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 ABSTRACT
The effects of trifluralin (a,a,a-triflucro-2,6- -
.dinitro;ﬁjg—diprépyl—B—toluidine)faldne and in combinatioh
with phorate (0,0-diethyl E-[(ethylthio)—méthyl]—phOSphoroz‘j
dithioate), 15 organophosphorus QompOundS'(O,'P{ C.)éflAA

(indoleacetic acid)'andbkinetih<(6~furfurylaminopurine)'oh-

éotton (Gossypium hirsﬁfﬁm L., culfivar Deltapine S@éofht* Lr;"
Léaf)iroot »development'were'étudiedrin_soil and,cﬁlturé :
solutions in 1968 and 1969.. | |

| | Trifluralin and-phérate wére‘incorporafed to'ar
depth of %4 cm.in the séii*at 5-rates; alone and in éombiﬂér-A
tions, and cotton seédling$ w§re‘gréwnAfor>21“day§,‘ :In{_gl -
culture SOlutioﬂs; cotfon seédlingé Were éermihated-férifr
3‘déys and transferred and grown f6r 4’déys iﬁ theisamQ 6r';
different solﬁtions of‘trifluralin,iﬁhoréfe, aﬁa theirfif‘
.combinétionse CdtﬁonAseedlihgs wérélgroﬁh for‘7Adayéfihl
0. P. C; aloné~and‘iﬁ comﬁinatién with“tﬁo~ra£és éfitri;?
fluralin. Cotton. growth was studied in solutiohs'éf'iAAa:-'

at 0 to 40 ppmw, kinetin at o‘tof2ﬁppmw,ftrif1ura1in“at;o_;-,f

- to lSlppmw,féhd their combinaﬁiOnsf':The~éffectsfof,tri-f ;fiQAﬁ

»fluralinland/dr‘phorate»soiufionsgén“cdttonAroot.aﬁatbmyti

uzduring-development'wer¢~invésfigafédn
' Soil applicatibhs79f trifiuralin,!phorétegyandgf;“;
“trifluralin-phorate combinations did not affect cotton -

oxddi



xiv
- germination.. Trifluralin—treatedIplants were shortér-than
phorate-treated plants. Increased phorate levels reduced
shoot dry weights, whereas triflufalin.treatmentS'did not
,greatiyireduce shoot weights. Root weights of phorate-

- treated plants were highef»than those of trifluralin-
treated p;ants but lower than those of controls? quber of
lateral roots at O to 4 cm region of plants grown in
trifluralin—treated so0il was significantly less fhan those
of other treatments. There were linear dinteractions between
trifluralin and phorate treatments; phérate—trifluralin
combinations increased number of lateral roo£s at 0 to 4 cm
region compared to trifluralin—tfeated plants. Trifluralin-
treated plants produced more lateral roots below fhe treated
zone than untreated, phorate-treated or phbrate—trifluralin—
treated plants. The total number of lateral roots was
reduced by trifluralin tréatments.

In culture solutioné9 trifluralin, phorate, and'
trifluralin—phorate combinations did not affect germination
andvhypocbtyl and radicle lengths 3 days after seeding.
Radicle and hypocdtyl lengths and nﬁmber of léterél“roéts
7»days after seeding were reduced ih trifluralin'aﬁd |
 7trif1uralin—phbraté combinations except where the high rate

_of;ph§raté was ﬁombined with the low fate of?trifluralin,
 Treatment duriﬁg the first 3 days of germiﬁafion did not 
' détermine the subsequenf responée of seedlings to the

chemicals during the growth period. Treétment during the



XV

4 days of growth determined the fesponse of plants to
trifluralin, phorate, and trifluralin—phoréte cbmbinations;

Most of the 0. P. C. studied ‘alone and in combina-
tion with trifluralin réduced cotton growth.. When used in -
combinatién with trifluralin, 0. P. C. did not encourage.
1atefal root development, except O. P. C. 4 and 12 which
slightly stimulated lateral root growth. |

High rates of iAA'or kinetin reduced cotton growth
-and number of lateral—roots, buf”did not affect germina-
tidngvrIn Combinétion with»trifluralin, TAA or kinetin had
" no marked effect on lateral root growth. However, when TAA
and kinetin were added together to 5 ppmw trifluralin
treatments, lateral roots ﬁére produced.

The mitotic pfocess of the pericyclic cells was
disturbed by.triflﬁralin-and_trifluralin—phorate treat;
ments. In SOmé cells, divisions were observed but.differ—

entiation failed to occur.



~ INTRODUCTION -

‘Trifluralin (a,a,a ~trifluoro-2,6=dinitro-N,N,-
dipropylfg—toluidjne)'is”extensiveiyVaoplied'preplantingfifsv

~ for weed,control.in cotton (GosSypium,hirsutum’L,),Aand25'"

other crops. fIt,iS,a}soil—actiVe herhicide;andibest
resqlts arerobtaihedoWheretitris inoorooratedhihtoithe
“soil. ;However,etrifiuralih-hasrinhibitedtlateral.rootffrﬁ'
.detelopment'in cottoh;'hIn_trifiuralihetreated'soii, a:loﬁ_f”:
temperature.ean slowfgerﬁihation of_eotton‘seedsbahdyﬂhrf:
restrlct seedilng dovelopment° ; e
Phorate (o, O»—dlethyl S [(ethylthlo)-methylj—oA:L»
jphosphorodlthloate) is an organophosphorus compoundo:A
It is a- systemlc 1nsect101de used preplantlng An cotton;iﬁ
.:Over:the yearsg many factors have contrlbuted toAfi‘
reduced.stands of'ootton.. In addltlon to the effects of;‘w'
env1ronmental condltlons.and farmlng practlces on cottonif
-growth the mgltlple_use-offchemlcalsvhaskcontrlbuted tos
‘..the problemu_ Use'offherhioides%and inseotioidesffhdi;f
v1dually or 1h combfnatfon, may affect the growth of cotton.;
‘ Although mahy agrlcultural chemlcals, sqch:as
a‘trlfluralln and phorate5fmay perform the-functioh'foroﬁhiohl:f
they were. applled w1thout affectlng the act1v1ty of other
chemlcals, no . thorough stady has been made of interactions
.ﬁh%oh:may,result:fromlohemiealggombfnatfons 1n”ootton,f,”-'



Preliminary studies at a University of Arizona
greenhouse in Tucson showed that phorate in combination
with trifluralin allowed lateral root formation to occur on
cotton roots in that soil regibn whére the two chemicals
were placed. Recently, it was found that soil-incorporated
combinations of phorate or disulfoton (0,0,~diethyl S-[2-
(ethylthio)—ethyl]—phosphorodithioate) with trifluralin
increased secondary root development in cotton.

Roots of cotton treated with trifluralin deviafe,
from_the normalipattern-of_develbpment.',Howeveri,the
nature of the laferal root ‘inhibition by trifluralin in
cotton plants as well as the effect of phorate—trifluralin
combinations on cotton are not known.

'_‘In ééedlings of many dicotyledonous plants, the
root system develops by the progressive initiation of néw B
root meriétem ﬁhich develop into root branches. Lateral
roots are typically initiated by cell divisions in the
pericycle of thé»primarylroot. Dérivativés of these cells
ASubseqﬁently'elongate and differentiate to form lateral
roofs,‘ Physiological studies with higher plant tissue
.indicate.that the grthh regulatofs_such ;s iﬁdoléacétic
acid (IAA).and 6—furfurylamindpurine (kinetin) -affect
cellﬁlar procesées; There has'beeﬁ no bublished“research'
onvcotfon root growth activity of trifluralin in relatioh

to auxins and/or dytokinins,



?_3vf;i;
To .eiucidate tﬁe fna.tu.'re,,_'df‘r t.he"ié*_c_jefal"rffbdt" inhibie
v.tlon by trlfluralln in cottoﬁ seedllngs, greenhouse“and‘
3 1aboratory experiments-Wefe.designed to'study£
1. ' The effectsléf soil4applied:frifiuraiin, phdréfe;
- and triflufalin—phbrate_combiﬁéﬁiéné_on cotfoni
seedlingéw | | |
2, iDevelopment.of thé'fbot of'éoftoniséedlings;gro%n'
in trlfluralln and/of phoraté“solutlons as_ {
1nf1uenced by rate, duratlon, and type of treat— 
: ment.
3; ”The effects of 15 0. P, C; $i6néiéna iﬁ}ééﬁbiﬁa;ii'u-
tion w1th trlfluralln on-the“réof growtﬁ of‘cotton:  
' seédl1ngs. | A
Jén'bThe-éfféét$ ofTIAA;’kinetin;,frifluralih;‘and théi?
combinafions‘én'cotfon‘rogt gr§ﬁth.'.
5.A}The.effecﬁs'intriflﬁralinuéﬁd/éf phéfafe éﬁ.cotfdﬁt

root anatohy during developmenﬁ.;i




LITERATURE REVIEW

This review COnsiders: (a) trifluralin and its
effects on growth of cotton and other plants; (b) phorate,-
the organoéhosphorus ihsecticide; (c) response of crop
plants to combinations of agricultural chemicals; and (d)
auxin and~cytokiniﬁ growth regulators and root g’i‘owth°

Trifluralin and Its Effects on Growth of
. Cotton and Other Plants

_Triflufalin[is anfofganic herbicide belonging to
the'sugstituted dinitro anilines. It is a soiifactive
herbicide and for optimum results should be incorporated‘to
control germinating weed seed (6). Trifluralin has been
usedgextensively,in cqtton and other field crops ‘and its
‘effects on plant growth have been reported (1, 8, 32, 46,
50, 56, 66) ..

>One'ofithe previous investigations (66) of the
éffects of trifluralin on cotfon seedlings showed that when
trifluralin was mixed into thé surface 1, 2, 3, or 4 iﬁches
of the. soil at the rate of 1 1b/A it affected the numbgr
- and ‘distribution of secondary roots oﬁ cotton if incor-~
iporéféd_bélow the cotton seed. The primary- root pénetrated

trifluralin-treated soil but produced‘few or no seCondary



Aroots'unfil herbicide free soil was reached. Trifluralin
also'decreased the weight'of cotton seedlings. |

Standifer and Thomas (56)'invéstigated the response
of cotton to trifluralin. Trifluralin was incorppréted 1,
2, 3, 4, or 5 inches deep and cotton seed were planted 1
inch deep. In the greenhouse, trifluralin was incorpo?ated
to a depth of ‘2 to 3 inches. Three weeks after planting, a
" few lateral roots were found at the transition zone of
.cotton plants, but nO‘laﬁerals were found.whefe the primary
root was in contact with treafed soil. 'Hisfological
.studies indicated that this was due to disruption of cell
division in the pericycle.

Anderson, Richards, and Whitworth (1) studied the
.effect of trifluralin on the growth of cotton seedlings.
- Trifluralin caused stunting oflcotton seedlings and pre-
vention of latéral root growth in the treated soil region.
.The doéage of the chemical influenced stunting more than
depth’of'incorporation; |

The effects of rates of trifluralin and depths of

incorpdration on'lateral root development of cotton and

soybe;ﬁv(ﬁlypine max_[L;] Merrill)_were stﬁdied by Oliver

and Frans (46). Triflﬁralin iﬁhibited cotton and SOybean"
alaﬁerél roots. Inhibition of 1atérals‘was directiy reiatéd
- to depth and method of incorporation. Root SWeliing was |

noticed at ‘approximately 2 inches below the soil surface



in 5-week-old soybean planté treated with 2 1b/A tri-
fluralin.

Ketchersid, Boswell, and Merkle (32) studied the
uptake and movement: of trlfluralln, benefln (N ~-butyl-N-
ethyl a a,g—trlfluoro -2, 6 dinitro-p- toluldlne) and nitralin
(4—[methylsulfonylj—2,6—dinitrofﬁ,E—dipropylaniline) in

peanut (Arachis hypogaea L.) seedlings. Acropetal and

basipetal movement of trifluralin was observed:in.peanut
seedlings. -Absorption of trifluralin was greater,when-
seedlings were germinaﬁed in untrea£ed soil and trans-
plahted_inté treated soil than when germinated in treated
soil for the same périod° Translocétion decreased as the
age of the seedling incréased. Basipétal movement of tri-
fluféliﬁ was gréater than movemenf of benéfin or nitraliﬁ°
In general,_thére were two areas of high concentrations of -
'trifluralin,‘the.treated area and the cotyledons of
seedlings germinatedbin.treated soil.

‘AThe‘distribution'of residual radiocactivity in
cotton ' and sdybeans grown in soil containing qu;triflufalin
labeled>in the n-propyl or the trifluorohethyl grouplwaé
studied by Probst et 21;-(50).; The radicactivity from both
tybés of labeledrtrifluralin was distributed in lipids,
‘glyCOSidesg hydrolysis products; protein, and cellular
. fractions. . With propyl-labeled material; approximafely 25
'to‘BO% of the'driginal-radioactivity was in the cellular

fraction. Residue analyses indicated also that trifluralin‘



was not readily absorbed from soil.. The major portion of
incorporated lLlC—-labele’d trifluralin was identified as
unchanged trifluralin. The main metabolite found was a'

dealkylated product.

Metabolism of trifluralin in peanuts and sweet

potatoes (Ipomoea batatas L.) was studied by Biswas .and
Hamilton (8)., Trifluralin was degraded by both intact and
crude extracts of peanuté and sweet potato planté° In
»cruAe extracts of peanuts, the initial degradation product.
was an incompieterdealkylated derivative of the parent
compound. The initiél dégradation product formed in sweet
potato crude extracts was a derivative of trifluralin. All
isolated degradation intermediates were used in bioassay

studies. These intermediates demonstrated root elongation

inhibition in cucumber (Cucumis sativus L.) at many of.the
concentration levelsvutilized (OFOl_lQ ppm) .

| Microanatomical effects ofrtrifluralin on -root
development wefe studied (6, 26). Stained séctiohs of
réots treated with trifluralin at rates substanfially above
those recommended for weed éontfolrin Cofton, éhowed no
normal sequeﬁce of mitosis in the cells while all staées
af mitosis were seen in the untreafed roots (26). Tri-
fluralin épplication sufficient to,inhitit lateral root
emergence without interfering'wifh development'of the
primary root -of cotton, affeétéd the pericycie andvportions

of the endodermis (6).



The effects of trifluralin on mitochondrial
édtivities and protein synthesis were studied (38, 45, 53).
Negi et al. (45) studied the effects of trifluralin and
nitralin on oxygen uptake and oxidative phosphprylation of

‘isolated mitochondria of corn (Zea mays L.), sorghum

(Sorghum,vulgare L.), and soybean. They found that oxygen
uptéke and oxidative phosphorylation were inhibited by

i

10" M of trifluralin. Little‘or_no inhibition was

5

detectable at»lO— ~and 10—6 M in corn and sorghum.
Nitfalin'gave more variable, but similar, results. The
effects on oxygen uptake and oxidative phbsphorylation were
knot related to fhe selectivity of trifluralin since it
caused a greater redﬁctibn~in oxygen and phosphate uptake
~in the resistant Specieé (soybean) thén in the susceptible
Species,(sorghum); |

Morelahd et al. (385 investigated the effects of
trifluralin on the synthesis of ribose nucleic acid (RNA),
.and protein in excised’tissueS‘of cormn, soybean, and barléy

(Hordeum vulgare L.). Trifluralin reduced leucine incor-

poration into protein over 20% and lowered fhe,inductioﬁ
of.alpha—amylaég more than_BO% as compared to the QOntrola
Trifluralin could be‘classified as inhibitory to proteiﬁ
synthesis. Schultz, Funderburk, and Negi (53) studied the
effécts of*frifluraiin.Onbproteinwsynthesis using?excised
tiSsue-of corn germinated in trifluralin at 5.mg/1 for

~ about 3 days. Synthesis of deoxyribose nucleic acid (DNA),
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RNA, and protein was suppressed in the root tips, while no
significant reduction in the nucleic acids and protein

- syntheses was noticeable in the'sho’lots° A_32P time~course

32

4-

study showed suppression of P incorporation in the 7. -

trifluralin-treated roots-

Phorate

"Phorate, an organophosphorus - compound, is a
systemic insecticide uéed in cotton. Phorate—treafed
:cotton plants are darker green than untreated planté (2).
'Slight chlprosis and marginal spotting have been reported
on;seedling,plants under some conditions. Accordiﬁg to
Spencer and O'Brien (55), phoréte is one of the most active
'dithiophOSphate compounds , and thaf in addifion to having
systémic activity, it is aléo a-contact‘illlsect'icide°

When cotth1seed Was treated Qith O.5At0'laO'1b
.phorate:per 25'1b of sééd,fcthlédons shgwed'burning on the
‘oﬁter margin (52)°.<The$é.symptoms were more‘pronounced at
higher»concentrafiéns?'

Bowman and Casida (12) and‘Metéaif, Fukuto, and.
March (37) studied phorate metabolism by cotton. <Foiléﬁihé‘
uptake of phbrate by Qotfons fouf metabolites were formed.
- These metabolites were poteht anticholinesterase agents
(12). The predominént ﬁropeés éf plant méfabolism'for
bhorate was primarily_oxidative-(B?); The»fouf metabolites.

gradually undergo chemicalrbreakdowh by’hydrolysié,to form
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various phosphoric and thiophosphoric acids and esteré

. which have ho appreciable toxicity (2). According to
Bowman and Casida (12), however, cotton seed treated with
phorate on charcoal ét concentrations as high as 32 1b of
~ phorate per 100 1b of seed showed less than 0.03 ppm of
phorate as metabolites in the seeds matufing‘from the
treated plants.

‘Response of Plants to Combinations of
: “Agricultural Chemicals

Herbicides and other pesticides are being used in
single and multiple treatments to combat agricultural pests.
However, the effects of combinations of pesticides may be
deleterious or benefici;l. Deleterious effects may resqlt
- from incréaééd ﬁhytqtoxicity toward desirable piant
species, increased residual life in soils, or pesticide
inactivation;- Beneficial éffects may reéult from decreased
phytotoxicity to%ard desirable species, increased o} pro-
longed phytotoxicityAtpward Undesirabie_plant species, or
enhénced‘degradation of the pesticide residué (42).

Motéinger‘(&l) reporfed that workers ih Arkahsas,
Georgia,‘and,MisSissippi observed<sévere cotton: stand
losses wheﬁ combinétiQns of'chemicals were éppliedn In
Arkénsas, cotton étand losses were obsérved wheré chloroneb
(1,Q—didhloro—Z,5—diﬁethoxybenzene) plus phprate-were used
in ¢ombination with diuronl(3—[3,4—dichloropheny1]—1,l;v

'dimethqurea), However, a synergistic effect was noted
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. where PCNB (pentachloronitrobenzene) was used with
disulfoton. | |

. Hacskaylo, Walkér, and Pires (27) studied the
effect of monuron (3-[p-chlorophenyl]}-l,l-dimethylurea) and
diuron on growth of‘seedling cqtton and théir,effect when
appliéd with bhorate and.disu];foton° Each insecticide was
applied to cotton seed at rate of O or 1.33 1lb per lOOllbl
of.seed° In other fests, disulfofon granules were appliedr
as a fufrow treatment before planting at a rate of l lb/A,
Herbicidés were applied after plaﬁting on the soil surface.
. Phytotoxicity was increased when either of these herbicides
waé applied with phorate or disulfoton.

Nash (%2, 43) studied the combination effects of

many pesticides on some plants. Oats (Aveha sativa La)_
"were planted in sdil'Which Was:treAted with three rates of
‘two or thrée péstiéides. Cohbinafibns:of.dalapon (2,2~
diéhloropropionic,acid) wifh'disulfthn, phoréte, or-
carbaryl (1-naphthyl N-methylcarbamate) in soil.fésulted'
in additive ﬁhytotoxicity. Diuron combined with disglfoton,
phorateg.or cérbaryl prodﬁced éynergestic effectsa. The
fungicidé,'captanj(N—ﬁrichloromgthylmercapto—quychlqhexene—
l,2-dicarbdximide); when combiﬁea with dalapon gave‘én
"ihdependent’effecf? while.thevfuhgicide;ohloranilff
(Tetrachlorofgébenioquinones was antagonistic toWardkthe
he;bicide activity of diuron,,FCombinations of more than

 two pesticides in soil did not result in third order
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interactions. Soil persistence of synergistic phyto-
thicities bf'diqrdn—disulfotqn or diuron-phorate combina—'
tions to oats,ﬁcorn; ahd coﬁton seedlings was studied in
other“experiﬁents (43). These synergistic phytotoxicifies
persisted 21 to 27 weeks in alternately fallowQCropped
soils treated with O to 12 ppm disulfoton or phorate and
O to 1.0 ppm diuron’where oats were the bioassay plants.
However, where corn was the.bioassay plant, -these
synergistic phytotoxicities persisted 5 to 15 weeks in
soils treated with O to 12 ppm disulfoton or phorate and
O to.1.33 ppm diuréno Corn and cotton were more tolerant
than were oats td>diuron.and diuron—insécticide combina-
tions.

Arlel(ﬁ)vstudied the relationéhip of trifluralin
and triflufalin plus phorate and disulfoton,on secondary
roét develqpméﬁf of Hopicala cotton. -Trifluralin was
applied and mixed into the soil at thgfrafe'of lrlb/A:alone
‘or in combination with disulphotbn or-phorate:at rates of
10, 20, and.40 1b/A. 'Soil—incofporated combinations of -
phéraﬁé'or diéulfoton with'trifluralin ihcreaéed'éottbn:,
Séedling,grpwfh aé compared to;trifluralinvﬁsed alone.
Phorate was mdréweffective_than'disulfbton ihvéfercoming
thefinhibitdry_effecf”of triflﬁralin oh seéondary~root
developmentQ

Ranney gi élg'(Sl) in Mississippi.Studied possible

interactions among chemicals used in cotton. Use of the
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- fungicides phene (2,2'—methylenebis[B,4,6ftrichlorophenoly,
' 0lin 242k (3-trichloromethyl-5-ethoxy-1,2,k4thiadiazole),
and.PCNB-af blanting time improved stands. The use of the
systemic insécticides, DuPont 1179 (methyl N-[ (methyl=

1 N1A 10242 (2,3-dihydro-2,

carbaﬁoyl)oXy]thibacetimidate),
2—dimethyl—7—benzofﬁranyl methylcérbamate)9 UC- 21149 (2-
"methyl-2-[methylthio]propionaldehyde O-[methylcarbamoyl]
oxime), and phorate at planting time ahd the herbicides
‘trifluralin and nitralin reduced cotton stands. Of the
combinationsiused, diuron~phora£e and. trifluralin-UC 21149
‘resulted in reduced_standvand diuron-phorate and nitralin-
‘DuPonf 1179 combinations resulted in'reducéd yields.
Several_fungicidé—herbicide—insecticide combinations
»reduced stand'lossés, gave effecfive Wééd énd insecf
control wiﬁhout damage to_cpttonw

Recentiy»(49), a greenhouse study showed that
preemergence combinations of 2,4—DW(EZeé—dichlorophenoxyji
acetié:acidi-and the-carbamétgsg EPTCf(é—éthyl'dipropyl=
thioCarbamate)a bhlorpropham (isopropyl Efchlorocarbahiz

late)9 and CDEC (2-chloroallyl diethYldithiocarbamate) were -

éntagonisfic'on sorghum and giant foxtailv(Setaria faberii
" Herrm). Combinations of -EPTC and 2,4,5-T ([2,4,5-

'trichlorophénoxy]acetic acid) or- dicamba

1/

=/ An equal (=) sign in a chemical name indicates
‘no separation in-the name when it is written on one line.
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(3,6-dichloro-~o~anisic acid), gave similar results.
Effects of these combinations were additive on ivy-leaved

morningglory (Ipomoea hederaceae L.), alfalfa (Medicago

sativa L.), velvetleaf (Abutilon theophrasti Medic.), and

cabbage (Brassica olearaceae L.),

The degree of trifluralin injury to cotton seedlings
was found to be influenced by the_presence of plant
pathogens (16, 30, 48). Pinckard and Standifer (48)
repdrfed'that the use of deeply—inﬁérpofated trifluralih
(3 to &4 inches) stunted bdtfon.seedliné.growth‘and develop-
ment aﬁd éredisposed plants to damping off. Where’?he
herbicide was used, isolates from seédlings showed an

increase in incidence of pathogenic Rhizoctonias and no

chénge.in'the presence of Fusaria. Rhizocdtonia injury was
almost»entire1y e1iminated4and the'ﬁumberbof seedlings and -
.their,$ize_weré improVed when PCNB wagfadded to the
ﬁerbicide treafment; |

xKappelman‘and”BuChanan (30)'havé mentioned tﬁat
cotfop Sténdé pn soils treated withufrifiufalin-were |
séyérely reduéed byrseedling diséaéés whénuélimatic'condi—
—tions Were_dnfayorable‘for cottonigrpwthq.

The interaction betﬁeen the herbicides, frifluralin,

nitrélih,.fluométuron (l,1idimethyl—3—E3,_,2,—trifluoro—
_24tolyl]urea)iand prometryne (2;Q—bis[isopropylamino]—G;

-;Eﬁethylthio]ﬁgétriazine) and the seedling diséase.organism

Rhizoétonia solani in cotton.were.studied'(lG)o When
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1.5 1b/A of tfifluralin and 3jlb/Arof‘prometryne were used
in the growth chamber, an interaction with the péthogen
that was injurious to coftohvoccurred betﬁeen trifluralin
énd’arlow lével of B; solani (0.25 pph).and between
‘ﬁitraliﬁ andva high level of R. solani (2.0 pph) infesta-
tion° | |

Auxin and Cytokinin Growth Regulators
and Roqt Growth

- The PhySiologiéal-Control of Root Elongétion and
Lateral Root Initiation by Growth Regulators

Most of the studies on root—groﬁth,regulator
relations have been conducted on isoléted root segments
(10, 19, 23, 36, 44, 47, 54, 58, 59, 60,'625 70). However,
some workers ‘have uiilized intact plants in their studies
(5, 11.,-‘189 22, 28, 31, 35). Effects of auxin and cytokinin
on root elonga£ion and lateral root initiation in»intact
plants will be reviewed first, | |

Levine and Lein (35) studied the effects of
aqﬁeous solufions of IAA, vitamin B1, and‘éolghicine,
individuéliy and in‘qubination, upon the number’and fhe
3

length of roots of onion (Allium cepa L.). A 10”7 per cent.

cqncentfétion of IAA‘was tbxic toldnion roots. With the
low Concentration, lOﬁi per.cent, there was an écceleration
of root growtﬁw “At this:concentratioh, hoWever, ﬁewgroot
formatibh was gtimulateq. Vitamin Bl accelerated iinear

growth of onion roots which were previously immersed in a
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'10_8 per cent IAA solution. Colchicine inhibited root

3

.grthhc However, onion bulbs exposed to a 10 -~ per cent
solution of colchicine and placed in 10—8‘per cent solution -
of TAA formed new primary roots. Varieties of onions
reaéted differentiy to IAA,'Vitamianl, and colchicine
tr‘eatments° |

‘The effects of IAA, NAA (naphthaleneacetic acid) ,
- and fhéir gprrespdnding.aldéhydes on root elongation were
studied by Ashby (5). Nine small-seeded species were used.
.All'spebieé showed inhibition ofrroot elongation when
germinafed seedlings were placed upon_agar'containing

100 pgm/l IAA. Of these species, Artemisia absinthium L.

(A mungwort) was selected fer the bulk of the study. All
growth substances were found to bring about lesséned

Artemisia root growth at 10 and 100 pgm/1l concentrations.

1 5

'ﬁ?S£iﬁﬁlatory éffect at very low concentrations; 10 "to 10
pém/istere established for IAA_and its éldehyde} Root
growth -was iess‘inhibited by_a-gi&en'concentfation'of
‘grOWth-Substanoe over a ?44hour beriod'fhén'0ver a 4-hour
pei"iod° | »

DaVidson, MacLeod, and-TayLQfoIS)vtreated l-day-

'old»séedlings of Vicia faba L. (brOadbeans) With'0,02%

~colchicine énd then transferred treated seedlings to
solution of TAA of 10*6'M concentration for 1 day, after
f~whiph'the.$§edlings were grbwn inbaerated‘Hoagland's

"solution. Primary roots treated Withicolchiciné and IAA
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showed greater growth than roots treated only with
colchicine. Lateral roots grew less from primary roots
tréated with éolchiciné and IAA than from'robts'treated
;onlvaith colchicine,

Growth inhibitioﬁ and recovery in roots folloﬁing'
temporary treatment with auxin have been studied (28).

-Corn, sunflower (Helianthus annuus L.), pea (Pisum sativum

L.), and'énion seed were germinatéd and When the roots. were
.3 to 4 cm long they were marked aﬁd grown in front of a
camera. .Plant roots were placed in nutrient solution con-
- taining either ITAA, NAA, or 2,4—D for a certain time
interval. The film recording showed that IAA at concentra-
7tidn of 10_7 M causedvg rapid décrease of elongation abou£:
15Aminutes after stérting theAéXpoSufé’to TAA. ARemoval éf
IAAHfrom’ﬁhé nutrient solution.resulted in a rapid resump-
tion ofﬂeiongafion° NAA aﬁd~2,44DWeffects on all species
'.weré:Similar'to those produced b&'IAAy In a similaf
'*étﬁdy, Bottfill.and'ﬂansén,(il) féund;that Z;Q—D:or_IAA at
AconceﬁtfétiOnslof 4.5 x 10_4 M fér 5 mihutés resulted in an
immediate reversible.inhibition of.éérhirddt growth whereas
 ibng—ferm‘exposure gave ah irreveréible inhibition.

| After thé-discovefy of kinetin, studies were
‘ initiated to-investigate;its'effecféAon~roots ofAintact
 p1ants>(22; 31).

Kemp, Fuller, and Davidson (31) studied kinetin

~activity on seedlings of tomato (Lyéopersicum esculentum
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L.) growing in sand or in soil. Planfs werertreated By
adding aqueous'solutions of kinetin to the sand ér soil
surface. Fifty-ml portions of a 10-, 50-, of 100-~ppm solu-
tions'were'applied to individual plants in each pot, at
intervals during a 4—week-period. As the dosage'of‘
kinetin increased, the growth of tdmato plants was more
strongly inhibited. Plants treated with 100 ppm of kinetin
had small leaves, drastically reduced root system, and
purble pigmentatioh° The response of plants to 50 ppmw
~kinetin was similar to those treated with 100 ppm. At
10 ppm, plant gfowfh,was significantly,inhibited, but only
slight indications of the ofher-effects observed with
100 ppm _treatment°

Kinetin anan6denine effects‘onbgrowthbof Lupinus
: hartWegii L._(iupine)_seedlings were investigated by Fries
(22). Two—day;old seedlings were traﬁsfefred‘td»ﬁutrient
agar medium to Which.kinetin and adenine were added. Dry
matter production of fhe seedlings was stfongly stimulated

by 10—4 M adenihe and by lO'-'7

kinetin. At higher éoncehtra—
 tions5 the growthbwas abnormal. In plants'gf;Wﬁ,inAfhé
.dérk,“the.sﬁimulatién resulted . in accelerafeﬁ:groﬁth rate
Af'thé shoot and lateral roots. vHigher.ééncentratiohs.of
kinétin'ihhibited the elongation of the_main root.and above

threshold values, the various manifestations of stimulation

" disappeared.
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The:iselation'and-eultufefiﬁ'aidefihéd-hdtrient];fr'J”"

solution'of'isoiatedureot segmehts:hafe been“used%as

'tecﬁniqdes-to detefmiheethe~syhtheticveapabit§ ef‘tﬁe?‘
isolated root, its dependency on the rest of the plant
land its - resbonse to exogenously applled chemlcals.ps7~'

‘Lindner (36) studled'the_response of horseradishvdt.

v(Cochlearia'armoracia'L;)'foet:pieces"to applieatioﬁstof,~'
saturated aqueous solutiohs”ef:Q%'miktures of iAA or NAAfin
lanolin.. The application of relatltely hlgh coﬁeentratlons
of TAA and NAA- 1nh1b1ted shoot productlon but stlmulated
root growth,~ The response of -the root segments wasvmore
‘iﬁtense when‘the growth substaﬁces.ﬁere applled at the'uépef:;
cut surface‘of ‘the segments than when~they ﬁere'applled‘to-
- the lower_cbzutA‘su_r-face_° | A - |
Studies on'the growthifactor requirements'df:iso;,f

lated pea reots had been carried out by-Naylor and
‘Rappaport (44) " One- centlﬁeter ‘segments of pea. roots
(Z—day—old seedllﬁgs)-were'cut and.transferred te adprdper”i:
nutrient medidm containing'suCrose, dextrose, caseln,
etryptophane, er IAA; TAA added to the basal medlum was
effectlve in a narrow. range in promotlng unlform and hlgh_
:growth rates-of ‘pea reots._ Greatest promotlve actlvity

was induced by TAA at” lO -6 g/la_-"

Torrey-(585 59, 60, 62) 1nvest1gated the chemlcalid"d
factors limiting-lateral root,formatlon 1n'1solated.pea-.

roots. In one study (58); tips of Alaska pea roots, 3 to -



20
'4 mm in length were excised after 48 hourSvgér@ination and
Vtransfé?redzto culture diéhes, one-half to agar control.
mediﬁm for 1 week (first transfer roof tips),vand the other
half to medium containing 1 mg IAA'ber 1iter'(initial root
tips); These two groups.of'rbot tips were then used to
‘study'the effect of decapitation on the root elongation and
lateralvrootvdevelopment° An optimum concentration of
1 mg/l of iAA solution applied for 3 to 7 days to ”initial
rbot tips, " produqed a maximum and uniformly reproduceable
resﬁonse inAnumber of lateral roots formed. When IAA was
applied at the same concentration to "first transfer tips™"
no laterals were .formed. 'Decapitation of'initially excised
roots grown in nutrient culture for 1 week, resulted in the
initiation ofilatefal roots, whereas decapitation of the-
first transfer tipsvcéused no lateral root formatiop°
Thisrwaérconsiaered as an indication of thé absence from
 firéf trahsfér tips-of a factor neceésary'fér lateral root
formatiqn° .Itjwas poééuiéted, however,‘that an unidenti-
fied substance other fhan auxin was neceSséry for iateral
>rpot formation in pea roots. In another study, Torrey (59)
 found that in addition to an auxin (IAA, NAA, 2,4-D),
laterél»root initiation in pea roots required an available
-supply of thiamin, nicoﬁinic acid,_édenine,.andfone or“moré
 miéronutrient$;' When any‘of these factofs:was-not supplied
~in édequate Céhcenfratioﬁ; cell divisions in the pericycle

_leadihg,torlateral root formation did not occur.
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Goldacre (23) conducted a study to confirm that
root meristems contain a diffusible substance which, in the
,presencé of auxin, promote thé'formation of further root

initials. Seeds of flax ﬂLinum usitatissimum L.) were

germinated on agar medium'and after 4 days; terminal 10-mm
sections were excised from the radicles and transferred to
sterilé_médium to which lO"-5 M IAA was added. Lateral
roots were.induced to form‘adventitiously. If‘séme lateral
root initialS'were present when IAA was added, newly induced
primordia formed.preferentiaily immediately:adjacent to |
- them. Accordingly, it was suggested that a chemical
'stimulds, kinih, originafing from the existing root
meristems'interacts with IAA to induce furthef-cell divi-
sipn in the pericycle. It was'proposed that kinin formula-
tion may be a rnormal accompaniment of cell diViSion;

The activity of kinetin alone and in combination
" with auxin on the responSe of excised root segmeﬁts and
plant tissue cultures ‘was studied (109 19, 47, 54, 57, 62)
'DeRopp (19) studied the effect of klnetln on the responsev
Vof fragments>of sunflower hypocotyl with or w1thout the
~ presence of IAA. ,Elongation”ihduced ih_apicél sunflower
ffagments by Ool-pgm/ml IAA applied to the apical end of
theufraémént was Suppréssed by 1.0 fgm/ml okainetin-ana
partly suppressed by‘O,l'pgﬁ/ml of kiﬁétinov In the
“:abéénce 6f auxin, l;O Hgm/ml'of”kinetiﬂ suppreésed the

elongation of hypocotyl fragments. The initiation of
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adventitious roots induced by O.llpgm/ml'of IAA applied to
the apical end of the:basal segments was inhibited.com—
plétely by 1.0 pgm/ml of kinetin and partially by 0.1 pgm/
.ml of kinetin. In thewébsence of auxin, kinetin did not
induce the initiation of advéntitious roots.

| In a series of experiments, Skoog and'Milier (54)
showed that an unorgénized callus tissue derived from

Nicotiana tabacum Linn (tobacco) stem pith could be -

induced to differentiate roots:or.buds or simply continue
to proiiferate;as a.callqs, or stop growing entirely,
depending on the relative amounts of IAA and kinetin pro-
vided. Little growth occurred without addition of either
kinétin or TAA. At a constant amount of TAA (2 mg/1), £he
Aabgénce of kinetin,br»thé preéence,of.too hiéh concentra-
 tions offkinetin (2 to 10 mg/1) little or no growth
occurred. At low kinetin levels, roots'were»developed9
and at relatively higher kinetin.levels Eudshwere
developed. It was coﬁcluded that both types bf hormones,
Auxins and kinins, were required f@r'groﬁth of callus
,AtiSSue. Low leﬁels of one with high levels. of the

~other and’vicefvérsaicéused opposife morphological growth.
The importance of both auxin and kinin for the induction
of cell»differentiation and organ formation as proﬁosed by

- -Skoog and Miller (54) was confirmed by Pillai and-

_Hildebrandﬁ-(47); Culturing geranium (Pelargonium zonale

VL'Herito) calius, they found the presence of'Q.l-mg/l NAA
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sénd 10 mg/1 kinetin nécessary;for the induction of shoots
~and rboté in the geranium callus in 8 to 20 weéks°

Torrey (62) attempting to interpretﬁ£heAnormal
process of lateral root initiation in peas,. used IAA,
adenine sulfate, and:the.adenine derivative, kinetin, alone
and in combinations} Seed peas were germinated and root
Vsegmentsvwere obtainéd and cultured folléwing a procedure
-similar“to earlier studies:by Tbrfey (58, 59, 60)?
Increasing concentratioﬁs of IAA to 5 x 1072 M increased
the number of lateral roots initiated.  Tip rootvsegments
produced éonsistently fewer laterals: than basal segments.
”Adeﬁine sulfate in the presence of>the'optimum IAA concen-
.tration had a slight stimulatpry-effect on roét initiation.
Kipetin-produced two;types.of_responses, depending on the
concéntratiohé supplied.’ At low kinetin concéﬁtrafion,.
75jx'lO—8 M; a étimuiétipn of,rbot}inifiatién.wasﬂpbserved,
'at:increased Concenfrations,.kinetin became inhibitory
~until at 5 bpm.almost complete inhibition of root initia-
tion waS-obséfved; Kine#in at low concentration increased
Vthe effectiveness of\iAA>in,induqing lateral root initia-
~£i§ﬁ when4the_auxiﬁ,was élready maximally effgctive; When
: Suﬁplied at'ﬂighér'¢oncéﬁtration, kinetin antag§nizedvfhe
stimulatory-efféct of3IAA_Qn root initiatibn,uqéusing
compléte inhibition a£:5>§p@‘concentration» |

Bonnet and Tb?rey (10) investigated the chemical

control of organ formation in root segment of Convolwvulus
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arvensis L. (field bindweed). Isolated root segments were
capable of developing into plants by forming both endoge-
néus'buds and roots. After 6 weeks of culture with the
:growth regulators in theldark,_only a slight promotion of
~the number of roots was bbserved.when segments were tfeated
. with auxin alone as éomﬁared to IAA and kinetin supplied
~in combination .« |

. The importance of kinetin (kinin) for the initiation
of rbots in the presence of éh auxin has been strengthened |
by the recent evidence fbr the primary synthesis of a
kinin in the roots. Kinetiﬁ—like compounds have been

"detected in root exudates of tobacco and Vitis vinifera

Mérsh. More receuntly, by extractioh'of segments of
seedling roots of sunflower and bioassay of the exfracf,
it has been shown that the kinin'éctivify is concentrated
in the root apéx (57) .
' ~Gr5wth Regulator.0§ntrol of Cell Division and

Cell Enlargement '

Histological responses of roots to auxins have

been studied-(?,il&, 69). Bulbéi§f Allium éepa-L;,
Narcissus, and Tulipa,were.roqtéd in watef,and transferred
to‘nutfient solutioﬁ contéining lQ or 20. ppm of auxins
éﬁch as»IAA9 NAA, and tryptophane(IQ). ‘Roots of Allium
'ahd:Narcisggi thickened markedly‘back of tHeir 'growing
':points as a resdlt'of'thergrowthAregulator treatménts°

_Roots'of TuliEa'showed little enlargement and no
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ad?entitious.root formation. In Allium and Tulipa,
'proliferétion of the-pericycle was observed, buf only in
Allium{formation of numerdus root primordia observed.

Beal (7) reported a cessation of elongation of the

primary root of young seedlings of Vicia faba L. When
placed in certain aqueous solutions of heteroauxin.
vRelativeiy-high concentrations inhibited elqngation and
resulted iﬁ marked increase in diaméter and- the production
of numefous'latéral roots. Thé increase in diaméter has 
resﬁlted.chiefly.from the activiﬁy of the cells of the
pericycle region. Webster and Davidson (69) inveétigated
the activity of TIAA and cblchicine on the duration of the

mitotic cycle of the root meristematic cells of Vicia faba

_L. Cells'of the‘root_meristem_were labeled with tritiated
thymidine and treated with'IAA_andAcolchicihe.Qr both.
“IAA;delayed.cglls in.S;stagé-(synthetip‘interbhase"[DNA]).
This resulted in the- temporary fall in Mitotiq}lndeg,
Colcﬁicine'treatment‘shortened the mitotic cycle~bfAthe
cells‘by sfimulatibn of éells in Gl (pfésyntheti@ infer—
.phase)_or early S to complete_intefphasé fastér than
_ﬁntfeated cells. The effect of IAA invprolongiﬁg intéfe
phase:waégaiso.seén in foofsttfeated-with‘IAAfand
‘colchicine.

l Effects of‘kinetin.élone and in combinatidn‘with
auxin 6n cell division hafe’been investigated (21, 25,

61, 65, 68). Guttman (25) transferred rooted onion bulbs

/
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to vials containing control or kinetin solutions with -
concentratiéns ranging from 0.0l ppm to 5 ppm. - Histo-
logical observations indicated.  that high concentrations of
kiﬁetin affected particularly:the pfophases. At such
concentrations, kinetin did not inhibit the initiation of
mitoses, but prevented its confinuation. It was pfoposed
that the polyploid';ells observed at high kinetin concen-
trations were due to a . lack of,synchronizatibn betwgen
nuclear division and cytoki»nensiso

Torrey (61) cultured pea root segments in media

6 6

containing 1of_'M 2,4-D or 10 ° M IAA and O to 5 ppm
~kinetin. He reportéd that on a medium lacking kinetin,
callus tissue developed, but mitosis was observed only in
diploid cells@> Upon the addition of 1 ppm kinétin; the
number 6f Qells in mitosis apbroximately doubled and a very
high percentage of.diViding-cells poséessed the;tetraploid
'chrdmbsome--ndmber° -HoWeverﬁ’ldWer concentrétions;éf,kinétin“
were proporfionally less‘effécfivé‘in stimulating~mitdsis>_
and in bringing tétraﬁloidicells into mitosis.

A pomparafive study.was made of the effectiveness
of various hormone and metabolite miXtufes in_indﬁcing
fvasculargéaﬁbium initiation and secondary Vascular tissue

L»formatidn in isolated roots of Raphanus‘Safivus'L;

(radish) (65)¢75Requirementsffor auxin (IAA) and cytokinin
(6—benzy1amindpurine) were absolutes; in their absence no

cambium was formed.
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Digby and Wareing (21) initiated experiments using

cambial cells of Aeer_ﬁseudopiataﬁus Falk (maple) grown in
liquid suspeneion culture to which'growfh hormones were
added when needed, and studied the: interaction of the
hormones kinetin, TAA, and GAt(gibbereliic acid) in theV
: promotion'of cell divieion and expenSion. - TAA increasea
.mean cell size at conceﬁtrafions frem 0O to 10 ppm, but de—
creased cell nﬁmber at coneentrations'higher than 2.5 ppm .
With kinetin, there wasran increasevin'cell number (at O to
10 ppm concentration) with an optimum response at 5vppm;
this was accomplished by a marked feduction in mean cell
size. GA treatmenté'gaverresults similaf to kinetin treat-
ments. Combination of TAA and kinetiﬂ reéulted in-avmafked
synergism in the promotion -of cell divisien, but the-meah
’cell size was 51gn1f1caﬁtly greater than when the cells
were treated w1th,k1net1n alone. Treatment with all three
hermones_cembined’gave a meen cell size wh;ch was about the
same as that found after IAA/GA or IAA/kinetih treatment, a
similar reSponse was obtained with cell number° |

Van't Hof (68) studied the action of TIAA and
~kinetin on the mltotlc cycle and the. induction of cell
.divisienqand DNA synthesis in Statienary phase pea root
’cells; ‘Tﬁe terminal 1 cm;of garden pea roets wes excised
and. placed in dlfferent grew1ng medlao .The;influence of
klnetln and IAA on the G (presenthetic), S (bNA synthetic),

1
and- G, (post-synthetic)-periods of the mitotic cycle of
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actively dividing (proliferative phase) and initially-non—
dividing (stationary phase) root meristem cells Qas
determined with the use of tritiated thymidine'(BH—T)°

Kinetin slightly increased G2 and the Gl durations,‘ IAA

appeared to act primarily on the duration of S. The
combination of kinetin’and IAA produced all three results.
The effect on stétionary phase cells, i.e.y cells that are

retained in either Gl or Gz until provided sucrose, indi-

cated that kinetin and IAA impaired the initiation of DNA

synthesis of most but not all of the Gl'cells,' The
combination of kinetih and IAA reduced the initiation of -

DNA synthesis by G Célls and further impaired the progress

1

of cells through S; G, cells also displayed‘sensitivity'to

2

the combiﬁationrof kinetin and IAA in that they entered

mitosis at a low rate.



. MATERTALS AND METHODS

. This reSearch was conducted.in a'gréenhoﬁse and a

" growth chamber at The University of Arizona, Tucson,
Arizona, during 1968 and 1969. The primary objective was

to investigate the effects of trifluralin in cbmbination
with organophosphorus compounds or growth regulators on root
development of Deltapine Smooth Leaf'cotton;seedlings°

Soil-Applied Trifluralin, Phorate, and
Their Combinations

Experiments were conducted in a greenhouse during
the summér of:1969 to study the effects ofiSoil%applied'
frifluralin, phdréte, and'trifluralin—phOrate éombinations
on cqtton.seedlings. The soil in this stﬁdy was collecfed
from the Casa Grande Highway Farm. it was air-dried. and
passed through a'_f3"—vmm—meshvsc‘reen° It'Was a sandy ioam
soil (64%’sénd, 26%'siltj'and 10% ciaY) with an organic
‘matter content df 1%,'_ |

In prelimihary.tests in fhe greenhouSe,_glass boxes
and pots wére.used_fpvdetermine thefmefhod and ?ate-of
application,_depth.of chemical incorporafion in the soil,
the method; rate, and:frequency of irrigation, gfeenhouse
tempefature, séed germination, and the plant chafacteris—
ticé to be studied to evaluate pl;nt response %0 treat-

ments .,

29
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Cotton seedélwefe planted in perforated,_réuhd |
plastic pots, 150 mm in diameter at the top, 105 mm at
the bottom, ahd’lSO mm deep. About 2125Ag of soil was'
needed to £fill each pot to within 25 mm of the rim. The
surface 40 mm of the poftéd soil, weighing 750:g,.com—
priéed the layer containing the various chemical treat-
Méhtsg |
The trifluralin used was a commercial emulsifiable
concentrate. Trifluralin rates were 0, 0.56, 1.12, 1.68,
~and 2.24 kXg/ha. A 10% granular formulation of phorate was
used. . Phorate was applied at rates of 0, 22.42, 44.84,
67.26, and 89.68 kg/haf Agqueous dilution of trifluralin
Vwas.made so that a volumé of solution éoﬁtained the required
dosage bfvtrifluralino--Thisrvolumé-of trifluralin was
Spfayed on the 750 g of soil. Before spraying; the soil
:waé spread on a piece of blastic.(60 by-6O cm) and flattened
th a depth ofvaBout-ZS mm .  Aftef épraying, tfifluraliﬁ was
"incorporated into the soil by stirring and shaking. Phorate
was weighed for each tréatment.and added to soil previously |
treated with trifluralin or untreated soil, and ihcorporr.
étéd into ‘the soil in the same manner as triflufalinf
- Water was aléo appiied to.ﬁntreated~soil.(cdnffol)vand
z'inéorpora£ed into,thevsqil in- the 'same manner as tri-
- fluralin. |
| At planting; unfreafed soil (weighing.1375 é) was

placed in the pot, leveled, and 400 ml of water per.pot'wére
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then added. Paper was placed on the soil Sﬁrface prior to
adding the water to prevent erosion. After the soil
.abéorbed the-wéter, about 470 g of the treated soil was
placed in the pot on the untreated soil and spread uni-
formly té a depth of 25 mm. Twelve healthy cotton seeds
were spaced on the soil surface. Paper was also'plaéedmon
the soil surface prior to addition qf 100. m1l of Water, The
seeds were then covered to a depth-of 15 mm'with treéted
soil (280 g). The soil. surface was finally coveréd.ﬁith
about .5 mm of peat moss.

This study was a 5 by 5 factorial eﬁperiment and
the treatments were arranged;in a randomized block design
with four replications. The entire experiment was repeated -
:twidee | |

The greenhoqse waé pro#idedfwith heat:below 20 C
and was cpqled‘abbve 2720,.'For‘§lant protéétiQnAfrom
inéects, the gfeenhduse was fumigated With‘pyfaph03§hate
bomEs‘Z or 3‘days.before each experiment. |

.Three days after emergeﬁce, cotton seedlings were -
thinned to fivejplangélper bot; Seveﬁ déys_éftef-seeding
anq’thén every 2 days;250-@l:of'water,wére_applied to the
"Séil7sﬁrface_qf cach ﬁot; | |

| Eleven éharacterisfics were measured to evalﬁaté
‘cotton response to trifluralin and/or phorate soil treat-
"ments. These were:  (6) nﬁﬁbef of germinated.séeds, (b)

 shoot 1ength»14 days:after seeding, (c) shoot 1ength 21
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days after seeding, (d).shoot’dry weiéht,‘(e)'roof.dry
weightj.(f)-blant dry weight; (g) number of,latefél roots
atVO to 4 cm region of the primafy root, (h) number of
lateral roots at 4 to 8 cm region, ti) number of laterals
at 8 to 12 cm region, (j) number of laterals at 12-to 16 cm
region, and (k)vtotal_number of_lateral roots on each plant.
.Number of emerged seédlings were counted 7rand lO‘days
éfter seeding. Shoot léngth was4measured from the soil
surface.to the shoot apex.; Root measurements were obtained
as'foliowsg When the cotton seedlings had two to three true
leavesg pots were soaked in water for about 2 hours. Then,
the soil was carefully washed from the root system, holding
the pot over a 2 -mm-mesh screen, and gently washing away'thé
’xsoil with water. -After‘the roots were ffee of soil,Athé
séediings.wepé plaCed in plastic bags.in the‘refrigeratofg
The plant materials were fraﬁsferred to the laboratory for
 root measurements. 'Coftdn seedlings were placed, one at a
time,rin a long pan cOnfaining cdld,wafer, A BQ;ém ruler
was fixed inside the pén to facilitate root measurements .
IThéilaterai rpots were éouﬁted iﬁ évery Lecm region of the;
.primary;roottbeginningﬁfrbm the transition zoﬁé downWard°
'Afférvlateral foétfheaéqrements, the shootséand roots were
Aéepérétea, ﬁladedrseparafely in paper bang and,bVen—dried
.a£ SC‘C for Z&Hhours,: The data were analyzed forreach
character using factoriai and multiple regr“e'ssi'on‘analyses°

Linear, quadratic, and linear by linear interactions were
. 0
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obtained for trifluralin treatments and phorate treatments.
Predicted values of each factor were obtained ﬁsiﬁg the
quadratic equation. The predicted values were then. used

for the study of the responsews_urfaceso

Culture4Solutioﬁ Studies in the Growth Chamber

A series of experiments were condﬁcted,(in a gfowth
chamber'in a Botany 1abora£ory at.The University Qf Arizbna,
to inVestigate root development-of cotton seedlings‘grbwni
in culturé solutions.of organophosphorus compéunds including
phorate, or growth fegulators, alone and in combinétidn
wifh trifluralin. The procedee‘in all of the growth 
chamber ekperimenté waé as follows.

Seedlingé of,Deitapine Smg@th Leaf cotton were
. ger@inated and.gfbwﬁ>inra,cdntrdl'of'éhemiéal treatment
solution.culturesf Control seedliﬁgs_were supplied with
one-half strength Hoagland's solution (%4); however, FeSOq
~was,replé¢ed by ‘Aron chelated with ethylenediamine tetra-—
] écetafe'(EDTA);(ZQ)b' Stéck_éolutions of the chemicals_ﬁere
prepafed_by combining the measured amount of each chemicél
-wifh one~half stx‘_engthHoagland's_sb-iuti_on° Solutionsfwefe
theﬁ prepared by:dilution of the~chemical's stock solu-
'vrtib.ns° | |
Séveral:éu1tural ﬁegﬁniques'were-évéluafed t§
Hobtain a propervpianisgrow£h'and'resbbnse to appiied "

chemicals. The following technique was selected. At
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'sééaihg;'a tnreeelayer.paper:towel 33 by 38 cm,ldwas |
?placed on a plece of thln plastlc (40 by 40 cm),band wetted-'
w1th 80 ml of the treatment solutlon.v After the paper~'”
towel had unlformlyvabsorbed the solut;on,‘ZO selected

cotton seeds were'placed horizontally,'radicle'down, 3 cm

from the top of the paper towel. Therpaper towelfwas'over—

~eo

lapped to cover the'seeds,brolled loosQly5eand'tnefrOll;was._,.’

‘placedvuprignt in‘a koo ml.beaker,;75£nm in1diameter{and‘
l24 mm deep, containlng BOO'ml'of‘the“sameisolutioneused
“to wet the paper ﬁowel° The beaker was-Covered:wltnda»thln
e . p _ S
plastic and three small aeration slits were made; Beakersl
were_transferreditO“the growth chamber and supplled w1th
;forced air. Seed germlnatlon 1n paper towels proceeded 1n
darkness at 29 to 30 C and about 80% humldlty for 3 dayS'.
(germlnatlon period). At the end of ‘the germlnatlon
period, the‘beakers,were removed from the growtn chambers
tuncovered and the paper towelsjwere-unrolled,lrQermlnatedr~l
»seeds.were counted5'homogeneous‘seedlings‘were seréefqufd'
séﬁd their hYPOCOtYlSvand radicles were-examined'and‘>
measured. | . |
Seedllngs were grown for g days (grow1ng perlod) in

‘f32 by 200 mm culture tubes (three seedllngs per tube)
>d;eonta1n1ng_120 mliof4elther;theﬂsameosolutlon usedpforeee”~

germination or a different solution. In the culture tubes,

1 C -
‘ /Klmtowels, dlsposable shop towels, Klmberly—,j'
Clark, Neenah Wlscon51n°
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-cotton seedlings were suppbrted by & pipette (Fig,-l)o'
The wide end of a bacteriological disposabie'capillary
pipette, 225 mm long was wrapped with a 5 by 8 Cm piece of
paper towel. Qofton seedlings were.placed against the
pépef towel and held on fhe pipette with a strip of white
sﬁgnge (14 by 2 by 1 cm) by wrapping the sponge gently
around the seedlings ét.the'fransition zone of each and
"arouhd>the pipette. Then, theVSpongé was supported on a
- small, round tapered hollow stopber with bottom removed,'by
inserting the narrow -end 6f;the pipette and the seedlihg
radicles through the stopper. The upper diamefer.of the
stopper was 35 mm,'slightly wider than the cultureé tube
diémeter at the tép; The pipette with the cotton seedlings
affached to it wés inserted into the culture tubes, so that
" thé radiﬁieé with_the‘narrow end of the pipette and part
éf the paﬁerktgwel Wéré.coVeréd'by the solution'and the
.cotyledons With the wide eﬁd'bf the pipette were upward.
~The'cu1ture.tubes containing co?ton seedlings were then
placed in a plastic rack, transferred to the growth chamber,
and supplied with fofced air. Sélﬁtions of differént» |
treafmenté,were'added daily to maintain the level in the
L tﬁbeéo | |

Forced aif‘éubplied to the cotton seedlings during
_gérmination and groﬁth.periods-Was-bubbled sloﬁlylthrough.
tﬁe iiquid medium in the-beékers or culture tubes from .a

laboratory outlet via rubber tubing through the following:



Fig.

i (S

Growing of cotton seedlings in culture tube --
A. The culture tube, disposable capillary
pipette, hollow stoppers, disposable hypodermic
needle, paper towel, sponge, and rubber tubing
used to grow and support cotton seedlings.

B. Cotton seedlings in the culture tube.

36
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glass wool, a distilled water humidifier, a-rubber.tubing
to the growth ohamoer,'a.rubber tﬁbing manifold inside the -
growth chamber, a sterile disposable hypodermic mneedle
19 O.5~cm rubter tubing, and a 225 mm long disposable
capilléry,pipette inserted into the beaker or into the
culture tuoe where it supported_the ootton seedlings.

One fluoresoent tube was installed in the growth
chamber. The light intensity was approximately4250 ft-c
at the top of the plants. Tho daylength was 16 hours and
the temperature was_29 to 30 C during tﬁe iightrperiod and
26 to -27 G during the dark period. | |

Afterithe‘Q—day growth period (7 days aftér
seedlng), culture tubes were taken from the growth. chamber
_and the plants were removed, examlned and the hypocotyls
(shoots) and prlmary roots (radlcles) lengths were measured
and the number of lateral- roots at 0 to 2, 2 to &, 4 to 6~
cm root-regionsAand total number of‘lateral-roots per<plant
were-countedo,. |

'Cotton seeds ha?ing i cm or .longer hypocotyl-
radicle growth were considered germinated. Hypoootyl or
shoot'length'ﬁas measur ed from.the‘transitioo zono'upward
.and the’radiole,or primary root was measured f?om'the
'ltransition Zono:dowpwafd; Theiiatoral4roots_Wero moasgred
in a proceduré similar to that used with plantstgfowh‘in

the greenhouse.
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For protectioﬁ against light, the beakers and
'culbure‘tubes were covered'With aluminum foil. To maintain
sterile growing condiﬁions,‘nutrient'solution, beakefs,'
culture tubes,bbottles, pipettes, fﬁnnels, and graduafe
.Cylinders were sferiliZed by autoclaving-at 121-0 andrr
leOS Ré/cmz for 15 minutes. The growth chamber was fre-
quently washed by a detergent and sterilized wi%h a'iO%
water solution of 5.25% sodium hypochlorite.
Trifluralin, Phorate, and TheirkCombinations in -
Culture Solutions
v.The effects of rate, dﬁration, and type of treatf

ments of trifluralin, phorate, and trifluralin-phorate
combinafioﬁs in solution cuitures on cotton root development
were investigated,,,Emﬁlsifiablé contentrates of trifluralin
_andvphorate were ﬁsedo' Preliminary tesfs Wefevconduéted to
determihe the rates of trifluralin and phorate to use.
Triflﬁralin and phorate were tested at rates froﬁ 1-to 100
ppmw, aipne;and'in cémBinétionst "Cotton s?edlings Wére
. germinafed and grown ih:triflufalinrénd phdrate solutiogs
and their comﬂinations folibwing a pfoceduré described
earlief;“To étudy the-influence of trifluralin or phoratgv
treatments, cotton seedlings were gefminated for 3 daysvin
triflu?alin“5’and.lﬁvppmw or phorate 10 ana,BO ppmw solu-
“tiohs,:fhéﬁ-transférfed"éﬁd grown for k4 days in either the
'same’or7d:i_fferent,s-’o_’lutibns.° Six factorial ekperimeﬁts;

3 by 3 each were conducted and the treatments of each
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experiment were arranged in a-randomized block design with
.three replications. Every experiment was'repeated‘twice,

and the data were analyzed by a. factorial analysis.

a

Trifluralin and Organophosphorus Compounds’ in
Culture Solutions :

To evaluate the role of the organophOSphorue
compounds in the interaction of phoraﬁe end trifluralin on
_cotton feot develepment,_lS organophoephofusAcomﬁounds-
(hereafter called O, P. Co)'ﬁere obtained and'their:effectsv
on cotton root groﬁth were studied individually and in
" combination with trifluralin in culture solutions. The
0. P. C. were selected:on the basis of their chemical
istructure's Similarity or dissimilarity te the_phorate°
Datelin Table'lrshow the number, chemical name, and the.
: meleoular.weight'offphorateVand the 15 0. P. c.t
Severél.preliminafy fests were made with these
'compounds since ho informatien was_availeble'oﬁher than
their boiling or melting points. Solubilityiof éach
compoend was tested in different solvents° Distilled water,

95% ethanol, % hydrochloric acid, and 0. l% Tween 202 (a

/O P. €. 1 to 11 were selected from Aldrich -
Chemical Catalog, 14, 1969-1970, and obtained from :
Wilshire Chemical Co. Inc., Gardena, California. O. P. C.
12 to 15 were obtained from Dr. R. B, Bates,'Chemistry
Department, The University of Arizona° . -

—/A product of The Atlas Powder Company,

Wilmington, Delaware°



Table 1.

Number, chemical name, and molecular weight of the organophosphorus

insecticide phorate, and the 15 organophosphorus compounds used alone
and in combination with trifluralin. to study cotton root development
in culture solutions.

Chemical

‘ B : : ‘Mpiecular

- number "Chemical name weight
—- Phorate (o,o—diethyl'§g[(ethy1thio)-methy1]-

phOSphorodithioate) ' 260.37
1 Trilauryl trithiophosphite 635.16
2 Diethyl_dithiophOSpha£¢' | 186.23
3 Ethyl dichlorophosphate'. 162.94
4 Triethyl thiophosphate 198.22
5 Diphenyl chlorophosphate 268.64
6 Diethyl chlorothiophosphate 188.61
7 Dimethyl chlorbthiophosphate 160.56
8 Phenyl phosphonothioic—dichloride 211.05
% - Triphenyl phOSphifé | 310.29
10  Tris-(ani£ropheny1) phosphate 461.28
11 | Diphenyl‘dithiophosphiﬁic acid .256032

0%



Table 10——Continﬁed

12
13
1k

15

'Dipropyl methylene-cyanophosphite

Triphenyl methylphosphonium iodide

Triphenyl ethylphosphonium bromide

‘Diethyl ethylacetate-phosphite

205.00

Lok ,00

371,00

224,00

1y
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polyoxyethylene sorbitun moholauraté,va surfaétant) were
tested to obtain and.ﬁéintain diépefsion_of'the 0. P. C. in
“nutrient sélutiono. Tween 20 was most éat‘isfactory° In
dispersing,the 0. P. C. in Tween 20,.a measured amount of
each compound was added to lslml'of .1% of the surfactant
and the mixture was warmed to about 45 C and stirred untii
the compound was completely mixed or disSolved inAthe
surfactanti With rapid stirring, the sﬁrfactant;o. P. C.
mixture was introduced'intq a volume of warm half-strength
Hoagland'svnutrient solution to give the desired final
concentration. - Similar quantity 6f .1% Tween 20 added to
control solutions produced no visible effects upon cotton
roots.

To determine.cotton root response to the 0. P. C.
applied alone'and in combination with trifluralin, prelim-
inary stﬁdy'was‘necéssary; In a test in thé greenhouse O I
P. C. 12 to 15 were tested as a soil treatment at rateé of
4,8 and 89.7 kg/ha each, alone and in-coﬁbinétidn.with 1.12
kg/ha trifluralinu Since the stability of thgng 0. P. C.
was unknown; the-chemicals were tested_iﬁ'solutiéniéultgres
in the-growthléhémber° ' The 0. P. C, were épp1ied at 50 ppmw
alone and in combinafion with 5 ppmw;trifluralin,' Cotton
seedlings~wereVgerminated_and groﬁn‘in a procedure "similar
to that described:befofe. OrganoﬁhosphorusVcompéundé 3, 8,
13,and 14 Wer§ thiQ té cotton seédlings ahd'increasedv

tfifluraliﬁ_toXicity, Oniy the~6ther_00 P. C. were used in
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subsequent studies. These compounds'were'studied, at 100
ppmw, alone or with trifluralin at rates éf 5 and 15_ppmw° 
Treatments were replicatedjthree times:in a'fandomizéd
block design, and the experiment was repeated twice. The

data were analyzed using a factorial analysis.

IAA, Kinetin, and Trifluralin Study

The response of cotton seedlings to IAA, kinetin,
and their combinations was' studied in culture solutions.
The'solﬁtions of TAA and kinetin were kept refrigerated in
steriliied bréwn bottles. In preparing the stock solutions,
TIAA was dissolved in 15 ml of 95% ethanol and kinetin in 15
ml of 3% aquebu;.éolution of hydrochlbric,écido When
similar quantities of ethanol and hydrdchloric acid were
added to half-strength Héagland's nutrientisolution
controls, mno Visible’effects upon’cotton roots were pro-
duced.

" To determine maximum plantvresponée to TIAA and
kinetin, aioﬁe-and in combination with trifluralin, pre-
liminary tests Were carried out witﬂ each chemical. TAA
~and kinetin were. tested at rates of;l.and 5;ppmw5 each,
alone and in combination with.trifluraiin at 5 ppmw treat-
rﬁents° -Foqr'éxperimenté were conducted utiiizing tri-
>fluralinvwith"IAA and kinetin.

The éffecté of IAA at rates of 5 and 10 épmw,

kinetin at rates of .5 and 1.0 ppmw, and trifluralin at



Ll
rates oka andA15 ppmw, eaéh,-alone7 and in all'possibie
combinations on cotton root,develbpment were studied ih-one
experiment..

A-ratio study was conducted to determine the levels
of both IAA and kinetin that counteract trifluralin
inhibitory effects on root development. Twelve ratios.in'
Experiment 2 inclﬁded trifluralin at rates of O and 5
ppmw; TIAA at rates of 5, 10, 15, 20, and 25 ppmw; and
kinetin at rates of .5 and 1 ppmw (-Table-2)°

| - Four ratios from“Experiment 2 were studied to
determine how different levels of IAA/kinetin/trifluralin
in qulture solutions affected cotton seedlings° The ratios
were nmumber 4, 6, 9, and 11 of Table 2. .Five different
levels of IAA/kinetin,of each of the four-ratios selected 
were formedjand‘co@binea with trifluralin at 5 ppmw in
Expefi@ent 3 (Table 3).

,IAAgrkiﬂetin, trifluralin étahigh rates, and’their
combinations were studied in Experiment L4, 'Trifluraliﬁ,was
used at fates-of'o, 5; 10, aﬁq 15'pp@w; TAA at rates of O,
10, 20, and 4O pbmw; and kiﬁetin a£ rates of.03'059 and
2.0 ppmw& | |
| Treétments.of the four experiments Were arranged in
~the growth chamber in a randdmized Biock desién with three
~replications.  Each éxperiment was repéated twice and ther
daté were anélyzed,— Howeﬁér, the data coliected in Experi-

ment 3 were not analyzed, since the main interest was to
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Table 2. Trifluralin/IAA/kinetin ratios studied to
determine their effects on cotton root develop-
-ment in culture . solutions (Experiment 2).

ppmw
Ratio number Trifluralin  IAA Kinetin
1 0 o) 0
2 5 0 0
3 5 5 «5
L 5 - 10 ' .5
5 5 15 "'» -5
6 5 20 | R
7 5 25 o5
8 5 5 1.0
9 5 10 1.0
10 - -5 15" ‘ 1.0
11 | 5 20 1.0
12‘ 5 25 | -"'1;6,
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Table 3. Ranges of TAA/kinetin formulated. for four.ratios
selected from Experiment 2 to study their effects
on the inhibitory activity of trifluralin on
cotton seedlings in culture solutions. (Experi-

ment 3).
Ratio number Trifluralin IAA - Kinetin
(selected . , '

from Table 2) - (ppmw) -+ (ranges in ppmw)
5 1 "~ 0.050

5 5 "~ 0.250

b 5 10 0.500

5 15 . 0.750

5 20 ~1.000

-5 1 0,025

5 10 - 0.250

6 5 20 - 0.500

5 30 - 0.750

5 Lo "1.000

5 s 0.100

5 5: 0.500

9 5 10 1.000

5 15 - 1.500

5 20 -2.000

5 1 0.050

5 10 - 0.500°

11 5 20 -1.000

5 - 30 . 1.500

5 Lo : 2.000
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find out the relative performance of these combinations
wiﬁh corresponding decrease or increase in IAA/kinetin
rates.

Thevdata on trifluralih/IAA/kinefin collected in
Experiments 1 through 4 were studied together. The effects
of incréasing~rates of TAA or kinétin on growth and number
of lateral roots of cotton seedlings grown for 7 days in
. TAA or kinetin solutions of Exﬁeriments 1 and 4 were
‘examined together. Number of lateral roots produced by
cotton seedlings 7 days “after séeding in treatments.of
increasihg rates of TAA and kinetiﬁ in the.preéence of 5
ppmw trifluralin in Experiments 1 through 4 were consideréd
together.

‘Effects.of.Trifluralin and/or Phérate on Cotton
Root Anatomy During Development

‘Tb study the effects'of,trifluralin and/or phorate
on cotton rodt_tissUes, cotton seedlings were germinated
and grown in the growth ghamber as desCribéd before.-.Seed—
lings were .grown in the solutions of half—strengfh
Hoagland's nutrient solution (control), trifluralin at 5
‘éhd 15 ppmw, phorate at 50 ppmw, and inﬂtheAcombinétion
treatment of lO'ppmw‘phorate plus 15'ppmw triflufalin;
;Rdot sampies:for histology study were téken from 3- and 7-
day;01d se¢d1ings grdwiﬁg’in the same solution. Roof'tips
'v‘aﬁd basal root segments were obtained from 3-day-old seed-

"1lings and root tips, middle root segments and basal root
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segments were obtained from 7-day-old seedlirigs° goot
segments were cut in water from the primaryrroots with a
sharp bléde and placed in Viais containiné formalin-acetic
acid-alcohol (FAA) for killing and fixing. The segments
were dehydrated and embedded in paraffin° Cross and -
longitudinal sections, 12- to l4-i thick, were cut with a
rotafy_micrqtome, affixed to slides with Haupt's adhesive,
and stained with a safranin-fast green stain. Permount |
was used as the mountant (29). The prepared slides were
examined.uéing a microscépe and epidermal, cortical,
ehdodermal, and pericjclic cells:and lateral root initials

were studied.



RESULTS AND DISCUSSION

Soil-Applied Trifluralin, Phofate? and
Their Combinations

Data summarizing the effects of trifiﬁrélin,
phérate, and their’combinations dn the average shoot
lengths at 14 and 21 days after seeding; shoot dry weight,
root drj»wéight; plant drj weighty; number of lateral roots
at 0 to 4, 4 to 8, 8’£o 12, and 12 to 16 cm root regions;
and totél number of 1atéral roots of.co%ton plants grown in
the first and second seedings are given in Tables 4 through
13. The analyseé of variance of data collected on each. of
the eleven charactéristics in thé‘first and second.seedings
are presented in Tables 14 and 15 fespectivelyo‘

Sqil.applications of triflufaiin, phorate, and
trifluralin—phorate-cOmbinatiohs did not affect,cotton
gérminétion in the two seedlings (Tables 14 and 15). Shoot
lengths of cotton plants 14 days after seeding were not
influenced“by treatments in the firéf seeding (Tablg 14),
buf tﬂere were significant differences between;phofate
treatments of the second seeding (Table 15). The an;lysis
Aof‘§arianée bf:data on>ea§h of the Othef'nine;Characferis—
'tics for the_first'and éeéond"seediﬁgs showedfsignificént
differencés amoﬁg treafmenfs (Tables 14 and L5)0~

k&9



. Table 4.

'
1

The effect of trifluralin, phorate, and trifluralin-phorate combinations
on cotton shoot length 14 days after seeding (first and second

seedings) .

Shoot length (mm)

Phorate .

- First seeding

Second seeding

. Trifluralin, kg/ha

Trifluralin, kg/ha

v . . ~ - Aver- : Aver-
kg/ha 7 0.0+ 0.6 1.1 1.7 . 2.2 ‘ages 0.0 0.6 1.1 1.7 2.2 ages
0 62 53 58 52 558/ 562/ g7 57 80 76 68 74
'22 '48 63 56 70 6k 60 84 85 85 82 79 83
45 61 61 . 60 53 57 58 . 8 90 89 86 85 86
67 65 . 61 59 61 60 61 96 81 '90' 84 82 87
90 56 54 69 66 5k 60 80 83 81 85 87 83
3 Average 58 58 60 60 582/ 85 79 85 83 80
LSD (5%) :
l-/For mean comparisons
~ within the table N.S N.S.
‘ E/For trifluraiin or ‘
phorate means N.S 6.9

0¢



Table 5.

The effect of trifluralin, phorate,

on cotton shoot length 21 days after seeding (flrst and second

‘seedlngs)

and trifluralin-phorate comblnatlons

Shoot length (mm)

Phorate

First seeding

Second seeding’

| Trifluralin, kg/ha

'Trifluralin, kg/ha

— . — Aver- : Aver-
kg/ha 0.0 0.6 1.1 1.7 2.2 ages 0.0 0.6 1.1 1.7 2.2 ages
0 79 68 73 63 .67 702/ 108 79 o4 85 78 89
22 66 83 75 90 87 80 107 109 109 110 105 108
45: 'v83 .81 -78 77 77 79 101 117 = 117 108 117 112
67 85 77 83 77 80 80 123 111 - 118 108 106 113
90 76 70 92 82 71 78 99 106 103 122 123 111
Average 78 76 8 78 762/ 108 104 108 107 106
LSD (5%):
.L/For mean comparisons
within the table N.S. 19.7
2/For trifluralin or _
phorate means 7.5 8.8

154



Table 6. The effect of trifiuralin, phorate, and trifluralin—phorate combinations
: ' on cotton shoot dry weight 21 days after seeding (first and second
seedings) s : :

Shoot dry weight (mg)

First seeding ’ ' Second seeding

o . Trifluralin, kg/ha Trifluralin, kg/ha
~ Phorate - -

kg/ha . 0.0 0.6 1.1 1.7 2.2 ages 0.0 0.6 1.1 1.7 2.2 ages

Aver- . Aver-

o ehz 231 221 222 2708 2372/ 399 320 429 386 362 381
22 139. 224 196 224 239 204 283 291 27% 295 290 287
45 191 203‘ ‘203 ' 211\‘ 19é 201 2Ll 5244' 266 259' 283 259

 67 - 189 198‘.’191 184 196 190' 171 251 252 261' 255 238
90 161 '160 223 178 180 180 234 234 227 247 264 241

Average 184 203 207 20k 2162/ 266 270 290 290 - 291

LSD (5%):

~’For mean comparisons

within the table N.S. N.S.
'gE/For trifluralin or C , :

phorate,means ' » 25.5 . 20.8

4



Table 7.

The effect of trifluralin, phoraté9 and trifluralin-phorate combinations
on cotton root dry weight 21 days after seeding (first and second
seedings). B '

Root dry weight (mg)

Phorate

First seeding ' - Second seeding

: Tfifluraling kg/ha Trifluralin, kg/ha

‘ . CAver- , - AVer—
kg/ha - 0.0 0.6 1.1 1.7 2.2 ages 0.0 0.6 1.1 1.7 2.2 ages |
o 69 46 36 -~ 32 :35£/ : 2/ 109 73 52 36 . 29 62
22 36 52 47 sk 53 48 83 85 72~ 81 72 79
b5 k9 54 55 57 51 53 66 69 80 66 83 73
67 5k 46 50 51 48 50 68 70 69 - 77 68 70
90 ) 32 59 41 Lo L5 58 61 63 69 73 65
, ' L _— 2/ U S
Average 50 46 Lo L7 L= 79 72 67 66 65
LSD (5%):
_— or mean comparlsons . . .
within the table N.S. , | : 18.6
: E/For trifiﬁfalin or . ‘ o o
phorate means ' - N.S. ' . 8.3

€g



Tabie 8.

The

effect of trifluralin, phorate, and trifluralin-phorate combinations

on dry weight of cotton plants 21 days after seeding (first and second‘
seedings) . , .

Plant dry weight (mg)

2/

First seéding : Second seedlng
o - Trifluralin, kg/ha . o | Trlfluralln, kg/ha
Phorate — . — Aver- ‘ . Aver- .
kg/ha 0.0 0.6 1.1 1.7 2.2 ages ' 0.0 0.6 1.1 1.7 2.2 ages
0 311 277 . 257 254 3051/ 281 2/ 521 Lo2 - 481 422 399 Lig
ag 175 -276' '243 278 ‘ 292 T 252 366 376 346 376 362 366
4y - 240 257" 258 268 250 _254 310 313 3&6 325 | 366 332
67 ok3 24k 2kl 235 238 240 239 321 321 338 © 323 308
90 203 192 282 219 229 225 . 292 295 290 316 337 - 306
Average 234  249 256 251 2633/ 345 342 357 356 356
LSD (5%
l/For mean comparisons ‘ . . ,
- within the table N.S. , . - N.S.

Fdf'frifluralin or

phorate means o , ©32.,0 S Ny : 27.8

7S



Table 9. The effect of trifluralin, phorate, and trifluralin-phorateée combina-
tions on the number of lateral roots at O to 4 ecm region of cotton
root 21 days after seeding (first and second seedings).

Number of lateral roots at O to 4 cm region

First Seeding ' _ HSecond seeding

Trifluralin, kg/ha Trifluralin, kg/ha

Phorate’ Aver-

- e - e . _ — — Aver-.
kg/ha - 0.0 ~ 0.6 1.1 1.7 2.2 ages ~ 0.0 0.6 1.1 1.7 2.2 ages
o 22 1 1 1 11/ 2/ 96 1 o - 0o o0 5
S22 22 22 22 22 20 22 24 25 2l 21 19 23
L5 24 23 23 24 21 23 25° 23 25 23 24 ok
.67 22 23 20 20 23 - 22 . 2k . 25 23 25 o4 24
90 23 20 24 22 2.4 23 24 25 24 24 25 24
Average 23 18 18 18 18— ‘ 25 . 20 19 19 18
' LSD (5%):
L/Fbr mean comparisons
" within the table 2.9 , : 2.9
.E/For trifluralin or ‘ :
- phorate means ‘ 1.3 : ‘ . 1.3

1



Table 10.

‘The effect of trifluralin, phorate, and trifluralin-phorate combina-
tions on the number of lateral roots at 4 to 8 cm region of cotton

root. 21 days after seeding (first and second seedings).

‘Number of lateral roots at 4 to 8 cm region

First séeding

Second seeding

. . Trifluralin, kg/ha
Phorate —~ -

Trifluralin, kg/ha

. _ — - ———  Aver- — —— Aver-
“kg/ha 0.0 0.6 1.1 1.7 2.2 ages 0.0 0.6 1.1 1.7 2.2 ages
0 s 21 21 21 228 202/ 16 21 23 21 22 21
22 13 17 16 18 20 17 16 15 15 16 17 16
45 16 20 17 17 17 17 13 16 15 16 17 15
67 16 19 15 16 19 17 16 17 15, 16 16 16
90 15 11 18 18 16 16 15 16 15 15 15 15
- . . | 2/ S
Average 15 18 17 18 19— 15 17 17 17 . 17
U LSD (5%):
i/Fdr mean compérisons .
within the table 3.5 2.5
- 2/Por trifluralin or
phorate means . 1.6 1.1

9%



‘Table 11. The effect of frifluralina»phorate, and trifluralin-phorate combina-
: tions on the number of lateral roots at 8 to 12 cm region of cotton
root 21 days after seeding (first and second seedings). .

Number of lateral roots at 8 to 12 cm region

First seeding . Second seeding
o ' Trifluralin, kg/ha | . Trifluralin, kg/ha
. Phorate — s Aver- — Aver-
kg/ha 0.0 0.6 1.1 1.7 2.2 ages 0.0 0.6 1.1 ' 1.7 2.2 ages
o 9 15 1k 13 18 142/ 14 16 15 17 14
22 7 12, 10 12 11 10 9 10 8 10 10 9
45 - 10 13 11 12 11 11 7 10 10 9 9 9
67 11 12 10 10 13 11 . 10 10 10 .10 11 10
90 11 8 12 12 11 11 8 8. 9 9 10 9
. - : L2/ o . .
Average _lO 12 11 12 13— 9 10 11 11 1%
LSD (5%):
l/For mean comparisohs ‘ -
within the table 3.2 ' B 2.5
E/For trifluralin or : ‘
~ phorate means ) 1.4 ’ oo 1.1

LS



Table 12.

The effect of trifluralin, phorate, and trifluralin—phorate combina- -’
tions on the number of lateral roots at 12 to 16 cm region of cotton

- root 21 days after seeding (first and second seedings).

Number of lateral roots at 12 to 16 cm region

First seeding Seéond seeding

‘ _ . Trifluralin, kg/ha Trifluralin, kg/ha :
Phorate - . — . Aver- - Aver-
“kg/ha 0.0 0.6~ 1.1 1.7 2.2 ages 0.0 0.6 1.1 1.7 2.2 ages
) 2 5 2 R 2/ 3 .4 6 6 4
22 0 1 1 0 0 0 1 1 1 1 2 1
Ls. 0 2 1 1 0 1 1 1 1 1 2 1
67 1 1 1 0 1 1 2 1 1 1 1 1
90 1 1 1 1 1 1 1 1 2 1 1 i
Average 1 2 1 1 2/ 11 2 2 2
" LSD (5%):
. i/For mean.compéfisons ‘ , -
within the table N.S. A
_lE/For_trifluralin or : _ :
phorate. means 0.9 : ‘ 0.6

84



Table

13. The effect of trifluralin, phorate, and trifluralin—phorate'combina—

tions on the total number of lateral roots of cotton 21 days after
seeding (first and second seedings).

" Number of lateral roots

First. seeding

Second seeding

Trifluraling.kg/ha‘

Trifluralin, kg/ha

Phorate - — Aver- - Aver-
.kg/ha -~ 0.0 0.6 1.1 1.7 2.2 ages 0.0 0.6 1.1 1.7 2.2 ages
o L7 ho 38 38 '453/ 422/ 52 39 43 42 4s bl
22 :, %) 52 k9 52 51 49 50 51 48 58 48 L9
45 50 58 52 54 k49 52 46 50 51 49 52 49
67 50 55 46 46 56 51 52 - 53 49 52 - 52 >' 51
90 50 s 55 53 52 50 48 50 50 49 51 ko
Average 49 50 47 49 512/ 50 48 49 k9 48"

© LSD (5%):

i/For mean comparisons
within the table = 8.8

Q/Fdr trifluralin or
phorate means

3.7

508

2.6

66



‘Table 14. Portion of the analyses of variance of cotton'germina%ion
weight, root dry weight, _
‘root regions, and total number of lateral roots per plant
trifluralin-phorate combinations (first seeding).

plant dry weight,

number of late

o W ¢ | M PRV S

i -

60

5 shoot lengths at 14 and 21 days after seeding, shoot dry
ral roots at O to 4, & to 8, 8 t¢

12, and 12 to 16 cm of

; after treatment with trifluralin, phorate, and

Mean square

Shoot .

Plant

1
f
Lateral roots at

Degree Shoot Shoot Root . 3
o ~ of Germina- length length dry dry dry O tos 4 to 8¥ 8 to 12 12 to 16

Sourcerof_varlatlon freedom tion 1h days 21 days Welght weight weight cm cm } cm cm Total
Trifluralin treatments 4 5 .28 60 2553 57 2180 Q2% * L5 x* i} 32 * L 32
'Phorate‘treatmeﬁts_ L >’5‘ ;78 >'37?* 9255** 285 8067 1173** 5l * l 31%¥ 23** 338%*
Trifluralin x Phorate 16 4L -152 217 vzdso 389 3784 78%* 19%* } 13** 2 93*
Trifluralin, linear 1 2 4 1  7838* 46 6339 ~1900**  131** ? 91** 0 64
Triflﬁralin,nquadratic> 1. 1 ‘51 54 5888 12 361 128%** 2L x* E 5 1 13
Phorate, linear | 1 7 122 599* 32742+ 21 29622%*  246L4**  158%* E by = 3l 613%*
_Phorate, -quadratic 1 2 78 _667* 20&7_ 1069* - 80 1622%* 16 | ﬁ L% 36* * 673**
Triflufalin, linear x :

Phorate, linear ~ 1 4 -0 1 1541 1082% 11 bhs*x  23%% | 28% 1 108
Error. 72 3 100 136 11626 219 2561 L 6 | 5 2 37

 *Significant at 5% level.

. .f*Significant at 1% level.
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Table 15. Portion of the analyses of variance of cotton germination, shoot lengths at 14 and 21 days |after seeding, shoot dry
- weight, root dry weight, plant dry weight, number of lateral roots at O to 4, 4 to 8, 8 to|l2, and 12 to 16 cm of

root regions, and total number of lateral roots per plant|, after treatment with trifluralin, phorate, and
trifluralin-phorate combinations (second seeding). '

Mean square
i

3

Degree " Shoot. Shoot Shoot Root Plant : Léteral roots at
_ of Germina- length length dry dry dry . 0 to 4 4 tol8 8 to 12 12 to 16
Source of variation = freedom tion 14 days 21 days weight weight vweight cm cmﬁ. cm cm Total

. . : i
Trifluraiin‘treatments | L 2 156 - 45 v1566 ' . 686%*% ‘1556 “ 138%* 13*% 23** 5 * 15
Phorate.treatments ok o 2 S 539%* 206&** "62668**v 799%* 578k0**  1325%* 99*% 1o4**  35%x 1oy«
Trifluralin X Phorate 16 3 - 168 371* 1668 1372%* 3939 105**1 '6*5 EEE o Lxx 33%
Trifluralin, linear 1 6 9k | 6 1653 2291 ** 52 361%* 30*% '77** | 18** 0
Tfifluralin,‘quadratic 1 0 | 0 1 - 354 435 1574 - 135%* 7 L 5 0 - .54
Phorate, linear 1 : 0 '1035** L73h*x* _189851*¥ 20 193753** 3065%* 229%4 208** 7hx* 290%* *
Phorate, quadfétic B o 1100%* 3203** §7112%%  po1o 28907**  1735** 111%% 115 L6k 181*+*
Triflﬁfalihgliinear x f , . o b
Phorate, linear 1 ‘ 0 149 1612%* 807 12h10**  1954h** . 5h3*x 31*%  2hxx . 37 - 50
Error | 72 2 119 193 1080 e 1942 &4 3 e 1 17

*Significant at 5% level.

**Significant at 1% level.




Since~both'seedings.responded"similarly.tortri—;
fluralin,’phorate, and trlfluralln phorate comblnatlon

;treatments (Tables 14 and 15) predlcted Values_from the

second seedlng were. used for response surfaces (Flgs._2=ﬁfi;[“~”

to 5)

Average germlnatlon of‘cotton uas not affected by.-
.trifluralln,.phorate,.or,trlfluralln—phorate comthatlonslf'
(data were not presented).f:This agrees.with'research of:d;*
Arle (3), whozfound no differenCes:in seethemergence'amongtf
iftreatments of 5011‘1ncorporatedrcomblnatlons-of phorate“:l.

with’trifluralin; _ | |

Shoot lengths 14 days after seedlng may have been
-1ncrea5ed by 1ntermed1ate rate of phorate, but decllned :.;u
Cat the.hlghest rate (Table 4) Average shoot lengths of
plants from trlfluralln treatments alone were shorter, 55
and 70 mm, than those_from:phoratehtreatments alone, 58.
" and 85 mm for the first.and.seeondtseedings, respectively,i
(Table 4)f | R H BN |

There were signifleant differencesfamong differenti
treatments for shoot length measurements 21 days after_f,r
‘seedlng in the two. seedlngs (Table 5) =The average shooth7
,“lengths of trlfluralln treated pIants were about 68 and: 84
mm as compared to 77 and 108 mm- of phorate treated plants.wﬁ
for the flrst and second-seedlngs, resnectlvely. There
was a s1gn1flcant 1nteract10n between-trlfluralln and

phorate_treatments-inithe?second seeding“(Table lS)o%
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combinations (second seeding).
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Fig. 5*

Predicted response of total number of cotton
lateral roots, 21 days after seeding in soil-
incorporated trifluralin, phorate, and
trifluralin-phorate combinations (second
seeding) .
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In the preseﬁce of phorate, tfiflufalin%£reétéd planfs
were £a11errthan'thoserwﬁere'friflﬁfalinwwés pfesent
alone. | | ” |

.The feducfion-of éottoﬁnshoot,éfthh caused by
'trifluréiih'has:been“reﬁértéd byvotheré (l, 3, 93,36, 48,::;;1
66); Arle (3) found that’27weeks’aftefiémergeﬁce cott;h
plants in untreated éoil were significantly taller‘than;V 
those‘in trifluralin-treated:$0i1; gvanhoorbeeck and
Hamilton (66) have pointed out that trifiuralin treatments
reduced top growth of cétton°

Phorate significantly-reducédnshdot'dr&iweights inv
Both seedlings (Table 6). Trifluraliﬁifféatmeﬁts did not
reduce.éhoot Weights in both1séedings{' Héwever,:the
average shoot weights of_trifiﬁralinjffeated plahts'wére_
~less than thét of the:éontr§i pianfs'iniﬁofh-seédiﬁgs
(Table 6);;'The»predicted‘reépénse of.shbét weight to
triflurélin—phorate §bmbinétidns'shows:that'aé fhé:ratés'
~of phorate and trifluralin increaséd}ishoof Weighf de-
creased (Fig. 2). However,véhoot Weight'feduptioﬁ;in the.
trifluralinfphoréte'Qombinati§n Was'maihly due tovphorate
‘effects. The shoot Wéights"ofjﬁhorafé;freatments alone
~were about 170 and 253>mg co@pgfed to}235 and:376 mg bf,i
trgfluralin tfeatment§ alonetfgf»thgsfi%st aﬁd-seCShd
’seedings, féSpectiver (Table’é5o o

" The reductidn»bf shoofidry Qeiéhfs in-phorate;'

ﬁréated plaﬁts wés caused byvburhing of the co%yledons'dndf B
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true lga&es.(Fig. 6). ‘Phorate at rates of 22 and 45 kg/ha
used alone or in combination with trifluralin caused
mafginal burning and brownish spots on the leaves. Severe
bufning of the cotyledons and the true leaves was obéerved
at rates of 67 and 90 kg/ha phorate. -Phorate symptoms ﬁere
evident on cotyledons 9 to 12 days after seeding and at 14
to 17 days on true leaves.

Plants grown in tfifluralin;treated soil alone had
thickened_hypocotyls and cotyledons, eSpecially.those
treated with high rates of trifluralin, 1.7 and 2°2 kg/ha.

Thére'was a significént decrease in root dry weight
with increasing rates of phorate in the second but not in
"the first seeding (Table 7). Root dry weight declined
significaﬁtly with increasihg rates of trifluralin ih the
second, but not in the first s»eéding° ‘There was a signif-
dicant linear interaction.bétween'phorate and trifluralin
.in the secénd seeding. In‘the pfesence of phorate; the
root dry weightsvof_trifluralin—treated plants‘werergreater
théﬁ those of trifiurélin treatmentsraldne, Trifluralin
treatments produced lighter root weights; 37 and 48 mé,
than phorate tregtments¢>&5 and 69 mg for the first and
second seedings, réspectivély (Table 7). ‘The reductioﬁ of
V_éottOn root weights caused by trifidraliﬁ Wasvdirecfly~
éffeéted by the'réte of tfifidralin used. . The averages of
.both,seedihgs‘were 60, 44,'34, and'32 mg of roots prbd@ced

at 0.6, 1.1, 1.7, and 2.2 kg/ha of trifluralin,



Fig.

Cotyledons and true leaves of 21-day-old cotton
seedlings, showing spots and marginal burning
caused by phorate — A. Plants (left) grown in
soil treated with 22 kg/ha of phorate; (right)
plants grown in soil treated with 90 kg/ha of
phorate. B . Plants grown in soil treated with
90 kg/ha phorate plus 0.6 kg/ha of trifluralin.

69



70
- respectively. The low root weights obtained from |
trifluralin-treated plants were mainly attributed to the
inhibition of iateral.roots at the 0 to 4 cm region where
"~ the herbicide was incorpqrated in the soil. Phorate-
treated plants producéd thinner'latéral roots, eSpeciallf
at higher fates, than‘those obser&ed on‘the control plants.

Significant differences in plant weights Wefe
detected, mainly between phorate treatments (Table'B)?
DifferenceS-amoﬁg treatments were due maiﬁly to shoot .
Wéightso The predicted response of cotton plant root dry
weights. to trifluralin-phorate combinations was.similar.in
pattern to_thaf obtained in Fig. 2. That is, as the rates
of phorate ana trifluralin increasedg'plaht dry weights
decreasedg |

Number of lateral roots ih the 0 to 4 cm region of
.plénts gréWn in trifluralin-treated 'soil was significantly
less than thdse‘of éther treatments (Table 9). . There were
signifibant linear interactioné between trifluralin aﬁd
phéfate treatments (Tables 14 and 15). Plants grown.in
untreated, phorate-treated, or phorate—trifiuralin—treated
soil'produéed:abqut 24 1aterals‘whéfeas those in
,trifluralin—ffeated soil produced one_iéteral root ber
. pLant in the treated zone_of»soil in bofh.séedings.(Figo 7)0
The prediCtediresponse of number  of 1aterai1foots at 0 to L
cm region for the second.séeding:shows that Withfiqﬁ fatesi 

.of phorate -and higﬁ-rateé of frifluralin9 lower mnumber QfZT-



Fig.

T

C

Root systems of 2l-day-old cotton seedlings
A. Plant grown in untreated soil. B.iPlant
grown in 22 kg/ha phorate plus 0.6 kg/ha of
trifluralin-treated soil. C. Plant grown in
0.6 kg/ha of trifluralin-treated soil.

L
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laterals were produced (Fig. 3). Plants grown in éombina~i
tion treatments of high rates of trifluralin, 1.7 and 2.2
kg/ha, with relatively low rates of phorate, 22 kg/ha, |
produced short, abnbrmally thick, and 1ess'1a£eral'roots
in the treated zone (Fig. 8). However,'at-higher rates of
phorate, above 22 kg/ha, combination treatments with all
'frifluralin'rafes3 gavé an average of 23 laterals in the
treated zone, as compared to 24 latérals in.untréated soilor
Arle (3) has poiﬁted out that secondary root development in
the soil zone of chemical incorporation ﬁas less inhibited
by qombinations of phoraté with trifluralih that when
trifluralin was used alone.

There was a significant increase. in number of
lateral roots in the 4 to 8 cm region in trifluralin
treatments over thdse'in phorate'alone‘ofAphorate—
;trifluralin treatments (Téble 10). Plants grown in
triflurarinrtreated7soil had an average of 21 .and 229';"?:¥’
lateral roéts in the 4 to 8 cm rogt region as compared to
.ébout 14 and 15 laterals produced in phorate or phoratef
'trifluralin freatﬁeﬁts fbr the first and sécohdASeédingé5
fesPectivel&o The predicted.number of lateral_roots at
4; to 8 cm'région for the second»seeding shows that:the
“highest nﬁmbgr of 1ateral-r¢bts was produced.withitrif
- fluralin treatments aléne (Fig. 4), Similar results wefé!'
obtained with tﬁe.number of latérai roots at 8 to.l2‘cm

region (Table 11) . Significantly more lateral roots were
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The effects on lateral roots of high rates of
trifluralin combined with low rate of phorate
incorporated at the first 4 cm of soil -- A. The
soil was treated with 22 kg/ha of phorate plus

1.7 kg/ha of trifluralin. B. The soil was treated

with 22 kg/ha of phorate plus 2.2 kg/ha of tri-
fluralin.
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. ébtained in trifluralin treatments than in phorate or
phorate-trifluralin combination treatments. An average fof_
first and second seedings of about 15 lateral roots was
'produced by friflurélin—treated plants as compared to an
average'of about 10 lateral roots.produced by phorate or
phorate-trifluralin combination.treatments (Table 11). The
predicted number of.lateral roots at 8 to 12 cm region for
the secoﬁd seeding was similar to that obtained in Fig. L
where more 1atéra1 foots were produced in'trifluraliﬁ
treatments than those produced in phorate'treatments;

The_number.of lateral roots at 12 to 16 cm region
indicated thét trifluralin-treated plaﬁts>gave the highest
average number of lateral roots as compared to othef
treatm’ents.b(TabbleFlZ)° |

Lateral roots were found on the primary roots to
“a length'of_l6 cm. However, primary roots were found
loﬁger than 16 cm, and were cdiled and aqcumulatéd ét‘fhe
bottom of the potsar

Trifluralin-treated cotton séedlings produced more
léteral’roots at regions under-the.treated zone-of soil |
(Tables;lo, 11, and 12). “The inhibitory effect of tri-
" fluralin may be overcome by the plaﬁts, parfially,through
. production of more -lateral roots,thén normalé-below the’ |
'trifluraliﬂ;layeroV;Similar results_were'repérted-by
othérs (46, 66). HoweVer,'fhe increase in number of:deeper

lateral roots by trifluralin-treated plahts did not
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compensate for reduction in the root dry weights cagéed:by'
trifluralin treatmenfs (Table 7). =

| Trifluraliﬁ4treated plants in both seedings pro-
duced about 41 lateral roots per plént5VQOMpared to about
50 and 48 1atéral-roofs produced by control or phorate-
tréated plants, respectively (Table 13). The total number
of lateral roots prédibted for the sécond seeding shéws_
that more lateral roots were produded by confrol or phorate-
treated plants at:éll rates; than iﬁ trifluralin treatmentsir
(Fig. 5). However, at lower rates of phoraté and high rates
of trifluraiin, less lateral roots were'produéed°

Trifluralin, Phorate, and Their Combinations
in Culture Solutions

The éffects of’triflﬁralinggphorafe, and
trifluralin-phorate combinatiéns in'cultufe solutions
during,gérmingtion and'growth periods of cotton ére
- summarized in Tables 16 through 20,

Wheﬁ cotton seed$‘Were‘éermiqated for 3 dafs iﬁ
trifluralin;;phoréteyaﬁd triflﬁralin—phorate combinations,
then trénsferred and grown for é.déys in culture tubés
.qdntaining thgﬁsgméltfeatments»used'for germination, there
‘were nb significant'différeﬁQes among treatments in
germination:and'radiole-lengths,>3 daysvafter seéding
,(Tablé 16) . _HoweVer; highiy Sigﬁificantidifferences
Betﬁéen treatmeﬁts and radioie aﬁd}hypocotyl>iength§ wére-

.obsérved'7gdays after seeding. Radicle'elongations were



Tablefl6°- The effects of trifluralin, phorate, and trifluralin-phorate combina-
' o tions on cotton gérmination, radicle lengths, 3 and 7 days after’
seeding, hypocotyl lengths. 7 days after seeding, and the total number
of lateral roots -~ Cotton seedlings were germinated and grown for
7 days in the same solutions (average of two seedings).

‘Treatment ' : ' Length (mm)
— — o . ~ Lateral .
- Trifluralin  Phorate ' Radicle "Radicle Hypocotyl roots
. (ppmw) : Germination 3 days - 7 days 7 days . total
0 o - 1k B 48 148 . 103 32 -
5 o - 13- . b7 60 75 1
15 0 15 55 61 66 0]
0. 10 - 15 L2 126 79 34
0 - 50 - - .13 37 113 . 82 30
5 10 : 14 31 - 55 57 -7
5 50 L 13 . Lo - 89 - 73 20
15 10 ' - 15 39 - A7 57 - 0
15 50 13 - 39 54 60 | 9
LSD (5%): N.S. . N.S, 18.9 18.6 k.9

9L



-A Téblé 17, Average germination and radicle lengths of cotton after 3 days in
o nutrient solution, 5 and 15 ppmw trifluralin, or 10 and 50 ppmw
phorate solutions_(average of 27 replications in two seedings).

Chemical solutions in which seeds were
' germinated for 3 days

. " Nutrient - " Trifluralin (ppmw) Phorate (ppmw)

Factor‘ solution 5 : 15 10 50
Germination | 1k 13 13 13 1k
Radicle length (mm) ' 3k 31 _ 30 32 36

Ll



Table 18.

v The effect of Lk-day: treatments of trifluralin, phorate, and

trifluralin~phorate combinations on radicle lengths of 3-day- -o0ld
cotton seedllngs ~= Seeds were germinated for 3 days in nutrient
solution, trifluralin or phorate solutions, and transferred and
grown for 4 days in different trifluralin and/or phorate solutions

(average of two seedlngs)

Three day -old seedllngs7

Radicle lengths (mm)

Chemical solutions in-which'seeds were
germinated for 3 days

were grown for 4 days in ' ' Trifluralin (ppmw) Phorate (ppmw)
Trifluralin " Phorate Nutrient . —m -
(ppmw) (ppmw) solution 5 : 15 10 50
o - 0 ' 128 ‘ 153 ‘ 103 113 153
5 0 . 58 79 56 b1 72
15 0 L6 L7 39" Ll 50"
O 10 103 127 118 ' 130. 141
0 50 . 89 . 97 99 100 118
5. 10 , ‘ 60 75 - 83 72 80
5 50 62 112 90 - 112 107
15 10 39 59 Ll 4o 43
15 50 . 60 - 61 - 71 - 57 58
LSD (5%): 28 .4 31.2 28.7 27.9 23.9

8L



Table 19. The effect of 4-day treatments of trifluralin, phorate, and
- trifluralin-phorate combinations on hypocotyl lengths of 3-day-old
cotton seedlings —-- Seeds were germinated for 3 days in nutrient
solutions, trifluralin or phorate solution, and transferred and
grown for 4 days in different trifluralin and/or phorate solutions
(average of two seedings).

Hypocotyl lengths (mm)

Chemical solutions in which seeds were
germinated for 3 days

Threefday-old'seedlingsﬁ

were grown for 4 days in ‘ Trifluralin (ppmw) Phorate (ppmw)
"Trifluralin - . Phorate Nutrient — - -
(ppmw) - (ppmw) - solution 5 ) 15 10 50 .
0 o 76/ 58 52 68 81
5 0 o 72 69 : I51 72 71
15 0 54 ' 61 : 43 7h 70
0 10 ' 68 67 - ' .53 69 70
0 50 59 59 53 64 69
5 10 . 60 53 50 ' 58 73
5 50 ‘ . 52 60 - - 48 ‘ 71 61
15 10 - - 58" 53 _ Lt - 60 - 62
15 . 60

50 - 63 48 o kg 52

»fL/No significant differences among treatments .

62



Table 20,

The effect of k4-day.

trifluralin-phorate

treatments of trifluralin, phorate, and
combinations on the total number of lateral. roots

of 3-day-0ld cotton seedlings -— Seeds were germinated for 3 days in

nutrient solutions,

phorate solutlons (

trifluralin or phorate solutions and transferred

- and grown for 4 days in different solutions of trlfluralln and/or

average of two seedings) .

‘Number of lateral roots

Three day -old seedllngs9

Chemical solutions in which seeds were
germinated for 3 days

were grown for 4 days in Trifluralin (ppmw) Phorate (ppmw)
Trifluralin Phorate: Nutrient
(ppmw) (ppmw) solution. 5 15 10 50
o - 0 31 : 37 15 ' 30 - 33"
5 0 b 1 0 0 7
15 0 1 1 ' 0 0 4
0 10 31 : 30 : 29 30 32°
0 50 32 30 27 27 34
5 10 7 - 6 : 2 ' 9 17
5 50 20 34 20 24 28
15 10 3 3 : 3 1 6
15 50 16 16 7 15° 1k
LSD (5%): 9.6 . 8.8 - 8.8 7.6 6.1

09
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‘greatlyhreduced'by trifluralinland frirlﬁfaliﬁ;phofatéJ
;ComhinationsF 1ongest;radielesnnere produeed-by plants'r
germlnated and grown 1n nutrlent solutlon (control) or in
10 and 50 ppmw phorate;: Hypocotyl lengths 7 days after'
seedings -were taller in control and phorate solutlons than
those in.trifluralin~phorate-comhinationsoA Growth of
lateral roots was greatly 1nh1b1ted by trlfluralln used -

~ alone or.in comblnatlon w1th the low rate of phorateoA‘Of_

,the combinatlon treatments used trlfluralln at 5 ppmw with .

phorate at 50 ppmw produced more lateral roots than other
combinations . However,.the.hlghest number of laterals (Aﬁ-ii’
average of 32 laterals) was‘produced b& plantsrgrown 1n
oontrol or‘phorate solutlons (Table 16) H

Data‘summarizing the effeots of-nutrient solutionslf:’
trifluralin;:and'phorate:treatments‘durlng_the ge?minationu: :
neriod (3 days) on subsequentvgrowth'are;éiVen in Tables.
17 through 20} The auerage_germinatlon'and radiCle'lengths'f.
" of oottonkafter 3 daysflnrnutrlent:solution,lB and 15 ppmﬁ»}}
trifluralin-or>ld andiSO ppmwrphorate,‘are_presentedfin B
, Tablel?° There.were no'dlfferenees betueenutreatments
1n germlnatlon or radlcle lengths°~t A

Radicle lengths 4 days after transferrlng of 3~ day—?n
old- seedllngs to trlfluralln and/or phorate solutlons were
51gn1f1cantly affected by treatments (Table 18) However9'
:cotton seeds germlnated for 3 days An nutrlent or phorate
-'solutlons dldvnot overoome’the 1nh1h1tory effect of.
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trlfluralln on radlcle elongatlon° Germlnatlon of cotton

:'seeds for 3 days in 5 and 15 ppmw trlfluralln d1d not

1nh1b1t radlcle-elongatlon of those seedllngszwhlch were~rif?~

transferred and grown for 4 days in nutrlent or phorate L

solutions (Table 18).

Hypocotyl measurements, Q’days afterntrensferring'
of 3-day- ~old seedllngs to trlfluralln and/or phorate solu—znd
tlons showed no 51gn1f1cant relatlons between treatments_ :
and hypocotyl lengths (Table 19) Hoﬁe&er,-tne germlnation;;tiu
of cotton seeds for 3 days in trlfluralln solutlons pro;}'
“duced shorter hypocotyls (eSpeolally 1n 15 pme) than thosei;i.

germinated in other solutlons°

There were‘s1gn1f1cant dlfferences between treatn,i;‘:-
-‘ments in-total’number of lateral roots (Table;ZO). Lateralf;{
roots of cotton.seeds germlnated for 3‘da§s 1n-nutr1entl_;"t=’
" solution were inhibited by trlflurailn solutlons alone andrg
in oomblnatlon»W1thAlowtrate'ofvphorateAdurlngAthe growth-

‘ periodo"Seed germination in'5:ppmw:trifinreiin‘did noti
increesersubsequent injuries»by.eprSure tojtriflurelinﬁor?;;
affect the growth of,seedlingsngroWntin nntrienttordﬁ
.phorate;solutions,-rﬂoﬁever; seed germinationifor 3.deys'

'in.15 ppmn:triflurnlin reduoedrthe'growth of:iaterelirootsi;if'
in the control more'then those:grownﬂrnbphorete,soiutionﬁ
:-iThis-response may iﬁdid&te;tﬁewimpért;ﬁcéAbfftne pféséﬁéefff:i"
ofdphoratelto.overoome‘triflureiin g£§&there£;fdiﬁg“éffecf,ff'

Germination,in.phorate lO:ppmwfforf3Qdeys'did;not'overcomefi}ﬂz
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lateralirootdlnhibition;by:trlfluralln;fiHoweVer; wnenltt
'cotton seeds'ﬁere gerﬁinated fornjtdafs,in1501pnmw”phorate;;??
@ore'lateral roots were;produeed and-ln'allltnorate'and/ort
trlfluralln-treatments;t:This reSponseAwasfsimllar to;that_l
observed with plants, grown i.n i5'~ppmw"tri-figfal-in';ndﬂ"'
transferred to phorate solutlons Where lateral roots'i'l
_growth was greatly encouraged (Table 20) |

| Data collected-on number of lateral'roots‘athfto
2, 2 to 4, and é tob6 cm reglons of;plants:érown,inttri—'»
fluralin,.phorate, and trlfluralin;énorate'eomtinations'fd
were.notvnresented; There nere éignifica££;di:gerea¢§5fi'
between treatments letthe numberaof lateral roots atralla'
rogions. | | |

| ‘Cnemical treatﬁentsnduring;the firstWBEdays‘of
growth were- not crltloal in affectlng the subsequent
seedllng growtho Treatments in. the follow1ng 4 days
determlned the growth response to trlfluralln, phorate;-and'i
trifluralin-phorate combinations (Tables 18 through 20)°

| Radlcle (prlmary root) elongatlon and number of
lateral roots in trlfluralln and trlfluralln phorate
combinationsvwere greatly reduced, ;conpared to.those growndigl

in. nutrlent or phorate solutlons (Flng 9 and lO) - How-

ever, radlcle lengths 7 days after seedlng of plants grown e

- or transferred to 50 ppmw phorate solutlons were . shorter

(Table 18) w1th some of thelr lateral roots thlnner than o
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"those produced by plants grown in nutfienf:or 10 ppmw
phoréte solutions.

During germinatién and growth periods, swelling of
the hypocotyls and thickening of radicles were typical of
plants grown iﬁitrifluréiin éolutions.aloné and in combiné—
tion with phorate (Figs. 9 and 10), except in the combina-
tion treatment ofv5 ppmw trifluralin plus 50 ppmw phorate
(Fig. 1OB)° xHoWever, the most obvious external effects of
trifluralin alone and in combination with low rate of |
phorate, 10 ppmw, was the swelling of the root tip (Figs.,

9 and 10). Similar effects of trifluralin alone on rqot
tip was observed by others (6, 26) .

-Lateral roots producedAby plants grownrin treatment
solutions other than nutrient or.phorafe were éenérally
short‘and>thick (Figs? 9 aﬁdiio), ,These'laterélrroots were
5 to 20 mm lonévcompared to 25 to 50 @m'or_longer for
lateral rbots'ﬁn plants growﬁ-in nufrient or phorate solu-
tions. Lateral roots when present in 5 and 15 ppmw tri-
fluralin solutions of 15 ppmw triflufalih combined with
lO'ppmw phorate (Figs, 9 aﬁd 10) were Very_éhort and
abnormal; - Many of these 1atérals'were mereiy stubs with
fhickened[baSes,iwhileﬁothers were very thick and usuaily
with swo1ién_tips,"

The time of the appearance of lateral roots oﬁ the
‘~surfaée.of the:priméry r6ots was not thé ééﬁe ih.allitreat~

ments. Lateral roots were observed first on control or
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'phorate—treated plaﬁts about 3-1/2 days after seeding,
whereas no 1ateral.roots wére observed before the end of
the fifth day in trifluralin alone or trifluralin plus
ﬁhbrateﬁtreatmentsb

The number of laferal roots produced in
trifiuralin-phorate combinations (Tables 16.and 20)
increased with increasing ratio of phorate to trifluralin.
The combination tréatments of-lO/lS, 10/5, 50/15, and 50/5
ppmw of phorate/trifluralin, produced an average of 3,78,
13, and 25'1ateral:roots, respectively.‘ The relation
between number of lateral roots produced andkthe ratio of"
phorate to trifluralin is‘illustrated in Fig. 11. In the
- greenhouse, with high rates of trifluralin, higher rates of
phoraﬁe were required to overcomebthe effect_of trifluralin
in the‘treated zone. The lowest rate of phorate'uSed in
the greenhouée’study3 22vkg/ha, when combined with high
ratesvof‘trifluralin, 1.7 and 2;2_kg/ha,rgave poor lateral
root growthA(Fig. 8).
| In the‘greenhouse, trifluralin arrestéd-the

development ofblateral roots in the tréafed zéne, but did
not affect the elongation of the primary roots (Table 12).
In fhe,growth chémber,beiongation of primary roots B
(radicles) treated withiS and 15 ppmw trifluralih»SOlUtions
- ‘alone and in combinatioﬁ’With 10 .and 50 ppmw phorate was
'redﬁced-and.almOSt'céaééd'after L fd-s days. Theée differ~.

ences probably resulted from differences in the rate, .
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The influence of ratio of phorate to trifluralin
on the number of lateral roots produced by 7-day
old cotton seedlings grown in solutions of
phorate-trifluralin combinations.



89
physical properties of the media, and method of application
of the herbicide.

Trifluralin and Organophosphorus Compounds
in Culture Solutions

There were significant differences between treat-
ments of trifluralin, 0. P. C., and trifluralin-0. P. C.
combinations iﬁ germination, hypocotyl lengths at 3 and 7
days after seeding (Table 21), rédicle lengths at 3 and 7
days after seeding (Table 22), and lateral roots at 0 to 2,
2 to 4, and & to 6 cm regions, and total number of lateral
"roots (Table 23).

Most of the 0. P. C. reduced seed germination
cohpafed to cohtroi (Table 21). Hoﬁever, in the presence
,of trifluralin at ‘5 and 15 pémw O;_P° C. 5 and 15 reduced
germination more thaﬁ when used élohe°

Some of the 0. P. Cq_uSed alone or in combination
with trifluralin reduced hypocotyl lengths 3‘days after
seeding;' Seven days after seeding, some combinations of
0. P, C. with 5 or 15 ppmw trifluralin caused shorter
hyp;cotylé than those ﬁroduced in O. P. C. alone; such as
0. P. C. 4y, 5, 9, 12, and 15 (Table 21).

._Some 0. P. €. caused Visibie injury to cotton
seedlings} Marginal4burniﬁg of cotyledons was observed in
plénts grown iﬁ'O° P; C. 2 and»5;> Cotyledonary expaﬁsion
was -greatly reduced>énd Séyére»burﬁing’wasquservéd in; 

plants grown in O. P. C: 5 in combination with 15 ppmw



- Table 21. The effect of trifluralin, organophosphorus compounds, and trifluralin-
organophosphorus compound combinations on cotton germination and

hypocotyl lengths, 3 and 7 days after seeding (average of two
'seedlngS) . _

Hypocotyl length (mm) Hypocotyl length (mm)

Germination : 3 days 7 days
Organophosphorus Trifluralin, ppmw  Trifluralin, ppmw Trifluralin, ppmw
compounds . — — '
at 100 ppmw 0 5 15 0 .5 15 .0 5 15 -
None 15 - - 35 - - 83 - -
None : - 12 - - 23 - - 43 -—
None ' - - 13 - -- 27 - - 66
1 11 10 12 29 38 29 54 68 48
2 15 14 15 39 50 25 - 76 75 31
L 11 10 10 39 29 33 : 86 54 63
5 - "~ 15 11 12 50 37 Lo 80 54 55
6 12. 14 11 21 35 28 L5 63 52
7 14 11 15 L3 36 29 60 48 47
9 - 10 10 10 37 13 . 28 82 29 58
10 ’ 10 9 10 - 9 33 26 23 63 59
11 10 10 10 24 23 21 54 59 43
12 . 15 16 15 43 27 33 96 73 .. 68
15 .15 .10 12 33 35 26 - 68 72 k7o

LSD (5%): - : 1.9 | 13.7 o | 20.6

06



Table 22.  The effect of trlflurélln, organophosphorus compounds9 and trifluralin-
o organophosphorus compound combinations on cotton radlcle lengths 3 and
7 days after seedlng (average of” two seedlngs)

‘Radicle length (mm) | Radicle length (mm)

3 days : ) 7 days
Organophosphorus ' Trifluralin, ppmw - Trifluralin, ppmw
compounds: - : ' —
at 100 ppmw - 0 5 15 ' 0 5 - 15
None ' © 33 -- -- 100 -~ -
. None : - 27 - - Ls -
None - - Ly - -- 51
1 ‘ ' \ 32 33 - 38 81 Lo -~ 48
2 46 b7 35 63 53 L3
L : . 35 26 .35 83 38 43
5 : 43 35 Lo - 47 Lo 47
6 . 18 L 33 23 48 Lo
7 52 38 L2 _ . 58 46 L7
9 - 27 12 . 33 . 109 17 38
10 13 . 38 28 17 Ls S |
11 T 1k 19 23 38 28 30
12 : 51 42 51 ‘ 115 51 59
15 : 220 33 . 21 o 61 43 38
LSD (5%): N 16.5 : 20,2

" 16



~Table 23.  The effect of trifluralin, organophosphorus compounds, and trifluralin-
organophosphorus compound combinations on the number of lateral roots
at O to 23 2 to &, and & to 6 cm regions and total number of lateral
roots (average of two seedings).

Lateral roots Lateral roots Lateral roots y '
at 0 to 2 cm at 2 to 4 cm at & to 6 cm - Total lateral
' region region ' . region - roots
L . Trifluralin, =  Trifluralin, . Trifluralin, Trifluralin,
Organophosphorus L " ppmw : ppmw - . ppmw ' - " ppmw
" compounds : ; ; ‘ - : :
~at 100 ppmw .0 5 15 0 5 15 0O 5 15° 0 5 15
" None - 13 - == 6 —= == 6 == —- 25 —- —-
None - 0 == B ¢ B - 0 - -— 0 ==
None L e e 0 - - 0 - - 0 —— - 0
1 ' 10 L 0 10 [o) 0] 6 0 0 26 4 0
2. 13 0O 0 9 0 0O 3 0 0. 25 0 0
L 10 5 1 L o] 0o - 1 0 0 15 "5 1
5 14 0 0 8 0 0 2. 0 0 24 0o 0
6 9 o 0. 2 0 0 0 0 0. 11 0 0
7 7 0 0 0O O O O O O 7 0 0
9 15 1 0 9 0 0 1 0 0 25 1 0
10 9 0 0 2 0 0 0 0 0 11 0 0
11 9 3 0 6 0 0 0 O O 15 3 0
12 12 6 3 70 0 6 0 0 26 6 3
15 10 3 1 .3 0 0 0.0 0 13 3 1
LSD (5%) : : o 3.4 1.9 1.9 L.9

26
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trifluralin. Similar symptoms were observed in preliminary
studies with 0. P. C. 8 when used at the rate of 50 ppmw
alone énd-in combination with'trifiuralin.

Most of the O. P; C., alone.and in combinationrwith
trifluralin at 5 and lS:ﬁpmws reduced radicle lengths,
espépially 7 days after seeding (Table 22). HoWevef,
cotton seedlings grown for 7 days in O. P. C. 9 and 12
alone.produqed longer radiples than seedlings grown in
controlrtreatments'° |

The most ébVious external effect of trifluralin
" treatments alone and in combination ﬁith 0. P. C. was the
swelling of root tips. None of the O. P. C. alone Qaused
swoilen root tips.

The O. PQAC.‘(except,Q and 12) used in cqmbinaﬁion'
with trifluralih_did not overcome the inhibitory effect of
trifluralin on laterél’rootsg even at the 5‘ppmw rate
(Table 23).. Plants grown in 0. P. C. 6, 7, 10, and 11
alone_reducéd the growth of lateral roofs when cOmparedrto
the éohtrol‘or other 0. P. C. (Table 23). Whén used in
combination with tyifluralin at 5. and 15 ppmw rates,

O,VP. C. 6 and 7iincreased root injuries. With theSe
combiﬁatiqns primary roots]were'blackiéh'with dark root’
tipsf' Similarjresulté were thained:in preliminary studies
' Wifh:0ﬁ'P°-C,.3,'8, 13, and 14 when used at rate of 50

‘ppmw in combination with trifluralin.



9k

The 0. P. Co-which produced harmful_effects'on
cotton seedlings, when used alone or in combination with
trifluralin, contained one or more;atomé of a halogen.
Organophosphorus compounds 3, 5, 6,.7, and 8 contain
chlorine, 0. P. C., 13 contains iédiné, and 0. P. C. 1k
contains bromine (Table 1). |

lPlants grown in 0. P. C. 12 (Dipropylmethyléne
cyanophosphite) produced better growth than those of other
0. P. C. (Tables 21 through 23). In preliminary studies in
the greenhousé, this compound was tested. When used aloﬁe,
lnofmal primary and lateral roots were produced. In’
'combinatioh with triflurqlin,‘somejlateral roots were
observed»in the treated zone of the soil 3 weeks after
. seeding. Séedlings grown in O, P. C. 12 at-gate of lOb
pﬁmw alone and in éombination_with 5 ppmw trifluralin gave
a better growthiand produéedrmore,létéral roots thap other

0. P. C. (Tables 21 through 23).

TAA, Kinetin, and Trifiuralih Study
In Experiment 1, there'wefe Significant differenées
in radiclé lengths at 3 aﬁd.? days-éfter seéding, hypocotyl
lengths at 7 days after seeding? and total numbervof
léteral roots, butinotiwith_germiaation:éfter’treét@ent,
swith frifluralin, TAA, kinetin, and their Combinations»_v
'(Table 2k) . Data qoliected oh»hypocotyl{lengthsvat 3 days

~after seeding and number of lateral roots at O to 2, 2 to 4,



Table 24. The effects of trifluralin, IAA, kinetin, and their combinations on
o cotton germination, radicle lengths 3 days after seeding, radicle and
hypocotyl lengths 7 days after seeding, and total number of lateral
roots @Experlment i, average of two seedings).

Length (mm)

Treatment (ppmw) . : — Lateral
v . o L .Radicle Radicle . Hypocotyl roots
Trlfluralln TAA Kinetin = -Germination 3 days 7 days 7 days " total
0 . o 0 15 .. 48 129 96 .30
5 o) 0 15 ‘ 46 52 80 2
15. 0 0 16 53 57 - L6 1
0] 5 0 15 : 28, 59 - 53 . 21
0 10 - 0 14 ' 30 48 73 27
5 5 0 15 k7 50 80 1
15 5 0 15 36 37 . 63 . 1
5 10 0 - 14 23 ' - 25 58 1
15 10 0 13 : 23 25 48 . 0
0 0 - 0.5 15 e} . 117 75 25
0 0 1.0 16 - 51 71 76 - 18
5 0 0.5 14 : 36 43 53 2
5 0 1.0 15 ' 48 © 52 62 ‘ 0
15 0 0.5 15 52 . 54 63 1
15 0 1.0 16 | 51 - 58 61 ok
0 10 0.5 ‘15 37 46 63 30
0 10 1.0 14 31 36 43 20
0 5 . 1.0 15 . 13 19 4s 6
5 10 ‘0.5 14 36 » 41 47 12
5 10 ‘1.0

13 28 29 - 39 7

1)



Table 24.--Continued

5 0.5 .13 26 33 59 7
5 5 1.0 15 29 35 62 6
~LSD (5%): N.S. - 12.0 13.9 16.6 4.5

96
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and & to 6 cm regions were:not presented; There were
: srénlflcant dlfferences between treatments and Tnumber of
lateral roots at all reglons but not w1th hypocotyl lengthsl
at 3 days after seedlng°
| The comblnatlons.of IAA, klnetln, and trifluralin
reduced hypocotyl and radlcle lengthso,‘SOme’combinations'
such as 5/1.0 ppmw of IAA/klnetlnj- /lO and 15/10 ppmw - of
trifluralin/IAAérand 5/10/1:0, 5/5/0.5, and 5/5/1.Q.ppmw
of trifluralin/IAA/kinetinbresPectiwely, reduced'radicle.'
1engths more than treatments‘with.trifluralin aibne
(Table 2h) . |
IAA or klnetln 1n comblnatlon wdth trlfluralln had
no marked effect on lateral-root growthv(Table 24). How—l"
ever, when IAA_and kinetin;were added to.trifluralin
treatments, lateral roots were produceda
In Experiment 2 where 12 coﬁbinations'of
trifluralin/IAA/kinetinawere studiedr'thererwere signifi-
cant - dlfferences among treatments in. seedllng radlcle
lengths 3 and 7tdays afteri__seedlng9 hypocotyl lengths 7
days after seeding, and total number of 1ateral roots, but
.not with germination.(Tabie 25) . There\were significantr'
dlfferences between treatments :ﬁl number of lateral roots .
at 0 to 2 ) 2 to 4 b to 6 cm reglons but not with hypOCOtyl.
B lengths at 3 days after seedlng (data were not presented)
| ) The comblnatlons of trlfluralln/IAA/klnetln

generally produced shorter hypocotyls 7 days after seedlng



Table 25, The'effects of twelve different combinations of trifluralin, IAA, and

o kinetin on.cotton germination, radicle lengths 3 days after seeding,
‘radicle .and hypocotyl lengths 7 days after seeding, and total number of
lateral roots. (Experiment 2, average of two seedings).

Length (mm)

Treatment (ppmw) - Lateral
. — : : Radicle  Radicle Hypocotyl roots
Trifluralin TAA Kinetin Germination 3 days - 7 days 7 days total
0 0 0 15 57 123 85 28
5 - 0. .0 Th 4o L7 - 68 0
-5 5 0.5 13 26 36 50 8
5 - 10 0.5 14 ‘ 33 - 49 53 17
5 15 0.5 13 : 37 Lo 71 12
5 - 20 0.5 14 30 34 48 ‘ 17
5 25 0.5 13 13 ' 18 12 - 6
5 .5 1.0 12 30 ‘ . 36 L9 7
5 10 1.0 14 33 38 61 11
5 15 1.0 13 38 ko 60 7
5 20 1.0 14 28 33 4s 18
5. 25 1.0 15 - 30 34 37 - 14
. LSD (5%): ‘ : ‘ N.S. ' 8.5 12.7. 13.6 6.8

86
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1than those obtalned 1n the control or 1n trlfluralln treat_ﬁﬁ,cw

ments . (Table 25) - At rate of 25 ppmw, IAA 1nAcomb1natlon

",_Wlth O 5 or 1.0 ppmw klnetln 1n»the-presehceoof Shppmw :

trlfluralln greatly reduced hypocotyl lengthsorrRadicle»i;
1engths, in general, were more reduced than hypocoty]v
'lengths 7 days after seedlngq _ vd ‘ ‘ .
- | All comblnatlons of trlfluralln at 5 ppmw Wlth IAA
'at 5 to 25 ppmw together with klnetln at O 5 and l O ppmw
.had encouraged 1ateral roots formatlon (Table 25) :
Four comblnatlonsvof trlfluralln/IAA/klnetln used
hln Experlment 2 were selected for further study,- These:t
comblnatlons were 5/10/0 5, 5/20/0 5, 5/10/1 0,~and
‘5/20/1 O ppmw of trlfluralln/IAA/klnetln, respectlvelyo.fﬁ
7Root growth ofvcotton seedllngS’ln‘these comblnatlons, T;
compared to 5 ppmw trmfluralln is shown“rn Fig.~12;?.-'
Wlth the comblnatlon of 5/20/0 5 PPmW of |
«:trlfluralln/IAA/klnetln, there were.no Wlde dlfferehces
Vbetween treatmehts JJL germlnatlon.aud_hypocotyl and e
dradlcle lengths (Table 26) ‘Theréfw;é aniincreaseiinathe."
Vnumber of 1ateral roots (from 1 to 17) mith’increasingr:”
rates'of-IAA and:kinetin‘in~the»samemratio,andiih;the
'hpresence of 5 ppmw- of trlfluralln,?iéi 7 )

Wlth the. comblnatlon of 5/10/0 5 ppmw of

'.h1tr1flura11n/IAA/k1netln, respectlvely, there were some

‘dlfferences among treatments in Seedllng growth and number

-~ of lateral roots (Table 27) ,However, dlfferences in the.f_ﬁ






v~ Table“26°

The effects of the combinations
1 to 40 ppmw, and kinetin at range of 0.025 to 1 ppmw on cotton
.germination, radicle lengths 3 days after seeding, radicle and

hypocotyl lengths 7 days after seeding,

of 5 ppmw trifluralin, IAA at range of

roots (Experiment 3, average of two seedings).

and total number of lateral

Treatment (ppmw)

' ﬂéngth.(mm)

Lateral

‘ i _ Radicle Radicle Hypocotyl  roots
Trifluralin TAA Kinetin Germination. - 3 days 7 days 7 days total
5 1 0.025 12 30 Lo 61 1
5. 10 0.250 .10 23 37 50 8
5 20 0.500 11 20 32 46 10.
| 5 30 0.750 13 4o 5 60 12
o5 “4o . 1.000 14 36 ko 50 17

TOT



‘Table 27.

‘1 to 20 ppmw,
.germination,

radicle and

'The effects of the combinations of 5 ppmw trifiuralin, IAA at range of
and kinetin at range of 0.05 to 1 ppmw on cotton
radicle lengths 3 days after seeding,

hypocotyl lengths 7 days after seeding, and total number of lateral
roots (Experiment 3, average of two seedings).

. Treatment (ppmw)

Length (mm)

, Lateral
. - - v Radicle Radicle Hypocotyl roots
Trifluralin .. IAA Kinetin Germination 3 days .7 days 7 days total
5 1 0.05 11 23 70 48 7
5 5 0.25 15 28 47 L7 5
5 10 0.50 12 20 30 34 9
5 15 0.75 13 24 30 48 1
5 20.. 1.00 14 30 40 60 8

cOT
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‘ numbér of lateral roots were not consistent between treat—A>
ments with increasing rates of IAA and kinetin of the same
ratioo

With the combinatién of trifluralin/TAA/kinetin at
-5/20/1.0 pﬁmw, respectively, there were differences among
treatments, particularly in radicle lengths and number of
lateral roots'(Table 28). However, differences in the
~number of lateral roots were not Veryrconsistent-bétween
treatments with increasing rates of TAA and kinetin.

‘With the combination of trifluralin/IAA/kinetin at
_5/16/1.0 ppmw, respectivély, there were no Wiae differences
among treatments in seedlihg radicle lengths at 3 and 7
days after seeding; however, there were differences among
treatments in hprcotyl 1eﬁgths at 7 days after seeding,
-and number of lateral roots (Table 295, There was an
~ increase in numberAQf 1atéral roots (from 2 to 20) with
increasing rates of TAA and‘kinetin at the same ratio in
the presence of 5 pp@w triflufalin.

| In Experiment Lk, four of the moSt.pfbmising
combination treatmenté of trifluralin/IAA/kinetin found in
Experiment 3'weré tested at higher'rates of frifluralin,
10 ana 15‘ppmw, and in ‘all possible combinations ﬁith TAA
and klinét'in (Table 30). |
o 4-'Therelwas é significant relation between treatments
and'radicle‘leﬁgths 3 and 7 days éfter seeding, hypocétyl

lengths 7 days after seeding, and total number of lateral



. Table. 28.

The -effects of combinations of 5 ppmw trifluralin,

JAA at range of 1 to

4o ppmw, and kinetin at range of 0.05 to 2 ppmw on cotton germination,
radicle lengths 3 days after seeding,
days after seeding, and total number of lateral roots (Experlment 3,
average of two seedlngs)

radicle and hypocotyl lengths 7

Treaﬁment (ppmw)

'Leﬁgth (mm)

Lateral:

» e . Radicle Radicle Hypocotyl = roots
Trifluralin TAA Kinetin  Germination 3 days 7 days 7 days - total
5 1 0.05 é' 21 70" Ll 9
5 10 0.50 11 20 30 40 8
5 20 1:00 13 35 35 60 13
5 30 1.50 9 5 50 60 7
5 40 2.00 12 30: 35 4o 24

70T



 Table 29.

The effects of combinations of 5 ppmw trifluralin,
20 ppmw,

TAA at range df 1 to

and kinetin at range of 0.1 to 2 ppmw on cotton germination,
radicle lengths 3 days after seeding,
days after seeding, and total number of lateral roots (Experlment 3,

average of two seedlngs) o

radicle and hypocotyl lengths 7

Treaﬁmehf (§me)

Length (mm) "

‘Lateral

_ : — —- _ . Radic¢le  Radicle Hypocotyl  roots
Trifluralin = IAA Kinetin  Germination . 3 days7* 7 days .7 days total
“5_ 1 0.1 14 25 4o 75 2
5 5 0;5‘ 12 20 Lo 60 - 6
5 10 1.0 13 25 30 50 7
5 15 1.5 il 30 45 60 10
5 20 2.0 10 35 40 4o 20 .

S0T



Table 30. The effects of treatments of 5, 10, and 15 ppmw trifluralin; 10, 20,
- and 40 ppmw IAA; 0.5, 1.0, and 2.0 ppmw kinetin, and their combinations
' on cotton germination, radicle lengths 3 days after seeding, radicle
-and hypocotyl lengths 7 days after seeding, and total number of lateral
roots (Bxperiment 4, average of .two seedings).

Length (mm)

Treatment. (ppmw) . : : : - Lateral

. = : . Radicle Radicle Hypocotyl roots

Trifluralin' TAA Kinetin Germination 3 days 7 days 7 days total
0] 0 o 14 - 4L ' 105 99 23
-0 10 0] 13 39 57 86 24
0 20 0 "15 25 Lo ‘ 60 - 3L
0 40 0] 12 20 ‘ 24 48 6
o 0 - 0.5 14 38 113 67 19
0 0 1.0 13 - .23 60 56 12
0 .0 © 2.0 14 33 , 43 61 6
o 10 1.0 14 26 34 . 64 .19
0 20 . 0.5 12 14 21 Lo 31
0 20 2.0 14 ' 21 31 53 0
0 40 1.0 14 18 18 37 0
5 0 0 12 , 39 Lo 64 1
10 0] e 13 L3 55 70 0
15 0 . O~ 13 : b7 53 53 0
5 10 0 12 23 32 L2 0
5 20 0 14 Lo L5 64 0
5 Lo 0 12 19 : 26 48 0
10 10 0. 12 24 : .29 39 0
10 - 20 0 11 ' 39 ' 43 o 58 -0
10" ko 0] 13 36 4o ‘ Ll 0
15 ' 10 o 12 34 4o L7 0
15 : 20 0 13 k9 53 51 0]
15 40 0 0

12 29 33~ 35

-90T



Table 30;——Continued ‘

11 Lo

5 0 0.5 0
5. 0 1.0 12 29 0
5 0 2.0 13 : 38 0
10 0 0:5 13 24 0
10 0 1.0 12 24 0
10 0 2.0 14 38 0
15. -0 0.5 .13 24 0
15 0 1.0 12 34 0
15 0 2,0 14 - 52 0
5 10 1.0 13 - 33 9
5 20 0.5 12 36 12
5 - 20 2.0 14 32 - 15
5 - k0 1.0 12 - 37 14
10 10 1.0 1k 41 2
10 20 0.5 13. } L2 2
10 20 2.0 12 31 14
10 4o 1.0 13 36 6
15 .10 1.0 12 26 1
15 20 0.5 14 ' 29 1
15 20 2.0 12 o 46 1
15 0] 1.0 12 36 2.
- LSD (5%): . : - ‘N.S. 10.8

20T



jfootsg but_ﬁot with gérmiﬁatieﬁ.(TaSie~3o);>3Théré'Qéré¥}”
s1gn1f10ant dlfferences between treatments 1ﬁ number.ofﬁ?
lateral roots et all regleds, but not w1th hypocotyl
1engths 3 days after seedlng (data were not presented)‘
| Trifluralln, IAA’ klnetln,>and thelr'comblnatloﬁﬂ”
‘treatments greatly reduced hypocotyl lengths, especial1yiat
hlgh concentratlons (Table 30) » | .
.Tr;flurallnsVIAAgvklnetlh, anddtﬁeirudomEinetiede}u

exceptekinetiﬁret‘O.B:pbmw, redﬁced'radieie”ieﬁgthejmore?ﬁ
:'Athan'the hypoeotylfieﬁgthS’(Table 30);' However, klnetln‘eti:;

~O 5 ppmw d1d not. 1nterfere Wlth radlcle.elongatlon°¢ Thrs

behav1or is 51m11ar to thatuoﬁtalned by the'eeﬁe rate ofeﬁ
_klnetln in Experlment 1 (Table 2k4). As the-deeegeﬁef:IAée'ﬁ
or klnetlnrlncreased, radlcle elongatlon decreased |
tTable‘BO);v |

When IAAtor kinetinialenedwaeeedded tdfthedtri—fidid"

fluralln medium hed no marked promotlng.effect en leterei
troots even when applled at hlgh rates'(Table 30) : When ?
iIAA was added to the medium contalnlng 5 ppmw trlfluralin,v
”together with klnetln, the trlfluralln 1nh1b1t;onvof i
lateral rpotstwas almost re@oved. :Heﬁever,‘wheh the mostle
;effectiveVcombinatienrtreatments of iAAvend kinetiniweref,
comblﬁed w1th hlghervrates of trdfluralln; poer 1etera1€2
rroot growth resulted exee?t 1# oneieese; Thefeomtinetien

’ftreatmentrof trifluralin/IAA/kihetinQat,10/20/2y0-ppmw,_f e



.Q}lQ9_F"“'

respectlvely, proddced 14 lateral'roots ner,plant
T(Table 30) . | | o | :' |
. The data on trlfluralln/IAA/klnetln study presented~;rl
71n Tables 24 through 30 w1ll be cons1dered together° The_.i
effects of 1ncrea51ng CTAA concentratlons (O to 40 ppmw) on
'hypoootyl and radlcle lengths and on - naﬁber .of. lateral
'.roots 7 days after seedlng are 1llustrated 1n.F1g l3°.{ﬁt.
any rate of IAA hypocotyls were shorter than those in e
controls. CAt the lowest rate (5 ppmw) and at the hlghest
Jrrate (40 ppmw) of IAA hypocotyls were shorter than- those
at the 1ntermed1ate rates: of IAA (lO and 20 ppmw) 'Thlsvd
Vresponse of cotton's hypocotyl growth to IAA dlfferent
‘rates is in agreement w1th Deviin (20) who reported that
Ashoot growth'respondedjto-auxin accordlng to,minimum,,ji
optlmum, and’makimum concentrationSL{ éoncentrationsfof
auxin. above that whloh w1ll give the maximum. response
will cause inhibition. |
As the dosage-ofllAA increased radicle'elongatlonh

decreased (Fig.;135; Thls result agrees w1th research
with other spec1es (5, 7, ll, 14 28 35) where root
eelongatlon was: studledov

The-number ofalateral_roots:was‘affected.byJIAA'”
'drates‘ln the Same manner . as hypocotyl growth (Flg.AlB)
:More lateral roots were produced at 1nterm°d1ate ooncen;7
;trations of IAAuthan-at-the-lowest-or highestdconcentra—'

~ tioms. This result islsdpported by Torrey (62) who -
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Fig. 13. The effect of increasing IAA concentrations on
cotton hypocotyl and radicle lengths and total
number of lateral roots per seedling at 7 days
after seeding.
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reported that increasing concentrations of IAA up to a
certain 1e§el gave increasing numbers of 1ateral~roots
initiated in isolated roots of pea.

At increasing rates from O fo 2 ppmw, kinetin
reduced hypocotyl and raaicle lengths and depressed the
total number of lateral roots (Fig. 14). These findings
agree with those of several investigators (22, 25, 31, 62).
Fries (22) stated that with increasing rates of'kinetin, |
hypocotyl and main root growth and number of lateral roots
produced by Lgﬁinus-seedlings were greatly reducéd and that
at the highest concentrdtion used (about 6 ppm) the
response was abnormél.i

Average number of 1éteral roots producéd by cotﬁdn
seedlings 7 dajs after seeding in combination ﬁreatments
of 5/5/005, 5/10/1.0, 5/20/1.0, and 5/40/2“ppmw of
'tfifluralin/IAA/kihetin, réspectively (Tables 24 through
3Q), is illustrated in Fig. 15, Nuﬁber of lateral roots
increaéed'with increasing rafes of IAA/kinetin in the
preseﬁce of trifluralin at 5 pPpPmw.

The application of different‘concenfrafiohsvof TIAA,
- kinetin, andﬁtriflgralin, alone or in combination, pr@duced
certain morphoiégical effects on the root system of cdfton
sgedlings. Beside'the.reductionrof root elongationy iAA at
_:_higﬁ concentrations géve shorter lateral roots than those
Ein.control treatments. 'WhénHCOmbined with friflﬁralin; IAAA

treatments produced thicker radicles. With increasing
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- rates of kinetin, short and thickened hypocotyls, radiclés,
and laterallroots wefe observed, with swelling of the
region above the root tip. At the highest rate (2.0 ppmw) ,
kinetin caused some curving of the énds of therprimary and
lateral roots. These obéer&ations agree with those of
Fries (22) and Guttman (25) who studied kinetin activity

on other species. When édded to trifluralin and/or TAA
treatments, kinetih caused similar symptoms fo those when
it was used alomne.

The time of lateral root appearance in the IAA
and/or kinetin or in the combination treatments of
trifluralin/IAA/kinetin was not the same as in the control
treatments. Lateral.rooﬁ growth in the treatments of

 these chemicals was seen;éboﬁt 36 hours after those in the
»contrél treatments. This deléy in 1ateral'root emérgence
-was observed With.?lants,grown in trifluralin-phorate
combinatiohss'- l

Thg-pattern,éf’l?teral root formation in untreated

cottqn plants was tetrarch. The lateral roots appeéred.
raﬁdomly:distribﬁéed,aldng four ridges ofthe primary‘rooto
However, whenﬂ;otton>plants,Were grown in ‘high rates of
 IAA/kine£in combinations,’lateral roots were arranged in
.1 to 4 Visiﬁlé rows along the primary root (Fig. 12).
 When IAA alone or kinetin alone was combined with
‘5'pme of triflﬁraliﬁ, no:lateral root growth occurféd

'~ (Tables 24 and 30). .When both IAA and kinetin were added
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to the trifluralin medium, the trifluralin inhibition was
modified (Tables 24 through 30). Both IAA and kinetin were
required to modify the inhibitory effect of trifluralin.

The imboftance of auxin and kinetin for the
initiation and growth of lateral roots has been pointed ouf
by several investigators (io, 19, 23, 47, 54, 57, 62, 65).
Skéog and Miller (54) reported that the relative amounts of
TAA énd kinetin applied to tobacco tiséues contrblled the
initiation of 1latéral roots or buds. Combinations .of
IAA/kinetin which overcame the effects of S_ppmw of
trifluralin were not able to overcome effects of iO and
15 ppmw of trifluralin (Table[BO)o

The plant body is composed of heterogenoué cells
Wifh very divergént develéﬁmeﬂtai ﬁotentialities at thé
various stages of its life cycle. The genetically |
" maintained biochemical enﬁironments of tiséues nqrmélly
keep oells_in_a state of hafmonioﬁé growth equilibriqu
Only if these correlative interacfibns betweén cells are
-maintained9 can plants functi¢n and develop nofmally (3%).
~Torrey (64) has reported that proﬁably as in other déVelop-
,_méntél phenomgna,»the initiation of roots depends upon the
proper balance of several compounds within the plants,
includinngotthérmpnal and nutritional components; The
:presence of»ffifiuralin iﬁ théVgr0w£h medium Qf'cotton.
“seédliﬁgs’maytha?é interfered with the normal correlative(

~interactions between cells and thus disturbed the
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eqﬁilibrium of the growth and development of the foot
-system. Since depressed lateral roét gréwth and develop-
ment of trifluralin—treated plants were'pértially restored
by the application of proper ;atios of IAA/kinetin, it is
proﬁosed that trifluralih—inhibitory action is‘broﬁght
about -by the disturbance of the proper balance of IAA and -
kinetin-like compounds in the roots of treated plants. |

Effects of Trifluralin and/or Phorate on Cotton
Root Anatomy During Development

The study of longitudinal sections of root tip of
seédlings grown for 3 days in nutrient solution (control)
showed that the cells of the tip and further from the tip
stéined densely. Trifluralin-treated plants (5 énd 15
_ ppmw) phorate-treated plants, ahd trifluralin-phorate
combination treatments, 3 days after seeding had norﬁal
réof tip cieVeltopment°

In the longitudinal section of the root tip of
cotton plants‘grown for 7‘days in 15 ppmw trifluralin there
was a decréasé iﬁ the mefistematic tissge zone of the cells
of the root apex.  The cells in thé cap Weré lesé numerous
than those in the control. . The.radiai expansion_whiéh has
beenlobserved in the root tib of tfifluralin—treated plants
was mainly_féund in the cortex. The>corticélvgells were
Liarge-and,ifregulaf in shépeo |

In'theﬁéroSs section of primary'réofs“of S—daf;old’

nbntreated‘plants; latefal roots‘penetrated‘fhe cortex. In
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the cross section of the primary root of 3-day-old cotton
treated with 15 ppmw of triflurélin, the pericycle was the
tissue which was mostly abnormalo.'The-pericyclicicells
Wefe much enlarged in one region.opﬁosité the protoxylem.

In the cross sec£ion of the primary root of 7-day-
0ld untreated plants, lateral roots grew out of the cortex
(Fig. 16A). In the cross section of the primary root of
15 ppmw trifluralin-tréated plant the divided pericyclic
cells were attempting to penetrate the cortex (Fig. 16B).
A cross section of the primary root of the plantS»grdwn in
the cémbination treatment of 15 ppmw frifluralin with 10 -
- ppmw phorate showed two lateral root initials beginning to
grow through the'cortex (Fig; 16C). 1In the presénce of 10
ppmw phorate with 15 ppmw trifluralin,'more pericyclic

cells were active than in 15 ppmw trifluralin treatment

- alone.

.Phorate—treated'roots were similar to those of the
nontreated foots,.and.the roéts of 5 ppmw triflﬁralin—
treated'plants were‘similar to those of i5 ppmw |
trifluralin-treated plants.

Cross'sections of the frifluralin-tfeatéd and_
'trifluralin-phorate;trééfed‘piants (Figs. 16B and 16C)
i&&icatéd that: the enlarged pericjglic.pells had'undefgoneA
some of the initial phaseé’of;lateralrféot_formatidn;' The
aétual=fofmafi§ﬁ éf a lateral root priméfdia had.appafeﬁtly

been prevented by the blocking of cell division in the
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pericycle by the herbicide. Although trifluralin had
disrﬁpted the mitotic process of the pericycle cells,‘
cellular divisions in some of ‘these cells opposite the
protoxylem were observed (Figs° 16B and 16C), but differ-
entiation failed to occur.. ) |

In the meriétegatic tissues and pericycle oﬁ the
roots, cell division occurs and derivatives of these cells
subsequently elongaté and differentiate (63). Thefhormpnal
.control of cellular.processessrnamely cell division,
énlargement, and maturafion, have been demonstrated (21,
25, 54, 63, 64). It is believed that tfifluralin repres-
sion of mitotic activity din the pericycle and the failufe
of the few divided cells in the pericycle to differentiate
were probably Qaused.by the disturbance of the hormonal
control of cell diviéion and differentiation by the
herbicide. This is‘supPOftéd by the proposal that tri-
flurélin inhibitory effect was brought about by the
disturbance of the proper balance of IAA and kinetin-like
compounds in the'roots of.the.treated plants. Hehce, it is-
“hypothesized thatvtrifluralin was acting at the hormone's
"level, specifically, TAA and kinetin-like co@pounds.

Growth«of plants is controlled by the rate of
protein ssrnthesis° RNA content plays a vital role in
enzyme,protein-synthesis (17). Factors, such as tri-
fluralin;'which may influence RNA metabélism”and/orfprotein

synfhesis therefore.are reflected in the plant's growth.
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It has been reported (38, 53) that trifluralin has an
inhibitory effect on RNA, DNA, and protein synthesié. It
was also feported that growth regulators usually‘work on
the 1evel‘of enzyme synthesis which direct the protein>‘>
synthesis (33, 67). Thus'ény adverse effecfs upon the
growth regulators és:IAA and kinetin-like compounds may
result in reduced tissue growth. Therefore it seems likely,
that trifluralin's inhibitory.effect was brought about by
its interféreﬁce with the plant hormones IAA and kinetin-
" lIike compounds which was expressed ihdirectly by the
reduction of plant-growth and represéion.of the pericyclic
.céll division to form lateral'roots, |

When relati%ely'high rates of phorate were combined
. with ffifluralin, trifluralin lost its inhibitory effect
and the”plant restored its growth equilibriumrand.later5l
roots were produced. Plants-which germinated for 3 days in
'lO and 50 ppmw phorate and‘thenﬁtransferred and grdwn'in 5
~and 15 ppmw trifluralin for 4 days, did not produce lateral
roots, except very few and shorf latéralé produced by
plants germiﬁéted in 50 pﬁmw phorate. Phorafe muét-bé
.present and at high_rates (about'iO'timeS'thé concentiatioh
of trifluralin) in order to overcome trifluralin iﬁhibitory
,effecté,,-When phorate was~gsed:in‘combination with tri-
‘flurélin theré Was:no loss of the éffedtivéness of the
vihsecticidé in kiliing insects or of‘the:trifluralin in

confrolling annual grasses (3). Therefore, phorate may
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overcome trifluralin growth-retarding effect on cotton |
roots by the formation with some of the trifluralin
~molecules (and most likely in the vicinity of the root
sjstem) of a chemical that has no or slight effect (depends
 on phorate concentration), on the piant's hormones if
vabSOfbed by the roots of cotton in the treated zone.

Another possibility is that phorate molecules may -
act by competing with trifluralin molecules for thevsite
of-absorption by the roots of cotton.

It trifluralin acted at the hormone's level, it is
Specﬁlated that the herbicide may interfere with endogenous
IAA and/or kinetin-like compound activities through{

1. Enhancement of growth regulators destruction.
TAA-oxidase fqnctions in vivo in éﬁttoﬁ to hélp
régﬁiéte auxin'level_and»the:activity of the
enzymé is'confrolledbby an inhibit§ry‘system (39).

. Considering thehro&tﬂsystem, it,may’be,probOSed

“that trifluralin maybdecrease the level of the

ihhibitory éystem; consequently,'less'IAA wiil be

avéilabie,' Or, that trifluralin may inﬁrease the

IAA—oxidase activity and.thus more,IAA'pxidatioﬁ°

In both cases, IAA‘level‘ﬁill be iowerédd It may

be possible, howe&erg that kinetin;like_compounds

may be affected by th—e herbicide° 5till "another

possibility is that the levels of both hormones,
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iAA énd kinetin;like compounds may be altered by
" .the herbicide.

2. Auxiﬁ—efhylene antagonistic behavior. The effects
of ethylene on IAA have been reported (13, 15, 40).
It was reported (40) that the regulators IAA and
efhylene are antagonistic in some aspects.

Further, iﬁ was suggested that oné regulator may
influence the synthesié, destruction, or movement
of the other. The ethyléne—induced stimUlatién of
auxin destruction haslbeen shown in vitro in cotton
(40). It is speculated that trifluralin may
stimulate the»producfion.of ethylene which then
will reduce IAA activity, or, that trifluralin may
.behavegsimilarly as ethylene and antagbnize auxiﬁ

action.

In ﬁhese two speculations-(numbers 1 and 2),'tri;
fflufélin activity may lead to the disturbance of the auxin-
kinetin-like compound ratio. Skoog and Miller (54)
demonstrated that division and differentiation of undif-
ferentiatedvtiSSue.into roots or Shoots-waé contrbiléd by
aﬁxin—cyfokiﬁin.ratiosj. It seems that the application of
' IAA‘and kinetin hormones to‘tfifluralin—treated“plants

'partially restored IAA-kinetin-compound ratio.



SUMMARY

Greenhouse and growth chamber experiments were
,Vcoﬂducted at The University of Arizona, Tucson, during 1968
and 1969. The primary objective of these experiments was
to investigate the effects éf triflufalin alone and in
combination with organophosphorus compounds (O. P. C.) or
growth regulators on root development of Deltapine Smooth
Leéf cotton seedlings.

In the greenhouse, trifluralin, phorate, and
trifluralin—phorate.combinationé-Were incorporated in the
soil to é depth of-4 cm. Trifluralin was used at rates of
0, 0.6, 1.1, 1.7, and 5.2 keg/ha and ﬁhorate.was used at
rates of 0, 22, 45, 67, and 90 kg/ha. Cotton seed germina-
tion was countéd and shoot height was measured 1% and 21
‘days after seeding. At the end of the growing period (21
days after'sééding), the soil was washed from the roots .and
the;number of lateral roofs was counted in each 4 cm region
- of the primary réot. Shoots and roots were separatéd ahd
ovenédried. vThe entire exéeriment waélrepeated twice.

In the érowth'chamber,ra series of experiments was
qonducted‘to investigate root development of cottbn Seed—
liﬁgs in Culture.solutions of trifluralin alone and in.
combinafion‘with OgvP.sC};4including phoratey or@growth
regulators.  Cotton Seeds_were.germihated in_papér ﬁowels_

123
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for 3 days and transferred and grown for additional 4 days
in'culture,tubés° ‘Seed germination, radicle and hypoootyl'-
lengths at 3 and 7 days after seeding Were‘measdred and
number. of lateral roots was counted in each 2 cm root
region. |

In the greenhouse, soil applications of trifluralin,-
phorate, and.trifluralin—phOrate éombinations did not
affect cotton germination. Shoot lengths'at 14 and 21 days
.after seedihg,increased‘as.the rate of phorate’inqreased,

-~ but at the highest-réte of phorate, shoot lengths declined.
Shoot lengths. of triflﬁrélin—treated plants wére shorter
than those of phorate-treated plants. Increased ﬁhorate
levels reduéed shoot»dry weights. Trifluralin did‘not
_reduce.shoot Weights. The predicted response‘of shoot
“weight to trifluralin—phorate combinafions showed thaf(as
the rates of phorate and trifluralin increased, shoot -
Weight'depreaséd. The reduction of shoot dry Wéighﬁé'in’
 phora£é—treated’plants WAS attributed to the burning of the
cotyledons and true'leavéé. |

There was a significant‘decrease in root dry weight
S with increasiﬁg rates of phorate,in the second seeding.
Root weight declined—greatly with increasing rates of
trifluralin. . There-Was a‘linear iﬁteraction,between
-phorate "and ffifluralin, In the presence of phdréte;:the
r~foot dry weigh%s,of7trifluralin;treatédTplants Qere:gfeater

than those of trifluralin treatments alone. The reduption-



' of cotton root welghts caused by trlfluralln was'attrlbuted'A‘.

Vt-malnly to the 1nh1b1tlon of. - lateral roots at the 0 to L cmﬁaw:wf

vreglon where the herb1c1de was‘lncorporated in’ the solloi
.Numbervof 1aterai roots ‘at O to 4 cm region of v::”“d”
: plants gronn:in trlfluralln—treatedw501l'Was s1gn1ficantiy
. less than tnose ot other treatments;'tThere4Were:iineaf.
.dinteractionsfbetween trifluralinfandephorate treatments.r
Piants gronn in combination'treatmentsrofinién{rates of‘t
-trlfluralln w1th relatlvely lonlratesiofipnorate-nroducedi
short abnormally thlck and less lateraiiroots;in thé |
_treated zone as compared to other trlfluralln‘nhorate
combinations . Number of 1ateral roots at 4 to 8, 8 to 12
:and1i2tto'i6“cm reglons ;n,trlfluralln-treatments,Was~more
_tnan those,of phorate'alone.oriphorate—trdfluralin-greate.
&ents;Z'Howeveréithe.total nuﬁber:ofdlateral roots in
 trif1uraiin treatments_‘was .less»tnan‘those nroduced in];
other'treatments;" | | | | |
) | in tne grthhnChamberg'trifluralin3‘nhorate; and
trlfluralln phorate comblnatlons d1d not affect germlnatlonby
v and hypocotyl and radlcle 1engths 3. and 7 days after seed- -
nlngru Seven-days»after seedlng, trlfluralln,and trlflurallneid
jphorate,combinations greatlyfreduced radicieiiengths and:
number of lateral roois, except 1n tne comblnatlon treat—_
rment of 5 ppmw trlfluralln plus 50 ppmw phorate° -Treatj:
ments durlng_the flrst,3~daYS-°f growth werennot‘critical;" 

in affecting the subsequent.seedlingfgrOWth;'"Treatmentsfin R
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the’following 4 days determined the growth respbnsé to
trifluralin, phorate, and trifluraiin—phorate'combinations;
,The.most-obvious visible effect of. trifluralin alone and in
combination'wifh lqw rates of phoraﬁe, was the swelling of
the root tip. Lateral roots of plants grown in thesé
treat&ents were shoft, thick,.and.appeared about 36‘hqurs
after those in nutrient or phorate solutions. The numbér
of latéral roots produced in trifluralin—phorate-combina—
tions dincreased With incfeaSing ratio of phorate to tri-
fluralin.

Most of the 0. P.  C, reduced seed germiﬂation,
hypocotyl and radicle 1engths‘when used aloneland in
combination with trifluralin. When used in combination
with trifluralin, 0. P C. (except 4 and 12) did not
feducé the ihhibitory:effeot of trifluralin on.laterél
roots- | |

| IAA or kinetin whenAused at high rates-reduced.
_cotton seedling growth and number of latéral«roots.' TAA.
cor kinetin used in combination with.triflufalin did-not
modify trifluralin ihhibitiOn of lateral roots. However,
- when IAA and kinetin,wére added together to 5 ppmw tri-.
. fluralin treatﬁents,'laterél.root growth Waé,sﬁimulétéd,
‘especially in the combinations 5/10/0.5, 5/20/0.5,
5/10/1,0; and 5/20/1.0 ppmw of trifluralin/IAA/kinetin,

respectively. H0wéver, when these rates of . IAA/kinetin
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were combined with 10 and 15‘ppmw trifluralin, poor lateral
root growth resulted.

There,wés ﬁo-difference in the cells of,the]robt
tips in 1ongitudinél'sections §f roots of seediings grown
for 3 days in nutrient, phérate, tfifluralin, and
trifluralin—phorate combinations. The cortical cells were
large and irregular in shape‘in the 1Qngitudinal sections
of the root tip of'trifluralin—treated planfs 7 days after
sgeeding. VThevpericycle tissue was abnormal infthe-crossi
sections of'trifluralin—treated plants 3 and 7 days after
seeding. Cellular divisions in some of these cells were .
observed, but differentiation failed to occur.

Since lateral root growth of(trifluralin—treated
. plants waé partially restored by -the appliqétion ofVIAA and
Kkinetin, it is proposed that trifluralin inhibitory action |
was brought about,By'the disturbance of the proper balance
of IAA and kinetin—like compound in the roots of treated
plénts. It is speculafed thét‘trifluralin may interfere
with endogenous IAA and/or kinefin—iike compound activities

in cotton roots through the ehhancement of gro&th régulétors

destruction dr through auxin—ethylene'ahtagonistic behavior.
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