32

5.06
14.4

0.24
1.77

¿9. 06

*-'VaLues 
mùssing because of ùnadequate standard curve.

4.66
3.55

1I. 86

1.28
2.78
7 .58

;:;;

11. 08

3. 0l
8. Lû

L.14
s.45
6.72

0. 08

3.28
12.17

0. 60

2.16
2.89

0.09
1. 4g

6 .55



Appendta Tahl.a 7. Bioasgay.dete¡:nùnatìon of herbicide re.*
maùnf¡S in clay soù1 saropled' perùodùcal.ly following
appLicatlon.

Herbùcùde
applùcatùon
ratè lppmrrl

TrÍfluraLÌn
1.0
2.0
¿.0

ProfluraLin
1. 25

2.5
5.0

FLuchloralin
1.25
2.5
5.0

Dinitramine
0.7s
1.5
3.0

3 weeks

Herbi.cùde rema^ùnlng [¡rpnrc]

I treeks

0.0
0.54
2.03

16 weeks

0.0
0.45
L.39

86

0.0
J."25

2. 85

50 weeks

0.99
L. 60

L.51

0.40
0.23
2.49

0.0
r. 01

8.93

0.71
1. 0g

3.35

0. 63

1.2s
4.10

0.31
0.32
3.93

0.66
1. 47

2.52

o.42
0.71
1. L0

0.58
0.68
4.92

0.28
1. 66

4.04

0.5L
1.28

12.31

0.58
0.5'1
r.41

0.31
0.76
4.28



APPENÐI]T IABT.E 8. Chemical structures of dinitroaniLines.

TR,IFtUR,A tIN

PR,OFtUR,At I N

c H;c Hr- C Hz- 
T-c 

H¡. c H2- c H3

"'"qNo2

87

FtUCHIOR,AtIN

cFg

DI N ITR,A'NI NE

Noz

cFg

cHõ-c

ozN
-cH2-cH3

NHz


