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:ABSTRACT

The effects of trifluralin ( a. 9 a_9a.-trif luoro~2 9 6- 
d±nitro-N9N~dipropyl~^~toluid±ne) alone and in combination 
with phorat e ( 0̂, Q-diethyl S_-[ ( ethylthio ) -methyl ] -phosphoro 
dithioat e) 9 15 organophosphorus compounds (0 o P <, C o ) 9 IAA
(indoleacetic acid) and kinetin (6-furfurylaminopurine) on 
cotton (Gossypium hirsutum L « 9 cultivar Beltapine Smooth 
Leaf) root development were studied in soil and culture 
solutions in 1968 and 1969»

Trifluralin and phorate were incorporated to a 
depth of 4 cm in the soil at 5 rates9 alone and in combina 
tions 9 and cotton seedlings were grown for 21 dayso In 
culture solutions, cotton seedlings were germinated for .
3 days and transferred and grown for 4 days in the same or 
different solutions of trifluralin, phorate, and their 
combinationso Cotton seedlings were grown for 7 days in 
0o P. Co alone and in combination with two rates of tri­
fluralin o Cotton growth was studied in solutions of IAA 
at 0 to 40 ppmw, kinetin at 0 to 2 ppmw, trifluralin at 0 
to 15 ppmw, and their combinations <> The effects of tri­
fluralin and/or phorate solutions on cotton root anatomy 
during development were investigated o

Soil applications of trifluralin, phorate, and 
trifluralin-phorate combinations did not affect cotton



XXV

germination » Trifluralin-treat ed plants were shorter than 
phorate-treated plantse Increased phorate levels reduced 
shoot dry weights9 whereas trifluralin treatments did not 
greatly reduce shoot weights» Root weights of phorate- 
treated plants were higher than those of trifluralin- 
treated plants but lower than those of controls« Number of 
lateral roots at 0 to 4 cm region of plants grown in 
trifluralin-treated soil was significantly less than those 
of other treatments. There were linear interactions between 
trifluralin and phorate treatments; phorate-trifluralin 
combinations increased number of lateral roots at 0 to 4 cm 
region compared to trifluralin-treated plants, Trifluralin- 
treated plants produced more lateral roots below the treated 
zone than untreated, phorate-treated or phorate-triflur,alin- 
treated plants. The total number of lateral roots was 
reduced by trifluralin treatments'.

In culture solutions, trifluralin, phorate, and 
trifluralin-phorate combinations did not affect germination 
and hypocotyl and radicle lengths 3 days after seeding. 
Radicle and hypocotyl lengths and number of lateral roots 
7 days after seeding were reduced in trifluralin and 
trifluralin-phorate combinations except where the high rate 
of phorate was combined with the low rate of trifluralin. 
Treatment during the first 3 days of germination did not 
determine the subsequent response of seedlings to the 
chemicals during the growth period. Treatment during the
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4 days of growth determined the response of plants to 
trifluralin9 phorate, and trifluralin-phorate combinations e" 

Most of the 0» P . Co studied alone and in combina­
tion with trifluralin reduced cotton growth. When used in 
combination with trifluralin9 0 o P „ C . did not encourage
lateral root development 9 except 0« 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, but did not affect germina- 
tion o In combination with trifluralin9 IAA or kinetin had 
no marked effect on lateral root growth. However 9 when IAA 
and kinetin were added together to 5 ppmw trifluralin 
treatments 9 lateral roots were produced.

The mitotic process of the pericyclic cells was 
disturbed by trifluralin and trifluralin-phorate treat­
ments . In some cells, divisions were observed but differ­
entiation failed to occuro



- V • INTRODUCTION ' :

Trif luralin r" tarif luoro~2 9 6 -dinitro ~N 9N ? -
dipropyl-jd-toluidi ne) is extensively applied preplanting 
for weed control in cotton (Gossypium hirsutum L>)9 and 
other crops - It is a soil-active herbicide and best 
results are obtained where it is incorporated into the 
soilo However 9 trifluralin has inhibited lateral root 
development in cotton„ In trifluralin-treated soil9 a low 
ternperature can slow germination of cotton seeds and 
r estrict s eedling development «

Phorate lO.9O. ~~ diethyl S-[ ( ethylthio ) ̂ methyl] - 
phosphorodithioate) is an organophosphorus compound*
It is a systemic insecticide used preplanting in cotton * 

Over the years, many factors have contributed to 
reduced stands of cotton, In addition to the effects of 
environmental conditions and farming practices on cotton 
growth^ the multiple use of chemicals has contributed to 
the problem* Use of herbicides and insecticides indi­
vidually or in combination, may affect the growth of cotton 

Although many agricultural chemicals9 such as 
trifluralin and phorate, may perform the function for which 
they were applied without affectirig.the activity of other 
chemicals9 no thorough study has been made of interactions 
which may result from chemical combinations in cotton*



2
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 region where the two chemicals 
were placed,, Recently, it was found that soil-incorporated 
combinations of phorate or disulfoton (0^0,-diethyl S_-[2- 
(ethylthib)-ethyl]-phosphorodithioate) with trifluralin 
increased secondary root development in cotton»

Roots of cotton treated with trifluralin deviate 
from the normal pattern of developmento However 9 the 
nature of the lateral root inhibition by trifluralin in 
cotton plants as well as the effect of phorate-trifluralin 
combinations on cotton are not known„

In seedlings of many dicotyledonous plants9 the 
root system develops by the progressive initiation of new 
root meristem which develop into root branches• Lateral 
roots are typically initiated by cell divisions in the 
pericycle of the primary root. Derivatives of these cells 
subsequently elongate and differentiate to form lateral 
roots o Physiological studies with higher plant tissue 
indicate that the growth regulators such as indoleacetic 
acid (IAA) and 6-furfurylaminopurine (kinetin) affect 
cellular processes. There has been no published research 
on cotton root growth activity of trifluralin in relation 
to auxins and/or cytokinins.



To elucidate the nature, of the lateral root inhibi­
tion by trif luralin in cot ton seedlings 9 greenhouse and 
laboratory experiments were designed to study:

To The effects of soil-applied trifluralin, phorate, 
and trifluralin-phorate combinations on cotton 
seedlings* :

2 * :Development of the root of cotton seedlings grown
in trifluralin and/or phorate solutions as 
influenced by rate, duration,, and type of treat- 

' : ment * .' - ; ..v;
3 • The effects of 15 0 * P * C * alone and in combina^ .

tion with trifluralin on the root growth of cotton 
seedlings. .

4* The effects of IAA, kinetin, trifluralin, and their 
combinations on cotton root growth.

5 * The effects of trifluralin and/or phorate on cotton 
root anatomy during development*



LITERATURE REVIEW

This review considers: (a) trifluralin and its
effects on growth of cotton and other plants; (b ) phorat e 9 
the organophosphorus insecticide; (c) response of crop 
plants to combinations of agricultural chemicals; and (d) 
auxin and cytokinin growth regulators and root growth<>

Trifluralin and Its Effects on Growth of 
Cotton and Other Plants

Trifluralin is exi organic herbicide belonging to 
the substituted dinitro anilines. It is a soil-active 
herbicide and for optimum results should be incorporated to 
control germinating weed seed (6), Trifluralin has been 
used extensively in cotton and other field crops and its 
effects on plant growth have been reported (19 8", 32 9 46 9
50, 56 , 66 ) 0.

One of the previous investigations (66) of the 
effects of trifluralin on cotton seedlings showed that when 
trifluralin was mixed into the surface 1, 2, 39 or 4 inches
of the soil at the rate of 1 Ib/A it affected the number 
and distribution of secondary roots on cotton if incor­
porated below the cotton seed, The primary root penetrated 
trif1uralin-treated soil but produced few or no secondary

4



5
roots until herbicide free soil was reached. Trifluralin 
also decreased the weight of cotton seedlings.

Standifer and Thomas ($6) investigated the response 
of cotton to trifluralin. Trifluralin was incorporated 1 , 
2 , 3 9 4, or 5 inches deep and cotton seed were planted 1
inch deep. In the greenhouse, trifluralin was incorporated 
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 laterals were found where the primary 
root was in contact with treated soil. Histological 
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 of cotton seedlings and pre­
vention of lateral root growth in the treated soil region. 
The dosage of the chemical influenced stunting more than 
depth of incorporation.

The effects of rates of triflur aiin and depths of 
incorporation on lateral root development of cotton and 
soybean (Glycine max [L.] Merrill) were studied by Oliver 
and Frans (46). Trifluralin inhibited cotton and soybean 
lateral roots. Inhibition of laterals was directly related 
to depth and method of incorporation. Root swelling was 
noticed at approximately 2 inches below the soil surface



6
in 5-week-old soybean plants treated with 2 Ib/A tri- 
f lur alin <,

Ketchersid, Boswell, and. Merkle (32) studied the 
uptake and movement of trifluralin, benefin (N-butyl-N- 
ethyl - a., a., a,-tr if luoro - 2 , 6 -dinitro-jD-toluidine ) and ni tr alin 
(4~[methylsulfonyl]-2,6-dinitro-N,N-dipropylaniline) in 
peanut (Arachis hypogaea L 0) seedlingSo Acropetal and 
basipetal movement of trifluralin was observed in peanut 
seedlingso Absorption of trifluralin was greater, when 
seedlings were germinated in untreated soil and trans­
planted into treated soil than when germinated in treated 
soil for the same periodo Translocation decreased as the 
age of the seedling increased* Basipetal movement of tri- 
f lur alin was greater than movement of benefin or nitr alin <,
In general, there were two areas of high concentrations of 
trif lur alin, the treated area and the cotyledons of 
seedlings germinated in treated soil <>

The distribution of residual radioactivity in
l4cotton and soybeans grown in soil containing C-trifluralin 

labeled in the n-propyl or the trifluoromethyl group was 
studied by Probst et al „ (50') « The radioactivity from both
types of labeled trifluralin was distributed in lipids, 
glycosides, hydrolysis products, protein, and cellular 
fractions. With propyl-labeled material, approximately 25 
to 30% of the original radioactivity was in the cellular 
fractiono Residue analyses indicated also that trifluralin



was not readily absorbed from soil <> The major portion of 
14incorporated C-labeled trifluralin was identified as 

unchanged trifluralin o 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 peanuts and sweet potato plants <, In 
crude extracts of peanuts, the initial degradation product 
was an incomplete dealkylated derivative of the parent 
compoundo The initial degradation product formed in sweet 
potato crude extracts was a derivative of trifluralin. All 
isolated degradation intermediates were used in bioassay 
studies o These intermediates demonstrated root elongation 
inhibition in cucumber (Cucumis sativus L .) at many of the 
concentration levels utilized (0.01-10 ppm)•

Microanatomical effects of trifluralin on root 
development were studied (6, 26). Stained sections of
roots treated with trifluralin at rates substantially above, 
those recommended for weed control in cotton, showed no 
normal sequence of mitosis in the cells while all stages 
of mitosis were seen in the untreated roots (26). Tri­
fluralin application sufficient to inhibit lateral root 
emergence without interfering with development of the 
primary root of cotton, affected the pericycle and portions 
of the endodermis (6).
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The effects of trifluralin on mitochondrial 

activities and protein synthesis were studied (38 9 45 9 53)°
Negi et al. (45) studied the effects of trifluralin and 
riitralin on oxygen uptake and oxidative phosphorylation of 
isolated mitochondria of corn (Zea mays L .), sorghum 
(Sorghum vulgare L .), and soybean. They found that oxygen 
uptake and oxidative phosphorylation were inhibited by
* _410 M of trifluralin. Little or no inhibition was 
detectable at 10  ̂ and 10  ̂M in corn and sorghum»
Nitralin gave more variable, but similar, results. The 
effects on oxygen uptake and oxidative phosphorylation were 
not related to the selectivity of trifluralin since it 
caused a greater reduction in oxygen and phosphate uptake 
in the resistant species (soybean) than in the susceptible 
species (sorghum).

Moreland et al. (38) investigated the effects of 
trifluralin on the synthesis of ribose nucleic acid (RNA), 
and protein in excised tissues of corn, soybean, and barley 
(Hordeum vulgare L .). Trifluralin reduced leucine incor­
poration into protein over 20% and lowered the induction 
of alpha-amylase more than 30% as compared to the control„ 
Trifluralin could be classified as inhibitory to protein 
synthesiso Schultz, Funderburk, and Negi (53) studied the 
effects of trifluralin on protein synthesis using excised 
tissue of corn germinated in trifluralin at 5 mg/l for 
about 3 days. Synthesis of deoxyribose nucleic acid (DNA) ,



RNA ̂ and protein was suppressed in the root tips 9 while no
significant reduction in the nucleic acids and protein

3 2syntheses was noticeable in the shoots » A P time-course
32study showed suppression of P incorporation in the *'■ 

trifluralin-treated roots »

Phorate
Phorate, an organophosphorus compound 9 is a 

systemic insecticide used in cotton. Phorat e-treat ed 
cotton plants are darker green than untreated plants (2). 
Slight chlorosis and marginal spotting have been reported 
on seedling plants under some conditions„ According to 
Spencer and O ’Brien (55)? phorate is one of the most active 
dithiophosphate compounds5 and that in addition to having 
systemic activity 9 it is also a contact ins ecticide»

When cotton seed was treated with 0.5 to 1 e 0 lb 
phorate per 25 lb of seed, cotyledons showed burning on the 
outer margin (52). « These symptoms were more pronounced at 
higher concentrations„

Bowman and Casida (12) and Metcalf, Fukuto, and . 
March (37) studied phorate metabolism by cotton* Following 
uptake of phorate by cotton, four metabolites were formed * 
These metabolites were potent anticholinesterase agents 
(12)* The predominant process of plant metabolism for 
phorate was primarily oxidative (37) <> The four metabolites 
gradually undergo chemical breakdown by hydrolysis to form
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various phosphoric and thiophosphoric acids and esters 
which have no appreciable toxicity (2), According to 
Bowman and Casida (12) 9 however y cotton seed treated with 
phorate on charcoal at concentrations as high as 32 lb of 
phorate per 100 lb of seed showed less than 0 <>03 ppm of 
phorate as metabolites in the seeds maturing 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 beneficial. Deleterious effects may result 
from increased phytotoxicity toward desirable plant 
species, increased residual life in soils, or pesticide 
inactivation. Beneficial effects may result from decreased 
phytotoxicity toward desirable species, increased or pro­
longed phytotoxicity toward undesirable plant species, or 
enhanced degradation of the pesticide residue (42).

Motsinger (4l) reported that workers in Arkansas, 
Georgia, and Mississippi observed severe cotton stand 
losses when, combinations of chemicals were applied. In 
Arkansas, cotton stand losses were observed where chloroneb 
(1,4-dichloro-2,g-dimethoxybenaene) plus phorate were used 
in combination with diuron (3-[3 *4-dichlorophenyl]-1,1- 
dimethylurea). However, a synergistic effect was noted
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where PCNB (pentachloronitrobenzene) was used with 
disulfotoiio

Hacskaylo, Walker9 and Pires (27) studied the 
effect of monuron (3-[jP-chlorophenyl]~191-dimethylurea) and 
diuron oh growth of seedling cotton and their effect when 
applied with phorate and disulfoton» Each insecticide was 
applied to cotton seed at rate of 0 or 1.33 lh per 100 lb 
of seed. In other tests, disulfoton granules were applied 
as a furrow treatment before planting at a rate of 1 lb/A * 
Herbicides were applied after planting on the soil surface <, 
Phytotoxicity was increased when either of these herbicides 
was applied with phorate or disulfoton,

Nash (42, 43) studied the combination effects of
many pesticides on some plants. Oats (Avena sativa L ,) 
were planted in soil which was treated with three rates of 
two or three pesticides. Combinations of dalapon (2,2- 
dichioropropionic acid) with disulfoton, phorate, or 
carbaryl (l-naphthyl N-methylcarbamate) in soil resulted 
in additive phytotoxicity, Diuron combined with disulfoton 
phorate, or carbaryl produced synergestic effects. The 
fungicide, captan (N-trichloromethylmerc apto-4-cychlohexene 
1 ,2-dicarboximide), when combined with dalapon gave an 
independent effect, while the fungicide chioranil 
(Tetraohloro-£-benzoquinone) was antagonistic toward the 
herbicide activity of diuron. Combinations of more than 
two pesticides in soil did not result in third order
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interactions« Soil persistence of synergistic phyto- 
toxicities of diuron-disulfoton or diuron-phorate combina­
tions to oats ̂ corn9 and cotton seedlings was studied in 
other experiments (43)« These synergistic phytotoxicities 
persisted 21 to 27 weeks in alternately fallow-cropped 
soils treated with 0 to 12 ppm disulfoton or phorate and 
0 to loO ppm diuron where oats were the bioassay plantso 
However, where corn was the bioassay plant, these 
synergistic phytotoxicities persisted 5 to 15 weeks in 
soils treated with 0 to 12 ppm disulfoton or phorate and 
0 to - Io 33 ppm diuron* Corn and cotton were more tolerant 
than were oats to diuron and diuron-ins ecticide combina- 
tions * .

Arle (3) studied the relationship of trifluralin 
and trifluralin plus phorate and disulfoton on secondary 
root development of Hopicala cotton * Trifluralin was 
applied and mixed into the soil at the rate of 1 Tb/A alone 
or in combination with disulphoton or phorate at rates of 
10, 20, and 40 Ib/A* Soil-incorporated combinations of 
phorate or disulfoton with trifluralin increased cotton _ 
seedling growth as compared to trifluralin used alone * 
Phorate was more effective than disulfoton in overcoming 
the inhibitory effect of trifluralin on secondary root _ 
developmento *

Ranney et al* (51) in Mississippi studied possible
interactions among chemicals used in cotton* Use of the
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fungicides phene (2,2*-methylenebis[3,4,6-trichlorophenol}), 
Olin 2424 ( 3"-trichloromethyl-5-ethoxy~l, 2 , 4-thiadiazole) , 
and PCNB at planting time improved stands «, The use of the 
systemic insecticides, DuPont 1179 (methyl N-[(methyl= 
carbamoyl)oxy]thioacetimidate), NIA 10242 (2,3-dihydro-2, 
2-dimethyl-7-benzofuranyl methylcarbamate), UC 21149 (2- 
methyl-2-[methylthio] propionaldehyde C^-[methylcarbamoyl] 
oxime) , and phorate at planting time and the herbicides 
trifluralin and nitralin reduced cotton stands« Of the 
combinations used, diuron-phorate and trifluralin-UC 21149 
resulted in reduced stand and diuron-phorate and nitralin- 
DuPont 1179 combinations resulted in reduced yields*
Several fungicide-herbicide-ins ecticide combinations 
reduced stand losses, gave effective weed and insect 
control without damage to cotton *

Recently (49)9 a greenhouse study showed that 
preemergence combinations of 2, 4-D ([3y 4-dichlorophenoxy] = 
acetic acid) and the carbamates, EPTC (S_-ethyl dipropyl = 
thio c ar b am at e) , chlorpropham (isopropyl m-chlorocarbani = 
late), and CDEC (2-chioroally1 diethyldithiocarbamate) were 
antagonistic on sorghum and giant foxtail (S etaria faberii 
Herrm)* Combinations of EPTC and 2,4,5-T ([2,^,5- 
trichlorophenoxy] 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 
morningglcry (Ipomoe a hederaceae L <*) 9 alfalfa (Medicago 
sativa L •) 9 velvetleaf (Abutilon theophrasti Medic.) 9 and 
cabbage (Brassica olearaceae L ») »

The degree of trifluralin injury to cotton seedlings 
was found to be influenced by the presence of plant 
pathogens (l6 9 30 9 48) . Pinckard and Standifer (48) 
reported that the use of deeply-incorporated trifluralin 
(3 to 4 inches) stunted cotton seedling growth and develop­
ment and predisposed plants to damping off. Where the 
herbicide was used, isolates from seedlings showed an 
increase in incidence of pathogenic Rhizoctonias and no 
change in the presence of Fus aria. Rhizoctonia injury was 
almost entirely eliminated and the number of seedlings and 
their size were improved when PGNB was added to the 
herbicide treatment.

Kappelman and Buchanan (30) have mentioned that 
cotton stands on soils treated with trifluralin were 
severely reduced by seedling diseases when climatic condi­
tions were unfavorable for cotton growtho

The interaction between the herbicides, trifluralin, 
nitr alin, fluometuron (1, l-dimethyl-3-[ a., a_, â, -trif luoro- 
m-tolyl]urea) and prometryne (2,4-bis[isopropylamino]-6- 
[methylthio] -^s-triazine) and the seedling disease organism 
Rhizoctonia solani in cotton were studied (l6)o When
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1 o 5 lb/A of trifluralin and 3 lb/A of prometryne were used 
in the growth chamber 9 an interaction with the pathogen 
that was injurious to cotton occurred between trifluralin 
and a low level of Re solani (0»25 pph) and between 
nitr alin and a high level of Re solani (2 0 0 pph) inf est a­
tion e

Auxin and Cytokinin Growth Regulators 
and Root Growth

The Physiological Control of Root Elongation and 
Lateral Root Initiation by Growth Regulators

Most of the studies on root-growth regulator
relations have been conducted on isolated root segments
(10, 19, 23, 36, kk\ 47, 54, 58, 59, 60, 62, 70). However,
some workers have utilized intact plants in their studies
(5 9 119 18, 22 9 28 9 319 35) o Effects of auxin and cytokinin
on root elongation and lateral root initiation in intact
plants will be reviewed firsto

Levine and Lein (35) studied the effects of
aqueous solutions of IAA9 vitamin Bl\ and colchicine,
individually and in combination, upon the number and the
length of roots of onion (Allium cepa L. ) * A 10 per cent
concentration of IAA was toxic to onion roots » With the

—  8low concentration, 10 per cent, there was an acceleration 
of root growtho At this concentration, however, new root 
formation was stimulated. Vitamin B.l accelerated linear 
growth of onion roots which were previously immersed in a
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10  ̂per cent IAA solution* Colchicine inhibited root

-3growth„ However9 onion bulbs exposed to a 10 per cent
-8solution of colchicine and placed in 10 per cent solution 

of IAA formed new primary roots* Varieties of onions 
reacted differently to IAA 9 vitamin B19 and colchicine 
treatments*

The effects of IAA9 NAA (naphthaleneacetic acid)9
and their corresponding aldehydes on root elongation were
studied by Ashby (5) » Nine small-seeded species were used *
All species showed inhibition of root elongation when
germinated seedlings were placed upon agar containing
100 [Igm/l IAA* Of these species Artemisia absinthium L *
(A mungwort) was selected for the bulk of the study* All
growth substances were found to bring about lessened
Artemisia root growth at 10 and 100 [Igm/l concentrations *

- 1 - 5Stimulatory effect at very low concentrations 9 10 to 10
jlgrri/l 9 were established for IAA and its aldehyde* Root 
growth was less inhibited by a given concentration of 
growth substance over a 24-hour period than over a 4-hour 
period*

Davidson, MacLeod, and Taylor (l8) treated 1-day- 
old seedlings of Vicia faba L » (broadbeans) with 0*02%
colchicine and then transferred treated seedlings to 
solution of IAA of 10  ̂M concentration for 1 day, after 
which the seedlings were grown in aerated Hoagland *s 
solution* Primary roots treated with colchicine and IAA
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showed greater growth than roots treated only with 
colchicine• Lateral roots grew less from primary roots 
treated with colchicine and IAA than from roots treated 
only with colchicine»

Growth inhibition and recovery in roots following 
temporary treatment with auxin have been studied (28) «,
Corn 9 sunflower (Hellanthus annuus L 0) 9 pea (Pisum s ativum 
L o)9 and onion seed were germinated and when the roots were
3 to 4 cm long they were marked and grown in front of a
earner a <, Plant roots were placed in nutrient solution con­
taining either IAA 9 NAA 9 or 2,4-D for a certain time
interval o The film recording showed that IAA at concentra- 

-7tion of 10 M caused a rapid decrease of elongation about 
15 minutes after starting the exposure to IAA, Removal of 
IAA from the nutrient solution resulted in a rapid resump­
tion of elongationo NAA and 2 9 4-D effects on all species 
were similar to those pr oduced by IAA 0 In a similar
study9 Bot trill and Hanson (11) found that 2 9 4-D or IAA at

'■ - 4concentrations of 4 o 5 x 10 M for 5 minutes resulted in an 
immediate reversible inhibition of corn root growth whereas 
long-term exposure gave an irreversible inhibition*

After the discovery of kinetin 9 studies were 
initiated to investigate its effects on roots of intact 
plants (.22 9 31) °

Kemp 5 Fuller 9 and Davidson ( 31) studied kinetin 
activity oh seedlings of tomato (Lycopersicum esculentum
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L o ) growing in sand or in soil. Plants were treated by- 
adding aqueous solutions of kinetin to the sand or soil 
surface. Fifty-mi portions of a 10-, 50-9 or 100-ppm solu­
tions were applied to individual plants in each pot 9 at 
intervals during a 4-week period. As the dosage of 
kinetin increased^ the growth of tomato plants was more 
strongly inhibited. Plants treated with 100 ppm of kinetin 
had small leaves 9 drastically reduced root system, and 
purple pigmentation. The response of plants to 50 ppmw 
kinetin was similar to those treated with 100 ppm. At 
10 ppm^ plant growth was significantly inhibited, but only 
slight indications of the other effects observed with 
100 ppm treatment.

Kinetin and adenine effects on growth of Lupinus 
hartwegii L. (lupine) seedlings were investigated by Fries 
(22). Two-day-old seedlings were transferred to nutrient 
agar medium to which kinetin and adenine were added. Dry
matter production of the seedlings was strongly stimulated

-4 -7by 10 M adenine and by 10 kinetin. At higher concentra­
tions 9 the growth was abnormal. In plants grown in the 
dark 9 the stimulation resulted in accelerat ed growth rate 
of the shoot and lateral roots. Higher concentrations of 
kinetin inhibited the elongation of the main root and above 
threshold values 9 the various manifestations of stimulation 
disappeared.



The isolation and culture in a defined nutrient 
solution of isolated root segments have been used as 
techniques to determine the synthetic capacity of the 
isolated root ? its dependency on the rest of the plant? 
and its response to exogenously applied, chemicals * l

Lindner (36) studied the response of horseradish 
(Cochlearia armoracia L «, ) root pieces to applications of 
saturated aqueous solutions or 2% mixtures of IAA or NAA in 
lanolin. The application of relatively high concentrations 
of IAA and NAA inhibited shoot production but stimulated 
root growth. The response of the root segments was more 
intense when the growth substances were applied at the upper 
cut surface of the segments than when they were applied to 
the lower cut surface.

Studies on the growth factor requirements of iso­
lated pea roots had been carried out by Naylor and 
Rappaport (44). One-centimeter segments of pea.roots 
(2-day-old seedlings) were cut and transferred to a proper 
nutrient medium containing sucrose9 dextrose, casein9 
tryptophane, or IAA„ IAA added to the basal medium was 
effective in a narrow range in promoting uniform and high 
growth rates of pea roots. Greatest promotive activity 
was induced by IAA at 10 g/l„ :

Torrey (38, 59 9 60 , 62) investigated the chemical 
factors limiting lateral root formation in isolated pea : 
roots o In one study (58), tips of Alaska pea roots , 3 to



k mm in length were excised after 48 hours germination and 
transferred to culture dishes9 one-half to agar control 
medium for 1 week (first transfer root tips), and the other 
half to medium containing 1 mg IAA per liter (initial root 
tips)e These two groups of root tips were then used to 
study the effect of decapitation on the root elongation and 
lateral root development » An optimum concentration of 
1 mg/l of IAA solution applied for 3 to 7 days to "initial 
root tips9 " produced a maximum and uniformly reproduceable 
response in number of lateral roots formed e 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 9 resulted in the 
initiation of lateral roots, whereas decapitation of the 
first transfer tips caused no lateral root formation <,
This was considered as an indication of the absence from 
first transfer tips of a factor necessary for lateral root 
formation0 It was postulated, however, that an unidenti­
fied substance other than auxin was necessary for lateral 
root formation in pea roots0 In another study, Torrey (59) 
found that in addition to an auxin (IAA, NAA, 2,4-D),
lateral root initiation in pea roots required an available 
supply of thiamin, nicotinic acid, adenine, and one or more 
micronutrients0 When any of these factors was not supplied 
in adequate concentration, cell divisions in the pericycle 
leading to lateral root formation did not occuro
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Goldacre (23) conducted a study to confirm that 
root meristems contain a diffusible substance which9 in the 
presence of auxin9 promote the formation of further root 
initialso Seeds of flax (Linum usitatissimum L 0) were 
germinated on agar medium and after 4 days, terminal 10-mm 
sections were excised from the radicles and transferred to

-5sterile medium to which 10 M IAA was added. Lateral 
roots were induced to form adventitiously. If some lateral 
root initials were present when IAA was addedr newly induced 
primordia formed preferentially immediately adjacent to 
them o Accordingly 9 it was suggested that a chemical 
stimulus9 kinin9 originating from the existing root 
meristems interacts with IAA to induce further cell divi­
sion in the pericycle. It was proposed that kinin formula­
tion may be a normal accompaniment of cell division.

The activity of kinetin alone and in combination 
with auxin on the response of excised root segments and 
plant tissue cultures was studied (10 9 19 9 4?9 $4, 57? 62) .
DeRopp (19) studied the effect of kinetin on the response 
of fragments of sunflower hypocotyl with or without the 
presence of IAA. Elongation induced in apical sunflower 
fragments by 0 <> 1 [Igm/ml IAA applied to the apical end of 
the fragment was suppressed by 1.0 jlgm/ml of kinetin and 
partly suppressed by 0.1 (Igm/ml of kinetin. In the 
absence of auxin, 1.0 jlgm/ml of kinetin suppressed the 
elongation of hypocotyl fragments. The initiation of



adventitious roots induced by 0«1 [ulgm/ml of IAA applied to 
the apical end of the basal segments was inhibited com­
pletely by loO p,gm/ml of kinetin and partially by Oel |lgm/ 
ml of kinetin* In the absence of auxin9 kinetin did not 
induce the initiation of adventitious roots0

In a series of experiments, Skoog and Miller ($4) 
showed that an unorganized callus tissue derived from 
Nicotiaria tabacum Linn (tobacco) stem pith could be 
induced to differentiate roots or buds or simply continue 
to proliferate as a callus, or stop growing entirely, 
depending on the relative amounts of IAA and kinetin pro­
vided * Little growth occurred without addition of either 
kinetin or IAA* At a constant amount of IAA (2 mg/l), the 
absence of kinetin or the presence of too high concentra­
tions of kinetin (2 to 10 mg/l) little or no growth 
occurred * At low kinetin levels, roots were developed, 
and at relatively higher kinetin levels buds were 
developed* It was concluded that both types of hormones, 
auxins and kinins, were required for growth of callus 
tissue* Low levels of one with high levels of the 
other and vice versa caused opposite morphological growth * 
The importance of both auxin and kinin for the induction 
of cell differentiation and organ formation as proposed by 
Skoog and Miller (54) was confirmed by Pillai and*
.Hildebrandt (47)° Culturing geranium (Pelargonium zomale 
L ’Herito) callus, they found the presence of 0*1 mg/l NAA
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and 10 mg/l kinetin necessary £ or the induction of shoots 
and roots in the geranium callus in 8 to 20 weeks «

Torrey (62) attempting to interpret the normal 
process of lateral root initiation in peas r used IAA 9 
adenine sulfate 9 and the adenine derivative, kinetin, alone 
and in combinations » Seed peas were germinated and root 
segments were obtained and cultured following a procedure 
similar to earlier studies by Torrey ($8, 59, 60).

-5Increasing concentrations of IAA to 5 x 10 M increased 
the number of lateral roots initiated. Tip root segments 
produced consistently fewer laterals than basal segments. 
Adenine sulfate in the presence of the optimum IAA concen­
tration had a slight stimulatory effect on root initiationo 
Kinetin produced two. types of responses, depending on the
concentrations supplied. At low kinetin concentration,

-85.x 10 M, a stimulation of root initiation was observed, 
at increased concentrations, kinetin became inhibitory 
until at 5 ppm almost complete inhibition of root initia­
tion was observed. Kinetin at low concentration increased 
the effectiveness of IAA in inducing lateral root initia­
tion when the auxin was already maximally effective. When 
supplied at higher concentration, kinetin antagonized the 
stimulatory effect of IAA on root initiation, causing 
complete inhibition at 5 ppm coneentrationo

Bonnet and Torrey (10) investigated the chemical 
control of organ formation in root segment of Convolvulus
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arvensis L , (field bindweed)» Isolated root segments were 
capable of developing into plants by forming both endoge­
nous buds and rootso After 6 weeks of culture with the 
growth regulators in the dark 9 only a slight promotion of 
the number of roots was observed when segments were treated 
with auxin alone as compared to 1AA and kinetin supplied 
in combinationo

The importance of kinetin (kinin) for the initiation 
of roots in the presence of an auxin has been strengthened 
by the recent evidence for the primary synthesis of a 
kinin in the roots» Kinetin-like compounds have been 
detected in root exudates of tobacco and Vitis vinifera 
Marsho More recently9 by extraction of segments of 
seedling roots of sunflower and bioassay of the extract9 
it has been shown that the kinin activity is concentrated 
in the root apex (57)°

Growth Regulator Control of Cell Division and 
Cell Enlargement

Histological responses of roots to auxins have 
been studied (7? l49 69)0 Bulbs of Allium cepa L «, 9 
Narcissus 9 and Tulip a were rooted in water and transferred 
to nutrient solution containing 10 or 20 ppm of auxins 
such as IAA 9 NAA 9 and tryptophane (l4)* Roots of Allium 
and Narcissus thickened markedly back of their growing 
points as a result of the growth regulator treatments <>
Roots of Tulipa showed little enlargement and no
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adventitious root formation« In Allium and Tulipas 
proliferation of the pericycle was observed, but only in 
AlijLwn formation of numerous root primordia -observed 0 
Beal (?) reported a cessation of elongation of the 
primary root of young seedlings of Vicia f aba L 9 when 
placed in certain aqueous solutions of heteroauxin<, 
Relatively high concentrations inhibited elongation and 
resulted in marked increase in diameter and the production 
of numerous lateral roots„ The increase in diameter has 
resulted chiefly from the activity of the cells of the 
pericycle regiono Webster and Davidson (69) investigated 
the activity of IAA and colchicine on the duration of the 
mitotic cycle of the root meristematic cells of Vicia faba 
L o Cells of the root meristem were labeled with tritiated 
thymidine and treated with IAA and colchicine or both»
IAA delayed cells in S . stage (synthetic ■■.interphase' [DNA] ) , 
This resulted in the temporary fall In Mitotic Index<> 
Colchicine treatment shortened the mitotic cycle of the 
cells by stimulation of cells in G (presynthetic inter- 
phase) or early S to complete interphase faster than 
untreated cells. The effect of IAA in prolonging inter- 
phase was also seen in roots treated with IAA and 
colchicine, .

Effects of kinetin alone and in combination with 
auxin on cell division have been investigat ed (21, 25 ?
6l, 65 9 6.8)0 Guttman (25) transferred rooted onion bulbs
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to vials containing control or kinetin solutions with 
concentrations ranging from 0»01 ppm to 5 ppm„ Histo­
logical observations indicated that high concentrations of 
kinetin affected particularly the prophases. At such 
concentrationsg kinetin did not inhibit the initiation of 
mitoses^ but prevented its continuation. It was proposed 
that the polyploid cells observed at high kinetin concen­
trations were due to a lack of synchronization between 
nuclear division and cytokinensis«

Torrey (6l) cultured pea foot segments in media 
containing 10  ̂M 2 9 4-D or 10  ̂M IAA and 0 to 5 ppm 
kinetin. He reported that on a medium lacking kinetin9 
callus tissue developed 9 but mitosis was observed only in 
diploid cells. Upon the addition of 1 ppm kinetiny the 
number of cells in mitosis approximately doubled and a very 
high percentage of dividing cells possessed the tetraploid 
chromosome number. However, lower concentrations of kinetin 
were proportionally less effective in stimulating mitosis 
and in bringing tetraploid cells into mitosis.

A comparative study was made of the effectiveness 
of various hormone and metabolite mixtures in inducing 
vascular cambium initiation and secondary vascular tissue 
formation in isolated roots of Raphanus sativus L .
(radish) (65)o Requirements for auxin (IAA) and cytokinin 
(6-benzylaminopurine) were absolutes; in their absence no 
cambium was formed.
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Digby and Wareing (21) initiated experiments using

cambial cells of Acer p s eudop1at anus Falk (maple) grown in 
liquid suspension culture to which growth hormones were 
added when needed, and studied the. interaction of the 
hormones kinetin, IAA, and GA (gibberellie acid) in the 
promotion of cell division and expansion. IAA increased 
mean cell size at concentrations from 0 to 10 ppm, but de­
creased cell number at concentrations higher than 2 o 5 ppmo 
With kinetin, there was an increase in cell number (at 0 to 
10 ppm concentration) with an optimum response at 5 ppm; 
this was accomplished by a marked reduction in mean cell 
size. GA treatments gave results similar to kinetin treat­
ments . Combination of IAA and kinetin resulted in a marked 
synergism in the promotion of cell division, but the mean 
cell size was significantly greater than when the cells 
were treated with kinetin alone. Treatment with all three 
hormones combined gave a mean cell size which was about the 
same as that found after IAA/GA or IAA/kinetin treatment, a 
similar response was obtained with cell number.

Van? t Hof (68) studied the action of IAA and 
kinetin on the mitotic cycle and the induction of cell 
division and DNA synthesis in stationary phase pea root 
cells. The terminal 1 cm of garden pea roots was excised 
and placed in different growing media. The influence of 
kinetin and IAA on 'the ■G (presenthetic) , S (DNA synthetic) , 
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 was

Odetermined with the use of tritiated thymidine ( H-T)0 
Kinetin slightly increased and the durations„ IAA
appeared to act primarily on the duration of S 0 The 
combination of kinetin and IAA produced all three results <> 
The effect on stationary phase cells, i ,e » 9 cells that are 
retained in either G^ or G^ until provided sucrose, indi­
cated that kinetin and IAA impaired the initiation of DNA 
synthesis of most but not all of the G^ cells o The 
combination of kinetin and IAA reduced the initiation of 
DNA synthesis by G^ cells and further impaired the progress 
of cells through S.; G^ cells also displayed sensitivity to 
the combination of kinetin and IAA in that they entered 
mitosis at a low rate o



MATERIALS AND METHODS

This research was conducted in a greenhouse and a 
growth chamber at The University of Arizona 9 Tucson9 
Arizona 9 during 1968 and 1969 <> The primary objective was 
to investigate the effects of trifluralin in combination 
with organophosphorus compounds or growth regulators on root 
development of Deltapine Smooth Leaf cotton seedlings,

Soil-Applied Trifluralin, Phorate r and 
Their Combinations

Experiments were conducted in a greenhouse during 
the summer of 1969 to study the effects of soil-applied 
trifluralin 9 phorate, and trifluralin-phorate combinations 
on cotton seedlings. The soil in this study was collected 
from the Casa Grande Highway Farm» It was air-dried and 
passed through a 3-nun-mesh screen* It was a sandy loam 
soil (64% sand, 26% silt, and 10% clay) with an organic
matter content of 1%*

In preliminary tests in the greenhouse, glass boxes 
and pots were used to determine the method and rate of 
application, depth of chemical incorporation in the soil, 
the method, rate, and frequency of irrigation, greenhouse 
temperature, seed germination, and the plant characteris­
tics to be studied to evaluate plant response to treat­
ments 6

29 ■
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Cotton seeds were planted in perforated, round 

plastic pots , 150 mm in diameter at the top, 105 mm at
the bottom, and 150 mm deep» About 2125 g of soil was 
needed to fill each pot to within 25 mm of the rim„ The 
surface 40 mm, of the potted soil, weighing 750 g, com­
prised the layer containing the various chemical treat­
ments 0

The trifluralin used was a commercial emulsifiable 
concentrate o Trifluralin rates were 0, 0 <> 56 , 1 «12 , 1*68, 
and 2 o 24 kg/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/ha. Aqueous dilution of trifluralin 
was made so that a volume of solution contained the required 
dosage of trifluralin« This volume of trifluralin was 
sprayed on the 750 g of soil» Before spraying, the soil 
was spread on a piece of plastic (60 by 60 cm) and flattened 
to a depth of about 25 mmo After spraying, trifluralin was 
incorporated into the soil by stirring and shaking* Phorate 
was weighed for each treatment and added to soil previously 
treated with trifluralin or untreated soil, and incorpor*- 
ated into the soil in the same manner as trifluralino 
Water was also applied to untreated soil (control) and 
incorporated into the soil in the same manner as tri­
fluralin o ...

At planting, untreated soil (weighing 1375 g) was 
placed in the pot, leveled, and 400 ml of water per pot were
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then added« Paper was placed on the soil surface prior to 
adding the water to prevent erosion« After the soil 
absorbed the water9 about 470 g of the treated soil was 
placed in the pot on the untreated soil and spread uni­
formly to a depth of 25 mm = Twelve healthy cotton seeds 
were spaced on the soil surface« Paper was also placed on 
the soil surface prior to addition of 100 ml of water. The 
seeds were then covered to a depth of 15 mm with treated 
soil (28o g)« The soil surface was finally covered with 
about 5 mm of peat moss.

This study was a 5 by 5 factorial experiment and 
the treatments were arranged in a randomized block design 
with four replicationso The entire experiment was repeated 
twice «

The greenhouse was provided with heat below 20 C 
and wa:s cooled above 27 C . For plant protection from 
insects, the greenhouse was fumigated with pyrophosphate 
bombs 2 or 3 days before each experiment»

Three days after emergence, cotton seedlings were - 
thinned to five plants per pot. Seven days after seeding 
and then every 2 days 250 ml of water were applied to the 
soil surface of each pot o

Eleven characteristics were measured to evaluate 
cotton response to trifluralin and/or phorate soil treat­
ments. These were: (a) number of germinated seeds, (b)
shoot length l4 days after seeding, (c) shoot length 21
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days after seeding^ (d) shoot dry weight 9 (e) root dry
weight ̂ (f) plant dry weight, (g) number of lateral roots
at 0 to 4 cm region of the primary root9 (h) number of
lateral roots at 4 to 8 cm region, (i) number of laterals 
at 8 to 12 cm region, (j) number of laterals at 12 to l6 cm 
region, and (k) total number of lateral roots on each planto 
Number of emerged seedlings were counted 7 and 10 days 
after seeding» Shoot length was measured from the soil 
surface to the shoot apexoi Root measurements were obtained 
as follows o When the cotton seedlings had two to three true 
leaves, 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 the 
soil with water o After the roots were free of soil, the 
seedlings were placed in plastic bags in the refrigerator o 
The plant materials were transferred to the laboratory for 
root measurementso Cotton seedlings were placed, one at a 
time, in a long pan containing cold water. A 30-cm ruler 
was fixed inside the pan to facilitate root measurements <,
The lateral roots were counted in every 4-cm region of the 
primary root beginning from the transition zone downward* 
After lateral root measurements, the shoots and roots Were 
separated, placed separately in paper bags, and oven-dried 
at 80 C for 24 hours» The data were analyzed for each 
character using factorial and multiple regression analyses* 
Linear, quadratic, and linear by linear interactions were



obtained for trifluralin treatments and phorate treatments <> 
Predicted values of each factor were obtained using the 
quadratic equation» The predicted values were then used 
for the study of the response surfaces 0

Culture Solution Studies in the Growth Chamber
A series of experiments were conducted, in a growth 

chamber in a Botany laboratory at The University of Arizona, 
to investigate root development of cotton seedlings grown 
in culture solutions of organophosphorus compounds including 
phorate, or growth regulators, alone and in combination 
with trifluralin. The procedure in all of the growth 
chamber experiments was as follows <>

Seedlings of Deltapine Smooth Leaf cotton were 
germinated and grown in a control or chemical treatment 
solution cultureso Control seedlings were supplied with 
one-half strength Hoagland 9 s solution (4); however , FeSO^ 
was replaced by iron chelated with ethylenediamine tetra­
acetate (EDTA) , (24)o Stock solutions of the chemicals were 
prepared by combining the measured amount of each chemical 
with one-half str ength Hoagland1s solution» Solutions were 
then prepared by dilution of the chemical's stock solu­
tions o

Several cultural techniques were evaluated to 
obtain a proper plant growth and response to applied 
.chemicalso The following technique was selected. At



3. - • 'seeding, a three-layer paper towel, 33 by 3° cm, was 
placed on a piece of thin plastic (40 by 40 cm), and wetted 
with 80 ml of the treatment solution. After the paper 
towel had uniformly absorbed the solution, 20 selected 
cotton seeds were placed horizontally, radicle down, 3 cm 
from the top of the paper towel„ The paper towel was over­
lapped to cover the seeds, rolled loosely, and the roll was 
placed upright in a kOO ml beaker,.75 mm in diameter and ; 
124 mm deep, containing 300 ml of the same solution used
to wet the paper tiowel« The beaker was covered with a thin
■'■ ■■ ‘ ' ' ' - . - ; ' ■ . ■■ ■■ ■ '■ : - : ■. plastic and three small aeration slits were made. Beakers -
were transferred to the growth chamber and supplied with
forced air« Seed germination in paper towels proceeded in
darkness at 29 to 30 C and about 80% humidity for 3 days
(germination period)» At the end of the germination
period, the beakers were removed from the growth chambers
uncovered and the paper towels were unrolled» Germinated
seeds were counted, homogeneous seedlings were selected,.
and their hypocotyls and radicles were examined and
measuredo

Seedlings were grown for 4 days (growing period) in 
32 by 200 mm culture tubes (three, seedlings per tube) 
containing 120 ml of either the'Same solution used for 
germination or a different solution« In the culture tubes,

1/ • ' • - " ■ ■ ' ■ . -■ ■'  ̂ : ' - . ' — Kimtowels, disposable shop towels, Kimberly-
Clark, Neenah, Wisconsin»
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cotton seedlings were supported by a pipette (Fig, 1)0 
The wide end of a bacteriological disposable capillary 
pipette 3 225 mm long was wrapped with a 5 by 8 cm piece of
paper towel• Cotton seedlings were placed against the 
paper towel and held on the pipette with a strip of white 
sponge (l4 by 2 by 1 cm) by wrapping the sponge gently 
around the seedlings at the transition zone of each and 
around the pipette. Then, the sponge was supported on a 
small, round tapered hollow stopper with bottom removed, by 
inserting the narrow end of the pipette and the seedling 
radicles through the stopper„ The upper diameter of the 
stopper was 35 mm, slightly wider than the culture tube 
diameter at the top. The pipette with the cotton seedlings 
attached to it was inserted into the culture tubes, so that 
the radicles with the narrow end of the pipette and part 
of the paper towel were covered by the solution and the 
cotyledons with the wide end of the pipette were upward.
The culture tubes containing cotton seedlings were then
placed in a plastic rack, transferred to the growth chamber, 
and supplied with forced air. Solutions of different 
treatments were added daily to maintain the level in the 
tubeso

Forced air supplied to the cotton seedlings during 
germination and growth periods was bubbled slowly through 
the liquid medium in the beakers or culture tubes from a
laboratory outlet via rubber tubing through the following:



Fig. 1. 

A B 

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. 
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glass wool9 a distilled water humidifier 9 a rubber tubing 
to the growth chamber 9 a rubber tubing manifold inside the
growth chamber 9 a sterile disposable hypodermic needle
21 9 0 e 5~cm rubber tubing 9 and a .225 mm long disposable
capillary pipette inserted into the beaker or into the 
culture tube where it supported the cotton seedlingso

One fluorescent tube was installed in the growth 
chambero The light intensity was approximately 250 ft-c 
at the top of the plants. The daylength was l6 hours and
the temperature was 29 to 30 C during the light period and
26 to 2? G during the dark period*

After the 4-day growth period (7 days after 
seeding)9 culture tubes were taken from the growth chamber 
and the plants were removed 9 examined 9 and the hypocotyls 
(shoots) and primary roots (radicles) lengths were measured 
and the number of lateral roots at 0 to 2 9 2 to 49 4 to 6-
cm root regions and total number of lateral roots per plant 
were counted*

Cotton seeds having 1 cm or longer hypocotyl- 
radicle growth were considered germinated* Hypocotyl or 
shoot length was measured from the transition zone upward 
and the radicle or primary root was measured from the 
transition zone downward* The lateral roots were measured 
in a procedure similar to that used with plants grown in 
the greenhouse*



For protection against lights the beakers and
culbure tubes were covered with aluminum foil. To maintain

( ‘sterile growing conditions, nutrient solution, beakers,
culture tubes, bottles, pipettes, funnels, and graduate
cylinders were sterilized by autoclaving at 121 C and 

21.05 kg/cm for 15 minutes. The growth chamber was fre­
quently washed by a detergent and sterilized with a 10% 
water solution of 5 «25% sodium hypochlorite.

Trifluralin, Phorate, and Their Combinations in 
Culture Solutions

The effects of rate, duration, and type of treat­
ments of trifluralin, phorate, and trifluralin-phorate 
combinations in solution cultures on cotton root development 
were investigated. Emulsifiable contentrates of trifluralin 
and phorate were used. Preliminary tests were conducted to 
determine the rates of trifluralin and phorate to use. 
Trifluralin and phorate were tested at rates from 1 to 100 
ppmw, alone and in combinations. Cotton seedlings were 
germinated and grown in trifluralin and phorate solutions 
and their combinations following a procedure described 
earlier o To study the influence of trifluralin or phorate 
treatments, cotton seedlings were germinated for 3 days in 
trifluralin 5 and 15 ppmw or phorate 10 and 50 ppmw solu­
tions, then transferred and grown for 4 days in either the 
same or different solutions. Six factorial experiments,
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 twice9 
and the data were analyzed by a factorial analysis„

Trifluralin and Organophosphorus Compounds in 
Culture Solutions

To evaluate the role of the organophosphorus
compounds in the interaction of phorate and trifluralin on
cotton root development 9 15 organophosphorus compounds
(hereafter called 0» P , C „) were obtained and their effects
on cotton root growth were studied individually and in
combination with trifluralin in culture solutions, The
0 o P o Co were selected on the basis of their chemical
structure's similarity or dissimilarity to the phorate.
Data in Table 1 show the number, chemical name, and the

1molecular weight of phorate and the 15 0* P . C .
Several preliminary tests were made with these 

compounds since no information was available other than 
their boiling or melting points » Solubility of each
compound was tested in different solvents » Distilled water ,

■ ■ 2 W  '95% ethanol, 5% hydrochloric acid, and 0.1% Tween 20 (a 

1 /— 0 o Po Co 1 to 11 were selected from Aldrich 
Chemical Catalog, l4, 1969-1970, and obtained from
WiIshire Chemical Co * Inc. , Gardena, California o 0 o P « C .
12 to 15 were obtained from Dr. R» Bo. Bates, Chemistry 
Department, The University of Arizona»

2/  •— A product of The Atlas Powder Company,
Wilmington, Delawareo



Table I ® Number 9 chemical name 9 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
number Chemical name

Molecular
weight

Phorate (0 ,0-diethyl S_-[ ( ethyl thio)-methyl]- 
phosphorodithioate) 260.37

1 Trilauryl trithiophosphite 635.16
2 Diethyl dithiophosphate 186.23
3 Ethyl dichlorophosphate 162.94
4 Triethyl thiophosphate 198.22
5 Diphenyl chlorophosphate 268.64
6 Diethyl chlorothiophosphate 188.6l
7 Diipethyl chlorothiophosphate 160.56
8 Phenyl phbsphonothioic-dichloride 211.05
9". Triphenyl phosphite 310.29

10 Tris-(P-nitrophenyl) phosphate 461.28
ii Diphenyl dithiophosphinic acid 250.32



Table 1.--Continued

12 Dipropyl methylene-cyanophosphite 205.00
13 Triphenyl methylphosphonium iodide 4o4.oo
14 Triphenyl ethylphosphonium bromide 371.00

, 15 Diethyl ethylacetate^phdsphite 224.00
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polyoxy ethylene sorbitun mono1aur at e 9 a surfactant) were 
tested to obtain and maintain dispersion of the 0» P, C . in 
nutrient solution,, Tween 20 was most satisfactory. In 
dispersing the 0 , P , C , in Tween 20 9 a measured amount of 
each compound was added to 15 ml of „ 1% of the surfactant 
and the mixture was warmed to about 45 C and stirred until 
the compound was completely mixed or dissolved in the 
surfactant. With rapid stirring9 the surfactant-0, P, C, 
mixture was introduced into a volume of warm half-strength 
Hoagland's nutrient solution to give the desired final 
concentration. Similar quantity of ,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 study was necessary. In a test in the greenhouse 0,
Pi C, 12 to 15 were tested as a soil treatment at rates of 
44,8 and 89,7 kg/ha each, alone and in combination with 1*12 
kg/ha trifluralin. Since the stability of the 15 0, P, C, 
was unknown, the chemicals were tested in solution cultures 
in the growth chamber. The 0, P, C, were applied at 50 ppmw 
alone and in combination with 5 ppmw trifluralin. Cotton 
seedlings were germinated and grown in a procedure similar 
to that described before, Organophosphorus compounds 3 9 8, 
13, and l4 were toxic to cotton seedlings and increased 
trifluralin toxicity. Only the other 0, P, C, were used in
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subsequent studiese These compounds were studied 9 at 100 
ppmw, alone or with trifluralin at rates of 5 and 15 ppmWo 

Treatments were replicated three times in a randomized 
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 solutions of IAA and kinetin were kept refrigerated in 
sterilized brown bottles. In preparing the stock solutions, 
IAA was dissolved in 15 ml of 95% ethanol and kinetin in 15 
ml of 3% aqueous solution of hydrochloric acid. When 
similar quantities of ethanol and hydrochloric acid were 
added to half-strength Hoagland f s nutrient solution 
controls, no visible effects upon cotton roots were pro­
duced.

To determine maximum plant response to IAA and 
kinetin, alone and in combination with trifluralin, pre­
liminary tests were carried out with each chemical. IAA 
and kinetin were tested at rates of 1 and 5 ppmw, each, 
alone and in combination with trifluralin at 5 ppmw treat­
ments. Four experiments were conducted utilizing tri- 
fluralin with IAA and kinetin.

The effects of IAA at rates of 5 and 10 ppmw, 
kinetin at rates of .5 and 1.0 ppmw, and trifluralin at
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rates of 5 and 15 ppmw9 each, alone, and in all possible 
combinations on cotton root development were studied in 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 included trifluralin at rates of 0 and 5 
ppmw; IAA at rates of 5? 10, 159 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 lAA/kinetin/trifluralin 
in culture solutions affected cotton seedlingso The ratios 
were number 4, 6 , 9, and 11 of Table 2 « Five different
levels of IAA/kinetin of each of the four ratios selected 
were formed and combined with trifluralin at 5 ppmw in 
Experiment 3 (Table 3)°

IAA, kinetin, trifluralin at high rates, and their 
combinations were studied in Experiment 4<> Trifluralin was 
used at rates of 0, 5 9 10, and 15 ppmw; IAA at rates of 0, 
10, 20, and 40 ppmw; and kinetin at rates of 0 , o 5 9 and 
2 o 0 ppmwo

Treatments of the four experiments were arranged in 
the growth chamber in a randomized block design with three 
replicationso Each experiment was repeated twice and the 
data were analyzed. However, the data collected in Experi­
ment 3 were not analyzed, since the main interest was to
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Table 2 » Trif luralin/IAA/kiiietin ratios studied to
determine their effects on cotton root develop­
ment in culture solutions (Experiment 2)0

ppmw
Ratio number Trifluralin IAA Kinetin

1 0 0 . 0
2 5 0 0
3 5 5 .5
4 5 10 • 5
5 5 15 • 5
6 5 20 -5
7 5 25 »5
8 5 5 1.0
9 ' 5 10 oH

10 ■ 5 15 H 6

11 5 20 OH

12 5 25 1.0
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Table 3° Ranges of lAA/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 ) o

Ratio number 
(selected , 
from Table 2)

Trifluralin 
(ppmw)

IAA Kinetin 
(ranges in ppmw)

5 l 0.050
5. 5 0.2504 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 O.75O
5 40 1.000
5 1 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 40 2.000
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find out the relative performance of these combinations 
with corresponding decrease or increase in lAA/kinetin 
rates.

The data on trifluralin/IAA/kinetin collected in 
Experiments T through 4 were studied together„ The effects 
of increasing rates of IAA or kinetin on growth and number 
of lateral roots of cotton seedlings grown for 7 days in 
IAA or kinetin solutions of Experiments 1 and 4 were 
examined togethero Number of lateral roots produced by 
cotton seedlings 7 days after seeding in treatments of 
increasing rates of IAA and kinetin in the presence of 5 
ppmw trifluralin in Experiments 1 through 4 were considered 
togethero

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

To study the effects of trifluralin and/or phorate 
bn cotton root tissues9 cotton seedlings were germinated 
and grown in the growth chamber as described before« Seed­
lings were grown in the solutions of half-strength 
Hoagland[s nutrient solution (control)9 trifluralin at 5 
and 15 ppmw9 phorate at 50 ppmw9 and in the combination 
treatment of 10 ppmw phorate plus 15 ppmw trifluralino 
Root samples for histology study were taken from 5- and 7- 
day-old seedlings growing in the same solution. Root tips 
and basal foot segments were obtained from 3-clay-old seed­
lings and root tips 9 middle root segments and basal root
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segments were obtained from 7-day-old seedlings. Root 
segments were cut in water from the primary roots with a 
sharp blade and placed in vials containing formalin-acetic 
acid-alcohol (FAA) for killing and fixing. The segments 
were dehydrated and embedded in paraffin. Cross and 
longitudinal sections? 12- to l4-|l thick? were cut with a 
rotary microtome? affixed to slides with Haupt's adhesive? 
and stained with a safranin-fast green stain. Permount 
was used as the mount ant (29) » The prepared slides were 
examined using a microscope and epidermal? cortical? 
endodermal? and pericyclic cells and lateral root initials 
were studied.



RESULTS AND DISCUSSION

Soil-Applied Trifluralin, Phorate, and 
Their Combinations

Data summarizing the effects of trifluralin9 
phorate, and their combinations on the average shoot 
lengths at l4 and 21 days after seeding; shoot dry weight 9 
root dry weight; plant dry weight; number of lateral roots 
at 0 to 4, 4 to 8 , 8 to 129 and 12 to l6 cm root regions;
and total number of lateral roots of cotton plants grown in 
the first and second seedings are given in Tables 4 through 
13 * The analyses of variance of data collected on each of 
the eleven characteristics in the first and second seedings 
are presented in Tables l4 and 13 respectively.

Soil applications of trifluralin9 phorate9 and 
trifluralin-phorate combinations did not affect cotton 
germination in the two seedlings (Tables. l4 and 15)° Shoot 
lengths of cotton plants l4 days after seeding were not 
influenced by treatments in the first seeding (Table l4)9 
but there were significant differences between phorate 
treatments of the second seeding (Table 15)° The analysis 
of variance of data on each of the other nine characteris­
tics for the first and second seedings showed significant 
differences among treatments (Tables l4 and 15)°

. 49 -



Table 4. The effect of trifluralin, phorate, and trifluralin-phorate combinations
on cotton shoot length l4 days after seeding (first and second
seedings).

Shoot length (mm)

Phorate 
kg/ha

First seeding Second seeding
Trifluralin, kg/ha

Aver­
ages

Triflur alin, kg/ha
Aver­
ages0.0 0.6 1.1 1 0 7 2.2 0.0 0 .6 1.1 1.7 2.2

• .0 62 53 58 52 5 5 V 56— / 87 57 80 76 68 74
22 48 63 56 70 64 60 84 85 85 82 79 83
: 45 6i 6.1 60 53 57 58 80 90 89 86 85 86
67 65 61 59 61 60 61 96 81 90 84 82 87
90 56 54 69 66 54 60 80 83 81 85 87 83

Average 58 58 60 60 5&i/ 85 79 : 85 83 80

LSD (5%):
1/— For mean comparisons

within the table N »S 0 N e S »
2 /For trif luralin or

phorate means N 0S <, 6 »9



Table 5■> The effect of trifluralin, phorate, and trifluralin-phorate combinations
on cotton shoot length 21 days after seeding (first and second
s eedings).

Shoot length (mm)

Phorate
kg/ha

F irst seeding Second seeding
Tr i f 1 ur al in. kg/ha

Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 0.6 1.1 1°7 2.2 0.0 0 .6 1.1 1.7 2.2

0 79 68 73 63 671/ 70^/ 108 79 94 85 78 89
22 66 83 75 90 . 87 80 107 109 109 110 105 108
45 83 8l 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 i n

Average 78 76 80 78 76-/ LOS 104 108 107 106

LSD ( 5°/o) !
— or mean comparisons

within the table N .S „ 19°7
^ F o r  trif lur al in or

phorate means 7-5 8.8



Table 6 & The effect of trifluralin, phorate, and trifluralin-phorate combinations
on cotton shoot dry weight 21 days after seeding (first and second
s eedings).

Shoot dry wei ght (mg)
First seeding S econd seeding

Trifluralin , kg/ha
Aver­
ages

Trifluralin, kg/ha
Aver­
ages

rnoraxe — 
kg/ha 0 .0 0.6 1.1 1 .7 2.2 0.0 O'.6 1.1 1.7 2.2

0 242 231 221 222 270i/ 237— / 399 329 429 386 362 381
22 139 224 196 224 239 204 283 291 274 295 290 287
45 191 203 203 211 199 201 244 244 266 259 283 259
67 . 189 198 191 184 190 190 171 251 252 26l 255 238
90 l6l 160 223 178 180 180 234 234 227 247 264 241

Average 184 203 20? 204 2 1 & 266 270 290 290 291

1/.—  For mean comparisons
within the table N„S = N.S =

2/— For triflufalin or
phorate means 25-5 20.8



Table 7« The effect of trifluralin, phorate, and trifluralin-phorate combinations
on cotton root dry weight 21 days after Seeding (first and second
s eedings).

Root dry weight (mg)
F irst seeding Second seeding

Phorate r 
kg/ha

Trifluralin, kg/ha
Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 0.6 1.1 1 .7 2.2 0.0 0.6 l.l 1-7 2.2

0 69 46 36 32 35~/ 4 ^ 122 73 52 36 29 62
22 36 52 47 . 54 53 48 83 85 72 • 81 72 79
45 49 54 55 57 51 53 66 69 80 66 83 73
67 . 54 46 50 51 48 50 68 . 70 6 9 77 68 70
90 42 32 59

\
4i 49 45 58 6l 63 69 73 65

Average 50 46 49 47 4 7 ^ 79 67 66 65
LSD (5%):
1 /—  For mean comparisons

within the table N„S„ 18.6
— ^For trifluralin or

phorate means N.S . 8.3



Table 8„ The effect of trifluralin, phprate, and trifluralin-phorate combinations
on dry weight of cotton plants 21 days after seeding (first and second
s eedings).

Plant dry wei ght (mg)

Phorate
kg/ha

F irst seeding Second seeding
Trifluralin, kg/ha

Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 . 0 = 6 1.1 1.7 2.2 0.0 0 .6 1.1 1.7 2 = 2

0 311 277 • 257 254 305i/ 281-/ 521 402 481 422 399 443
22 175 276 243 278 292 252 366 376 346 376 362 366
43 2 TO 257 258 268 250 254 310 313 346 325 366 332
67 243 244 24l 235 238 240 239 321 321 338 323 308
90 203 192 282 219 229 225 292 295 290 316 337 306

Average . 234 249 256 251 263^/ 345 342 357 356 356

LSD (5°/o) : 
1 /— For mean comparisons

within the table N.S. N.S.
2/— z For trifluralin or

phorate means 32 oO 27.8



Table 9- The effect of trifluralin, phorate, and trifluralin-phorate combina­
tions on the number of lateral roots at 0 to 4 cm region of cotton
root 21 days after seeding (first and second seedings) .

Number of lateral roots at 0 to 4 cm region

Phorate 
kg/ha

F irst seeding S econd s eeding
Trifluralin, kg/ha

Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 0.6 1.1 1 o 7 2. 2 0.0 0 .6 1.1 1«7 2 .2

0 22 1 1 1 26 1 0 ‘ 0 0 5
22 22 22 22 22 20 22 24 25 24 21 19 23
45 24 23 23 24 21 23 25 23 25 23 24 24
6.7 22 23 20 20 23 22 24 . 25 23 25 24 24
90 23 20 . 24 22 24 23 24 25 24 24 25 24

Average 23 18 18 18 181/ 25 20 19 19 18

LSD (5°/o):
1 /—  For mean comparisons

within the table 2,9 2.9
2/—  For trifluralin or

phorate, means 1.3 1»3



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

Phorate
kg/ha

First seeding S econd seeding -

Trifluralin, kg/ha
Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 0.6 1.1 1.7 2.2 o.b 0 .6 1.1 1.7 2.2

0 14 21 21 21 22— / 20— / 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 l6 19 17 16 17 15 16 l6 l6
90 15 11 18 18 16 16 15 16 15 15 15 15

Average 15 18 17 18 1 9 ^ 15 17 17 17 , 17

LSD (5°/°) :
1 /— For mean comparisons

within the table 3•5 2.5
2 /— For trifluralin or

phorate means 1.6 1.1



Table 11« The effect of trifluralin, 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

Phorate
kg/ha

First seeding Second seeding
Trifluralin, kg/ha

Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 0 .6 1.1 1.7 2.2 0.0 0.6 1.1 1.7 2.2

0 9 15 14 13 18-/ l4— / 9 14 16 15 17 l4
. 22 7 12. 10 12 ii 10 9 10 8 10 10 9
45 10 13 11 12 n 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

Average 10 12 11 12 13-/ 9 10 11 11 11
LSD (5%):
1 /For mean comparisons

within the table 3 ° 2 2.5
2/— For trifluralin or

phorate means ' 1«4 I d
vn**n3



Table 12. The effect of trifluralin, phorate, and trifluralin-phorate combina­
tions on the number of lateral roots at 12 to l6 cm region of cotton
root 21 days after seeding (first and second seedings).

Number of lateral roots at 12 to 16 cm region

Phorate 
kg/ha

First seeding Second seeding
Trifluralin, kg/ha

Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0i 0.6 i.i 1.7 2.2 0.0 0.6 1.1 1.7 2.2

0 2 5 < .3 41/ 3— / 1 3 4 6 6 4
22 0 l 1 0 0 0 1 1 1 1 2 1
45 0 2 1 1 0 1 1 1 1 1 2 l
67 1 1 1 0 1 1 2 1 1 1 1 l
90 1 1 1 . 1 1 1 1 1 2 1 1 l

Average 1 2 1 1 ll/ 1 1 2 2 2

' LSD (5%):
1/■— For mean comparisons

within the table N.S. 1.4
2/— For trifluralin or

phorate, means 0.9 0.6



Table 13» The effect of trifluralixi, phorate, and trifluralin-phorate combina­
tions on the total number of lateral roots of cotton 21 days after
seeding (first and second s eedings) -

Number of lateral roots

Phorate
kg/ha

First seeding S econd seeding
Trifluralin, kg/ha

Aver­
ages

Trifluralin, kg/ha
Aver­
ages0.0 0.6 1.1 1.7 2.2 0.0 0.6 1.1 1.7 2.2

0 47 42 38 38 45-/ 42-/ 52 39 43 42 45 44
22 42 52 49 52 51 49 50 51 48 48 48 49
45 50 58 52 54 49 52 46 50 51 49 52 49
6? 50 55 46 . 46 56 51 52 53 49 52 52 51
90 50 4o 55 53 52 50 48 50 50 49 51 49

Average 49 50 47 49 51— 7 50 48 49 49 48

LSD (5%):
1 /— For mean comparisons

within the table 8,8 5,8
2/—  For trifluralin or

phorate means 3.7 2.6
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Table 1& « Portion of the analyses of variance of cotton germination 

weight 9 root dry weight 9 plant dry weight, number of late 
root regions, and total number of lateral roots per piant 
trif lur alin-phorat e combinations ( first seeding) <, j

, shoot lengths at 
ral roots at 0 to 
, after treatment

l4 and 21 days after seeding, 
4, 4 to 8, 8 t(| 12, and 12 to : 
with trifluralin, phorate, and

: j '

shoot dry 
l6 cm of

Mean square j
Shoot 
1ength 
14 days

Shoot 
1ength 
21 days

S ho 01 , 
dry 

weight
Root
dry
weight

Plant
dry

weight

Laleral roots atiJLV C C
of Germina- 

Source of variation freedom tion
0 to 4

cm
4 to 8 1 

cm
j 8 to 12
l cm1

12 to 
cm

16
Total

Trifluralin treatments 4 5 28 6o 2553 57 2180 92** Zj.̂ * * jj 32* * 4 32
Phorate treatments 4 78 377* 9255** 285 8067* 1173** 54* * 31** 23* * 338* *
Trifluralin x Phorate 16 4 152 . 217 2050 389 3784 78* * 19** 13** 2 93*
Trifluralin, linear 1 2 4 1 . 7838* 46 6339 1900** 131** ! 91** 0 64
Trifluralin, quadratic 1 1 51 54 5888 12 361 128** 24** ! -  ■

1 13
Phorate, linear 1 7 122 599* 32742** 21 29622** 2464* * 158** | 4l** 34* * 613* *
Phorate, quadratic 1 2 78 667* 2047 1069* 80 1622** 10 24* 36* * 673**
Trifluralin, linear x 
Phorate, linear -1 4 0 1 1541 1082* 11 445** 23** 28* 1 108
Error 72 3 100 136 ; 1626 219 2561 4 6 5

i
2 37

* Significant at '5% level,
■ 1  . .

* *Significant at 1% levelo

1



Table 15* Portion of the analyses of variance of cotton germination 
weight 9 root dry weight, plant dry weight, number of late 
root regions, and total number of lateral roots per plant 
trifluralin-phorate combinations (second seeding).

shoot lengths at l4 and 21 daysiafter seeding, shoot dry 
ral roots at 0 to 4 , 4  to 8, 8 to 12, and 12 to 16 cm of 

after treatment with trifluralin, phorate, and

Mean square

Shoot Shoot Shoot Plant Lateral roots at

Source of variation
of

freedom
Germina­
tion

length 
l4 days

length 
21 days

dry
weight

dry
weight

dry
weight

0 to 4 
cm

4 to i
cm |

■ I

8 8 to 12 
cm

12 to 16
cm Total

Trifluralin treatments 4 2 156 45 1566 686 * * 1556 138**
1

13*| 23** * * 15
Phorate treatments 4 . 2 539* * 2064* * 62668* * 799** 57840** 1325** 99* =f 104* * 35** 121**
Trifluralin x Phorate 16 3 168 371* l668 1372** 3939 105** 6* j 8* * 4* * 33*
Trifluralin, linear l 6 94 6 1653 2291** 52 361** 30*j 77* * 18** 0
Trifluralin, quadratic 1 0 0 l 354 435 1574 135** I7 I 5 0 54
Phorate, linear l 0 1035* * 4734** 189851** 20 193753** 3065** 229*3 208** 74* * 290**
Phorate, quadratic 1 0 1100** 3203** 47112** 2212** 28907** 1735** 111*3 115** 46* * 181**
Trifluralin, linear x 
Phorate, linear 1 0 149 1612** 807 12410** 19544** 543** 31*1| 24**

I
31** 50

Error 72 2 119 193 1080 173 1942 4 3 i!■ 3 1 17

*Significant at 5% level»
* *Significant at 1% level.



Since both seedings responded similarly to tri- 
fluralin9 phorate, and trifluralin-phorate combination 
treatments (Tables l4 and 15)  ̂ predicted values.from the 
second seeding were, used for response surfaces (Figs * 2
.to 5) .  X : :, . - .: . /

. . Average germination of cotton was not affected by 
trifluralin 9 phorate, on trifluralin-phorat e combinations 
(data were not presented).. This agrees with research of 
Arle (3)? who found no differences in seed emergence among 
treatments of soil-incorporated combinations of phorate 
with trifluralin o

Shoot lengths TA days after seeding may have been 
increased by intermediate rate of phorate«, but declined 
at the highest rate (Table 4). Average shoot lengths of 
plants from trifluralin treatments alone were shorter, 55 
and 70 mm 9 than those from phorate treatments alone, 58 
and 85 mm for the first and second seedings , respectively, ", 
(Table 4). ::

There were significant differences among different 
treatments for shoot length measurements 21 days after 
seeding in the two seedings (Table 5)® The average shoot 
lengths of trifluralin-treated plants were about 68 and 84 
mm as compared, to 77 and 108 mm of phorat e-treat ed plants 
for the first and second seedings, respectively. There 
was a significant interaction between trifluralin and 
phorate treatments in the second seeding (Table 15)°" .
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Y = 285.16 + 28.75 T + 15.75 T 2 - 308.10 P + 181.60 P2 
+ 142.00 T.P.

Fig. 2. Predicted response of cotton shoot dry weight 21 
days after seeding in soil-incorporated tri- 
fluralin, phorate, and trifluralin-phorate 
combinations (second seeding).
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Y = 20.15 - 13.45 T + 9.75 T2 + 39.15 P - 34.85 P2 
+ 116.50 T.P.

Fig. 3• Predicted response of the number of cotton
lateral roots at 0 to 4 cm root region, 21 days 
after seeding in soil-incorporated trifluralin, 
phorate, and trifluralin-phorate combinations 
(second seeding).



Nu
mb
er
 

of 
la
te
ra
l 

ro
ot
s 

at
65

tio■HbOp 20H
Eo
CO

10 "

22 90
Phorate, kg/ha (P)

Y = 16.54 + 3.90 T - 2.20 T2 - 10.70 P + 8.80 P2 
- 28.00 T.P.

Fig. 4. Predicted response of the number of cotton
lateral roots at 4 to 8 cm root region, 21 days 
after seeding in soil-incorporated trifluralin, 
phorate, and trifluralin-phorate combinations 
(second seeding).
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Y = 48.48 - 0.25 T + 6.15 T2 + 12.05 P - 11.25 P2 
+ 35.50 T.P.

Fig. 5* Predicted response of total number of cotton
lateral roots, 21 days after seeding in soil- 
incorporated tri fluralin, phorate, and 
trifluralin-phorate combinations (second 
seeding).
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In the presence of phorate 9 trifluralln-^treat ed plants 
were taller than those where trifluralin was present 
alone o

The reduction of cotton shoot growth caused by 
trifluralin has been reported by others (1 9 3 9 9 9 30, 489
66)o Arle (3) found that 2 weeks after emergence cotton 
plants in untreated soil were significantly taller than 
those in trifluralin-treated soilo Vannoorbeeck and 
Hamilton (66) have pointed out that trifluralin treatments 
reduced top growth of cotton<>

Phorate significantly reduced shoot dry weights m  
both seedlings (Table 6), Trifluralin treatments did not 
reduce shoot weights in both seedings <> However 9 the 
average shoot weights of trifluralin-treated plants were 
less than that of the control plants in both s eedings 
(Table 6)„ The predicted response of shoot weight to 
trifluralin-phorate combinations shows that as the rates 
of phorate and trifluralin increased, shoot weight de­
creased (Figo 2)o However, shoot weight reduction in the 
trifluralin-phorate combination was mainly due to phorate 
effectso The shoot weights of phorate treatments alone 
were about 1'70 and 253 mg compared to 235 and 376 mg of 
trifluralin treatments alone for the first and second 
s eedings, respectively (Table 6)0

The reduction of shoot dry weights in phorate- " 
treated plants was. caused by burning of the cotyledons and



68
true leaves (Figo 6) . Phorate at rates of 22 and 45 kg/ha 
used alone or in combination with trifluralin caused 
marginal burning and brownish spots on the leaveso Severe 
burning of the cotyledons and the true leaves was observed 
at rates of 67 and 90 kg/ha phorate, Phorate symptoms were 
evident on cotyledons 9 to 12 days after seeding and at l4 
to 17 days on true leaves »

Plants grown in trifluralin-treated soil alone had 
thickened hypocotyls and cotyledons, especially those 
treated with high rates of trifluralin, 1,7 and 2,2 kg/ha* 

There was a significant 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 
significantly with increasing rates of trifluralin in the 
second, but not in the first seeding. There was a signif­
icant linear interaction between phorate and trifluralin 
in the second seeding. In the presence of phorate, the 
root dry weights of trifluralin-treated plants were greater 
than those of trifluralin treatments alone, Trifluralin 
treatments produced lighter root weights, 37 and 48 mg, 
than phorate treatments, 45 and 69 mg for the first and
second seedings, respectively (Table 7)» The reduction of 
cotton root weights caused by trifluralin was directly- 
affected by the rate of trifluralin used. The averages of 
both seedings were 60, 44,34, and 32 mg of roots produced 
at 0 o6 , 1 ,1 , 1 o 7 9 and 2,2 kg/ha of trif luralin,
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Fig. 6 . 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.
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respectively e The low root weights obtained from 
trifluralin-treated plants were mainly attributed to the 
inhibition of lateral roots at the 0 to 4 cm region where 
the herbicide was incorporated in the soilo Phorate- 
treat ed plants produced thinner lateral roots, especially 
at higher rates, than those observed on the control plants »

Significant differences in plant weights were 
detected, mainly between phorate treatments (Table 8) <> 
Differences among treatments were due mainly to shoot 
weights o The predicted response of cotton plant root dry 
weights to trifluralin-phorate combinations was similar in 
pattern to that obtained in Fig. 2. That is, as the rates 
of phorate and trifluralin increased, plant dry weights 
decreasedo

Number of lateral roots in the 0 to 4 cm region of 
plants grown in trifluralin-treated soil was significantly 
less than those of other treatments (Table 9)« There were 
significant linear interactions between trifluralin and 
phorate treatments (Tables l4 and 15)« Plants grown in 
untreated, phorate-treated, or phorate~trifluralin-treated 
soil produced about 24 laterals whereas those in 
trifluralin-treat ed soil produced one lateral root per 
plant in the treated zone of soil in both seedings (Fig. 7)° 
The predicted response of number of lateral roots at 0 to 4 
cm region for the second seeding shows that with low rates , 
of phorate and high rates of trifluralin, lower number of



A B 

c 

Fig. 7. Root systems of 21-day-old cotton seedlings 
A. Plant grown in untreated soil. B. t Plant 
grown in 22 kg/ha phorate plus o.6 kg/ha of 
trifluralin-treated soil. C. · Plant grown in 
0.6 kg/ha of trifluralin-treated soil. 

71 
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laterals were produced (Fig e 3) ° Plants grown in combina­
tion treatments of high rates of trifluralin, 1 «7 and 2 e 2 
kg/ha, with relatively low rates of phorate, 22 kg/ha, 
produced short 9 abnormally thick^ and less lateral roots 
in the treated zone (Fig, 8)« However, at higher rates of 
phorate, above 22 kg/ha, combination treatments with all 
trifluralin rates, gave an average of 23 laterals in the 
treated zone, as compared to 24 laterals in untreated soil <, 
Arle (3) has pointed out that secondary root development in 
the soil zone of chemical incorporation was less inhibited 
by combinations of phorate with trifluralin 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 those in phorate alone or phorate- 
trifluralin treatments (Table 10)„ Plants grown in 
trifluralin-treated soil had an average of 21 and 22-" *
lateral roots in the 4 to 8 cm root region as compared to 
about 14 and 15 laterals produced in phorate or phorate- 
trifluralin treatments for the first and second seedings, 
respectivelyo The predicted number of lateral roots at 
4. to 8 cm region for the second seeding shows that the 
highest number of lateral foots was produced with trî - 
fluralin treatments alone (Fig, 4)„ Similar results were 
obtained with the number of lateral roots at 8 to 12 cm 
region (Table 11) <> Significantly more lateral roots were



A B 

Fig. 8. The effects on lateral roots of high rates of 
trifluralin combined with low rate of phorate 
incorporated at the first 4 em of soil -- A. The 
soil was treated with 22 kg/ha of phorate plus 

73 

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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obtained in trifluralin treatments than in phorate or 
phor.ate-trifluralin combination treatments o An average for 
first and second seedings of about 15 lateral roots was 
produced by trifluralin-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 second seeding was similar to that obtained in Fig 0 k 

where more lateral roots were produced in trifluralin 
treatments than those produced in phorate treatments »

The number of lateral roots at 12 to 16 cm region 
indicated that trifluralin-treat ed plants gave the highest 
average number of lateral roots as compared to other 
treatments (Table 12)0

Lateral roots were found on the primary roots to 
a length of l6 cm. However ̂ primary roots were found 
longer than l6 cm, and were coiled and accumulated at the 
bottom of the pots.

Trifluralin-treated cotton seedlings produced more 
lateral roots at regions under the treated zone of soil 
(Tables 10, 11, and 12)« The inhibitory effect of tri­
flur alin may be overcome by the plants, partially through 
production of more lateral roots than normal, below the 
trifluralih layero Similar results were reported by 
others (46, 66). However, the increase in number of deeper 
lateral roots by trifluralin-treated plants did not
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compensate for reduction in the root dry weights caused by 
trifluralin treatments (Table 7)°

Trifluralin-treated plants in both seedings pro­
duced about 4l lateral roots per plant, compared to about 
50 and 48 lateral roots produced by control or phorate- 
treated plants, respectively (Table 13)« The total number 
of lateral roots predicted for the second seeding shows 
that more lateral roots were produced by control or phorate- 
treated plants at all rates, than in trifluralin treatments 
(Fig o 5) . However, at lower rates of phorate and high rates 
of trifluralin, less lateral roots were produe ed 0

Trifluralin, Phorate, and Their Combinations 
in Culture Solutions

The effects of trifluralin, phorate, and
trifluralin-phorate combinations in culture solutions
during germination and growth periods of cotton are
summarized in Tables 16 through 20 o ,

When cotton seeds were germinated for 3 days in
trifluralin, phorate, and trifluralin-phorate combinations,
then transferred and grown for 4 days in culture tubes
containing the same treatments used for germination, there
were no significant differences among treatments in
germination and radicle lengths, 3 days after seeding
(Table l6)* However, highly significant differences
between treatments and radicle and hypocotyl lengths were
observed 7 days after seeding* Radicle elongations were



Table 160 The effects of trifluralin, phorate^ and trifluralin-phorate combina­
tions on cotton germination, 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

Germination

Length (mm)
Lateral
roots
total

Trifluralin
(ppmw)

Phorate Radicle 
3 days

Radicle 
7 days

Hypocotyl 
7 days

0 0 l4 48 148 103 32
5 0 13 . 4? 6o 75- 1

15 0 15 55 6i 66 0
0 10 15 42 126 79 34
0 50 13 37 113 82 30
5 10 14 31 55 57 ■ 7
5 50 13 49 89 73 20

15 10 15 39 47 57 0
. ■ 15 50 13 39 54 .... 60 9

LSD (5%): N.S. N . S . H 00 X0 l8.6 4.9

< 1cn



Table 17 o Average germination and radicle lengths of cotton after 3 days in 
nutrient solution9 5 and 15 ppmw trifluralin, or 10 and 50 ppmw
phorate solutions (average of 27 replications in two seedings)o

Chemical solutions 
germinated

in which seeds were 
for 3 days

Factor
Nutrient
solution

Trifluralin
5

(ppmw)
15

Phorate (ppmw) 
10 50

Germination; 14 13 13 13 l4
Radicle length (mm) 34 31 30 32 36

<i



Table l8 o The effect of 4-day,- treatments of . trif luralin* phorate, and
trifluralin-phorate combinations on radicle lengths of 3-day-old 
cotton seedlings Seeds were germinated for 3 days in nutrient 
solution9 trifluralin or phorate solutions, and transferred and 
grown for 4 days in different trifluralin and/or phorate solutions 
(average of two seedings)„

Radicle lengths (mm)
Chemical solutions in which seeds were 

germinated for 3 days
Three-day-old seedlings, 
were grown for 4 days in 
Trifluralin Phorate 

(ppmw) (ppmw)
Nutrient
solution

Trifluralin (ppmw) Phorate (ppmw)
5 15. ' 10 50

0 0 128 153 103 113 153
5 . 0 . 58 79 56 41 72

15 0 46 4? 39 44 50
O' 10 103 12? 118 130 . l4i
0 50 89 97 99 100 118
■5- 10 6o 75 83 72 80
5 50 62 112 90 112 107

15 10 39 59 44 4o 43
15 50 6o 6i 71 ' ' 57 58

LSD (5%); 28 o 4 31-2 28.7 27-9 23-9

•x]
00



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 feedings).

Three-day-Old 
were grown for 
Trifluralin 

(ppmw)

seedlings, 
4 days in 
Phorate 
(ppmw)

Hypocotyl lengths (mm)
Chemical solutions in which seeds were 

germinated for 3 days

Nutrient
solution

Trifluralin (ppmw) Phorate (ppmw)
5 15 10 50

0 / 0 7 6 V 58 52 68 81
5 0 72 69 :5l 72 71

15 0 54 6i 43 ■ 74 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 44 60 62
15 50 63 48 49 52 . 60

1 /— 'No significant differences among treatments o



Table-20 o' The effect of 4— day treatments of trifluralin9 phorater and
trifluralin-phorate combinations on the total number of lateral roots 
of 3-day-old cotton seedlings -- Seeds were germinated for 3 days in 
nutrient solutions9 trifluralin or phorate solutions and transferred 
and grown for 4 days in different solutions of trifluralin and/or 
phorate solutions (average of two seeding#).

Number of lateral roots
Chemical solutions in which seeds were 

germinated for 3 days
Three-day-old seedlings, 
were grown for 4 days in 
Trifluralin Phorate 

(ppmw) (ppmw)
Nutrient
solution.

Trif1uralin (ppmw) Phorate (ppmw)
5 15 10 50

0 0 31 37 15 30 33
5 0 4 l 0 0 7

15 0 1 l 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 14

LSD (5%): 9.6 8.8 8.8 7.6 . 6.1

coo



greatly reduced by trifluralin and trifluralin-phorate 
combinations; longest radicles were produced by plants 
germinated and grown in nutrient solution (control) or in 
10 and 50 ppmw phorate. Hypocotyl lengths 7 days after 
seedings were taller in control and phorate solutions than 
those in trifluralin-phorate combinations. Growth of 
lateral roots was greatly inhibited by trifluralin used 
alone or in combination with the low rate of phorate, Of 
the combination treatments used, trifluralin at 5 ppmw with 
phorate at 50 ppmw produced more lateral roots than other 
combinationso However, the highest number of laterals (an 
average of 52 laterals) was produced by plants grown in 
control or phorate solutions (Table l6),

Data summarizing the effects of nutrient solutions, 
trifluralin, and phorate treatments during the germination 
period (5 days) on subsequent growth are given in Tables 
17 through 20. The average germination and radicle lengths 
of cotton after 3 days in nutrient solution, .5 and 15 ppmw 
trifluralin or 10 and 50 ppmw phorate, are presented in 
Table 17» There were no differences between treatments
in germination or radicle lengths.

Radicle lengths 4 days after transferring of 3-day- 
old seedlings to trifluralin and/or phorate solutions were 
significantly affected by treatments (Table l8). However, 
cotton seeds germinated for 3 days in nutrient or phorate 
solutions did not overcome the inhibitory effect of
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torif luralln on radicle elongation o Germination of cotton 
seeds for 3 days in 5 and 15 ppmw triflufalin did not 
inhibit radicle elongation of those seedlings which were 
transferred and grown for 4 days in nutrient or phorate 
solutions (Table l8)„

Hypocotyl measurements9 4 days after transferring
of 3-day-old seedlings to trifluralin and/or phorate solu­
tions showed no significant relations between treatments 
and hypocotyl lengths (Table 19) « However 9 the germination 
of cotton seeds for 3 days in tfifluralin solutions pro­
duced shorter hypocotyls (especially in 15 ppmw) than those 
germinated in other solutions o

There were significant differences between treat­
ments in total number of lateral roots (Table 20)» Lateral 
roots of cotton seeds germinated for 3 days in nutrient 
solution were inhibited by trifluralin solutions alone and 
in combination with low rate of phorate during the growth 
periodo Seed germination in 5 ppmw trifluralin did not 
increase subsequent injuries by exposure to trifluralin or 
affect the growth of seedlings grown in nutrient or 
phorate solutions. However9 seed germination for 3 days 
in 15 ppmw trifluralin reduced the growth of lateral foots, 
in the control more than those grown in phorate solution. 
This response may indicate the importance of the presence 
of phorate to overcome trifluralin growth-retarding effect, 
Germination in phorate TO ppmw for 3 days did not overcome



lateral root inhibition by trifluralino However 9 when 
cotton seeds were germinated for 3 days in 50 ppmw phorate, 
more lateral roots were produced and in ail phorate and/or 
triiluralin treatmentso This response was similar to that 
observed with plants grown in 15 ppmw trifluralin and 
transferred to phorate solutions where lateral roots 
growth was greatly encouraged (Table 20)«

Data collected on number of lateral roots at 0 to 
2 9 2 to 4 9 and 4 to 6 cm regions of plants grown in tri­
fluralin 9 phorate 9 and trif1uralin-phorate combinations 
were not presented« There were significant differences 
between treatments in the number of lateral roots at all 
regions » '

Chemical treatments during the first 3 days of 
growth were not critical in affecting the subsequent 
seedling growth o Treatments in the following 4 days 
determined the growth response to trifluralin9 phorate? and 
trifluralin-phorate combinations (Tables 18 through 20).

Radicle (primary root) elongation and number of 
lateral roots in trifluralin and trifluralin-phorate 
combinations were greatly reduced, compared to those grown 
in nutrient or phorate solutions (Figs o 9 and 10) o How­
ever, radicle lengths 7 days after seeding of plants grown 
or transferred to 50 ppmw phorate solutions were shorter 
(Table l8) with some of their lateral roots thinner than





A B 

c D 

Fig. 10. The effect of phorate and trifluralin on root 
development of cotton -- A. Cotton seedlings were 
grown in 10 ppmw phorate plus 5 ppmw trifluralin. 
B. Plant grown in 50 ppmw phorate plus 5 ppmw 
trifluralin. C. Plants grown in 10 ppmw phorate 
plus 15 ppmw trifluralin. D. Plants grown in 50 
ppmw phorate plus 15 ppmw trifluralin. 



86
those produced by plants grown in nutrient or 10 ppmw 
phorate solutions «,

During germination and growth periods 9 swelling of 
the hypocotyls and thickening of radicles were typical of 
plants grown in trifluralin solutions alone and in combina­
tion with phorate (Figs* 9 and 10)9 except in the combina­
tion treatment of 5 ppmw trifluralin plus 50 ppmw phorate 
(Fig o 10B) o However 9 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 o
9 and 10)o Similar effects of trifluralin alone on root 
tip was observed by others (6, 26)„

Lateral roots produced by plants grown in treatment 
solutions other than nutrient or phorate were generally 
short and thick (Figs « 9 and 10) * These lateral roots were
5 to 20 mm long compared to 25 to 50 mm or longer for 
lateral roots on plants grown in nutrient or phorate solu­
tions e Lateral roots when present in 5 and 15 ppmw tri­
fluralin solutions or 15 ppmw trifluralin combined with
10 ppmw phorate (Figs. 9 and 10) were very short and 
abnormalo Many of these laterals were merely stubs with 
thickened bases, while others were very thick and usually 
with swollen tips.

The time of the appearance of lateral roots on the 
surface of the primary roots was not the same in all treat­
ments o Lateral roots were observed first on control or
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phorate-treated plants about 3-1/2 days after seeding, 
whereas no lateral roots were observed before the end of 
the fifth day in trifluralin alone or trifluralin plus 
phorate treatments.

The number of lateral roots produced in 
trifluralin-phorate combinations (Tables l6 and 20) 
increased with increasing ratio of phor at e to trifluralin <> 
The combination treatments of 10/15, 10/5, 50/15 9 and 50/5 
ppmw of phorate/trifluralin, produced an average of 3 ? 8 ,
13 ? and 25 lateral roots, respectively. The relation 
between number of lateral roots produced and the ratio of 
phor at e to trifluralin is illustrated in Fig. 11 <, In the 
greenhouse, with high rates of trifluralin, higher rates of 
phorate were required to overcome the effect of trifluralin 
in the treated zone 0 The lowest rate of phorate used in 
the greenhouse study, 22 kg/ha, when combined with high 
rates of trifluralin, 1»7 and 2.2 kg/ha, gave poor lateral 
root growth (Fig. 8)«

In the greenhouse, trifluralin arrested the 
development of lateral roots in the treated zone, but did 
not affect the elongation of the primary roots (Table 12). 
In the growth chamber, elongation of primary roots 
(radicles) treated with 5 and 15 ppmw trifluralin solutions 
alone and in combination with 10 and 50 ppmw phorate was 
reduced and almost ceased after 4 to 5 days. These differ­
ences probably resulted from differences in the rate,
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Fig. 11. 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.
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physical properties of the media, and method of application 
of the herbicideo

Trifluralin and Organophosphorus Compounds 
in Culture Solutions

There were significant differences between treat­
ments of trifluralin, 0 «, P. C . , and trif lur alin-0 « P « C 0 
combinations in germination, hypocotyl lengths at 3 and 7 
days after seeding (Table 21), radicle lengths at 3 and 7 
days after seeding (Table 22), and lateral roots at 0 to 2, 
2 to 4, and 4 to 6 cm regions, and total number of lateral 
roots (Table 23)o ,

Most of the Oo P« Co reduced seed germination 
compared to control (Table 21)» However, in the presence 
of trifluralin at 5 and 15 ppmw 0 o P » C , 5 and 15 reduced
germination more than when used aloneo

Some of the 0» P e C ... 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 
hypocotyls than those produced in 0. P. C . alone, such as
0. P. C. 4, 5,9, 12, and 15 (Table 21).

Some 0. P. Co caused visible injury to cotton 
seedlings. Marginal-burning of cotyledons was observed in 
plants grown in 0. P. C. 2 and 5. Cotyle.donary expansion 
was greatly reduced and severe burning was observed in 
plants grown in 0. P. C. 5 in combination with 15 ppmw



Table 21. The effect of trifluralin, organophosphorus compounds, and trifluralin- 
orgahophosphorus compound combinations on cotton germination and 
hypocotyl lengths, 3 and 7 days after seeding (average of two
s eedings).

Organophosphorus 
compounds 
at 100 ppmw

Germination
Hypocotyl length (mm) 

3 days
Hypocotyl length (mm) 

7 days
Trifluralin, ppmw Trifluralin, ppmw Trifluralin, 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 75 314 11 10 10 39 29 33 86 54 63
5 15 ii 12 50 37 42 8o 54 566 12. 14 11 21 35 28 45 63: 52
7 14 ii 15 43 36 29 6o 48 47
9 10 10 10 37 13 28 82 29 5810 10 9 10 9 33 26 23 63 59IT 10 10 10 24 23 21 54 59 4312 15 16 15 43 27 33 96 73 68

15 15 10 12 33 35 26 68 72 47

LSD (5%): 1.9 13-7 20.6

NOo



Table 22 e The effect of trifluralin9 organophosphorus compounds, and trifluralin-
organophosphorus compound combinations on cotton radicle lengths 3 and
7 days after seeding (average of two seedings).

Organophosphorus 
compounds 
at 100 ppmw

Radicle length 
3 days

(mm) Radicle length 
7 days

(mm)

Trifluralin, ppmw Trifluralin^ ppmw
0 5 15 0 5 15

None 33 —• — — 100 — —- — •*
None - - 27 — —  — : 45 — —
None —' — — —• 4i — — — — 511 32 33 38 81 42 48

2 46 47 35 63 53 434 35 26 35 83 38 43
5 43 35 42 4? 42 ... 476 18 44 33 23 48 42
7 52 38 42 58 46 ’ 47
9 2? 12 . 33 109 17 38

10 13 ■ 38 28 17 45 4i
11 ' 14 19 23 . 38 28 30
12 51 42 51 115 51 59
"15 22 33 21 61 43 38

LSD (596): 16.5 20.2



Table 23• The effect qf trifluraliri, organophosphorus, compounds 5 and trifluralin- 
organophosphorus compound combinations on the number of lateral roots 
at 0 to 2, 2 to 4, and 4 to 6 cm regions and total number of lateral 
roots .( average of two s eedings ) .

Organophosphorus 
compounds 

at 100 ppmw

Lateral roots 
at 0 to 2 cm 

region
Lateral roots 
at 2 to 4 cm 

region
Lateral roots 
at 4 to 6 cm 

region
Total lateral 

roots
Triflura1in 9 

ppmw
Trifluralin, 

ppmw
Trifluralin, 

. ppmw
Trifluralin, 

ppmw

. 0 5 15 0 5 15 0 5 15 0 5. 15

None . 13 __ _ _ 6 __ __ 6 _ _ _ _ 25 _ _
None 0 — TV. 0 — •— - —- — 0 — — ■ — — 0 «— —
None — — — 0 — •— — —. 0 — — — 0 - — — 0

1 TO 4 0 10 0 0 6 0 0 26 4 0 .2; ... - 13 0 0 9 0 0 3 0 0 25 0 04 10 5 . 1 4 0 0 1 0 0 15 5 1
5 14 0 0 8 0 0 2- 0 0 24 0 0
6 , 9 0 0 2 0 0 0 0 0 11 0 0
7 7 0 0 0 0 0 0 0 0 7 0 0
9 15 i 0 9 0 0 1 0 0 25 1 010 9 0 0 2 0 0 0 0 0 11 0 011 9 3 0 6 0 0 0 6 0 15 3 0

. 12 12 6 3 . 7 0 0 6 0 0 26 6 3
, 15 10 3 1 , ' 3 ■ 3 0 0 0 0 0 13 3 1

LSD (5%): 3.4 1.91 1.9 4.9

VOto
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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 and in combination with trifluralino

Most of the 0 o Po C • 9 alone and in combination with 
trifluralin at 5 and 1 5  ppmw9 reduced radicle lengths5 
especially 7 days after seeding (Table 22) • However 9 
cotton seedlings grown for 7 days in 0o Po C » 9 and 12
alone produced longer radicles than seedlings grown in 
control treatmentso

The most obvious external effect of trifluralin 
treatments alone and in combination with 0» P . C . was the 
swelling of root tips. None of the 0» P. C , alone caused 
swollen root tips » '

The 0 o Po Co (except 4 and 12) used in combination 
with trifluralin did not overcome the inhibitory effect of 
trifluralin bn lateral roots, even at the 5 ppmw rate 
(Table 23) « Plants grown in 0 o P o C « 6, 7 9 109 and 11 
alone reduced the growth of lateral roots when compared to 
the control or other 0 o P » C „ (Table 23) » When used in
combination with trifluralin at 5 and 15 ppmw rates9 
0 o P. Co 6 and 7 increased root injuries * With these 
combinations primary roots were blackish with dark root 
tipso Similar results were obtained in preliminary studies 
with 0 o P o C o 3 9 8  9 1 3  9 and l4 when used at rate of 5 0

ppmw in combination with trifluralin«
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The 0 o P o Co which produced harmful effects on 

cotton seedlings, when used alone or in combination with 
tr i flur alin 9 contained one or more atoms of a halogen »
Organophosphorus compounds 3? 5? 6 9 7 ̂ and 8 contain
chlorine 9 0. P » C o  13 contains iodine, and 0» P e C o  l4 
contains bromine (Table 1)»

Plants grown in 0 . P » C » 12 (Dipropylmethylene
cyanophosphite) produced better growth than those of other 
0o Po Co (Tables 21 through 23)« In preliminary studies in 
the greenhouse, this compound was tested* When used alone, 
normal primary and lateral roots were produced e In 
combination with trifluralin, some lateral roots were 
observed in the treated zone of the soil 3 weeks after 
seeding. Seedlings grown in 0* P * C 0 12 at rate of 100 
ppmw alone and in combination with 5 ppmw trifluralin gave 
a better growth and produced more lateral roots than other 
0 * P, Co (Tables 21 through 23) «

IAA, Kinetin, and Trifluralin Study 
In Experiment 1, there were significant differences 

in radicle lengths at 3 and 7 days after seeding, hypocotyl 
lengths at 7 days after seeding, and total number of 
lateral roots, but not with germiriation after treatment 
with trifluralin, IAA, kinetin, and their combinations 
(Table 24)» Data collected on hypocotyl lengths at 3 days 
after seeding and number of lateral roots at 0 to 2, 2 to 4,



Table 24. The effects of trifluralin, IAA, 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 (JE-xperinvent 1, average of two scodings') .

Length (mm)
Treatment ( p p m w ) --------------------------- — —  Lateral
. , — -------  —  Radicle Radicle Hypocotyl roots

Tr if1uralin IAA . Kinetin Germination 3 days 7 days 7 days total

0 0 0 15 > 48 129 96 30
5 . 0 0 15 46" 52 8o 2

15. 0 0 i6 . 53 57 46 1
0 5 0 15 28 59 53 21
o 10 0 T4 30 48 73 27
5 5 0 15 4? 50 8o 1

15 5 0 15 36 37 . 63 1
5 10 0 i4 23 25 58 1

15 10 0 13 23 25 48 0
0 0 0.5 15 49 117 75 250 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 6i 4
0 10 0.5 15 37 46 63 30
0 10 1.0 l4 31 36 43 200 5 1.0 15 13 19 45 6

- 5 10 0.5 14 36 4i 47 12
5 10 1.0 13 . 28 29 39 7

NDVI



Table 24.--Continued

5 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

soCT\
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and k to 6 cm regions were not presented, There were 
significant differences between treatments and number of 
lateral roots at all regions but not with hyppcotyl lengths 
at 3 days after seedingo

The combinations of IAA9 kinetin r and trifluralin 
reduced hypocotyl and radicle lengths <> Some combinations 
such as .5/1*0 ppmw of lAA/kinetin 9 5/10 and 15/10 ppmw of 
trifluralin/IAA 9 and 5/10/1o 0 9 5/5/0 « 5 9 and 5/5/1 - 0 ppmw
of trifluralin/IAA/kinetin respectively9 reduced radicle 
lengths more than treatments with trifluralin alone 
(Table 24) <,

IAA or kinetin in combination with trifluralin had 
no marked effect on lateral root growth (Table 24)» How­
ever , when IAA and kinetin were added to trifluralin 
treatments9 lateral roots were produced*

In Experiment 2 where 12 combinations of 
trifluralin/IAA/kinetin were studied9 there were signifi­
cant differences among treatments in seedling radicle 
lengths 3 and 7 days after seeding^ hypocotyl lengths 7 
days after seeding? and total number of lateral roots ? but 
not with germination (Table 25)» There were significant 
differences between treatments in number of lateral foots 
at 0 to 2? 2 to 4? 4 to 6 cm regions but not with hypocotyl 
lengths at 3 days after seeding (data were not presented)* 

The combinations of t r i flur alin/IAA/k in e t in 
generally produe ed shorter hypocotyls 7 days after seeding



Table 25« The effects of twelve different combinations of trifluralin, IAA, and 
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) .

Treatment (ppmw)
Germination

Length (mm )
Lateral 
r o ots 
total

Radicle 
3 days

Radicle 
7 days

Hypocotyl 
7 daysTrifluralin IAA Kinetin

0 0 0 15 57 123 85 28
5 0 0 14 4o 47 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 4o 71 12
5 20 0.5 l4 30 34 48 17
5 25 0.5 13 13 18 12 6
5 5 1.0 12 30 36 49 7
5 10 1.0 l4 33 38 6i 11

•5 15 1.0 13 38 4o 6o 7
5 20 1.0 14 28 33 45 18

- ■ 5 25 1.0 15 30 34 37 l4

LSD (5%): N.S . 8.5 . 12.7 13-6 00

03



than those obtained in the control or in trifluralin treat­
ments (Table 25) • At rate of 25 ppmw9 IAA in comjbination 
with 0 o 5 or 1.0 ppmw kinetin in the presence of 5 ppmw 
trifluraliii greatly reduced hypocotyl lengths* Radicle 
lengths, in general, were more reduced than hypocotyl / 
lengths 7 days after seeding o .

All combinations of trifluralin at 5 ppmw with IAA 
at 5 to 25 ppmw together with kinetin at 0»5 and 1*0 ppmw 
had encouraged lateral roots formation (Table 25)*

Four combinations of trifluralin/IAA/kinetin used 
in Experiment 2 were selected for further studyo These . 
combinations were 5/10/0.5 ? 5/20/0.5 ? 5/10/1 *0 , and
5/20/Io0 ppmw of trifluralin/IAA/kinetin, respectively«
Root growth of cotton seedlings in these combinations, 
compared to 5 ppmw trifluralin is shown in Fig„ 12 v 

With the combination of 5/20/0*5 ppmw of 
trifluralin/IAA/kinetin, there were no wide differences 
between treatments in germination and hypocotyl and 
radicle lengths (Table 26)* There was an increase in the 
number of lateral roots (from 1 to 1?) with increasing 
rates of IAA and kinetin in the same ratio and in the 
pres ence of 5 ppmw of trifluralin * -

With the combination of 5/10/0*5 ppmw of 
trifluralin/IAA/kinetin, respectively, there were some 
differences among treatments in seedling growth and number 
of lateral roots (Table 27)* However, differences in the





Table 26„ The effects of the combinations of 5 ppmw trifluralin, IAA at range of 
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, and total number of lateral 
roots (Experiment 3, average of two seedings).

Treatment (ppmw)
Germination.

Length.(mm )
Lateral
roots
total

Radicle 
3 days

Radicle 
7 days

Hypocotyl 
7 daysTrifluralin IAA Kinetin

• 5 1 0.025 12 . 30 4o 61 1
5 10 0.250 . 10 23 37 50 8
5 20 0.500 11 . 20 32 46 10
5 . 30 0.756 13 40 . 45 ' 60 12

. /; 5 46 1.000 14 361 ■ 4o 4o • 17
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Table 27 <, The effects of the combinations of 5 ppmw trifluralin, IAA at range of 
1 to 20 ppmw, and kinetin at range of 0.05 to 1 ppmw on cotton 
germination, radicle lengths 3 days after seeding, radicle and 
hypocotyl lengths 7 days after seeding, and total number of lateral 
roots (Experiment 3 ? average of two seedings).

Treatment (ppmw)
Germination

Length (mm )
Lat eral 
roots 
total

Radicle 
3 days

Radicle 
.7 days

Hypocotyl 
7 daysTrifluralin IAA Kinetin

5 1 0 .05 11 23 70 ' 48 7
5 5 0.25 15 28 47 47 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 4o 6o 8

102



103
number of lateral roots were not consistent between treat­
ments with increasing rates of IAA and kinetin of the same 
ratioo

With the combination of trifluralin/IAA/kinetin at 
5/20/1 e 0 ppmw, 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 very consistent between 
treatments with increasing rates of IAA and kinetin.

With the combination of trifluralin/IAA/kinetin at 
5/10/1.0 ppmw, respectively, there were no wide differences 
among treatments in seedling radicle lengths at 3 and 7 
days after seeding; however, there were differences among 
treatments in hypocotyl lengths at 7 days after seeding, 
and number of lateral roots (Table 29)« There was an 
increase in number of lateral roots (from 2 to 20) with 
increasing rates of IAA and kinetin at the same ratio in 
the presence of 5 ppmw trifluralin.

In Experiment 4, four of the most promising 
combination treatments of trifluralin/IAA/kinetin found in 
Experiment 3 were tested at higher rates of trifluralin,
10 and 15 ppmw, and in all possible combinations with IAA 
and kinetin (Table 30)o

There was a significant relation between treatments 
and radicle lengths 3 and 7 days after seeding, hypocotyl 
lengths 7 days after seeding, and total number of lateral



Table,28. The effects of combinations of 5 ppmw trifluralin, IAA at range of 1 to 
40 ppmw, and kinetin at range of 0.05 to 2 ppmw on cotton germination, 
radicle lengths 3 days after seeding, radicle and hypocotyl lengths 7. 
days after seeding, and total number of lateral roots (Experiment 3? 
average of two seedings).

Length (mm)
Treatment (ppmw)

Germination
Radicle 
3 days

Radicle 
7. days

Hypocotyl 
7 days

Lateral
roots
totalTrifluralin IAA Kinetin

5 1 0.05 9 21 70 44 9
' .5 10 0.50 11 20 30 40 8

5 20 H O Q 13 35 35 6o 13
5 30 1.50 9 45 50 6o ■ 7
5 40 2.00 . 12 30 • 35 40 • 24

TjO
T



Table 29« The effects of combinations of 5 ppmw trifluralin, IAA at range of 1 to 
20 ppmw% and kinetin at range of 0.1 to 2 ppmw on cotton germination, 
radicle lengths 3 days after seeding, radicle and hypocotyl lengths 7 
days after seeding, and total number of lateral roots (Experiment 3? 
average of two seedings) =

Tr eatment (ppmw)
Germination

Length (mm)
Lateral
roots
total

Radicle 
3 days //':

Radicle 
7 days

Hypocotyl 
7 daysTrifluralin IAA Kinetin

5 1 0 . 1 1.4 25 4o 75 2

.5 5 0 . 5 12 20 40 6o 6

5 10 OH

13 25 30 50 7

■5 15 1 . 5 11 30 45 6o 10

5 20 2 . 0 10 35 4o 4o 20
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Table 30o The effects of treatments of 5? 10 9 and 15 ppmw trif luralin; 10 ̂ 20 9
r and 40 ppmw IAA; 0 „ 5 ? Io0, 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 (-Experiment 4, average of two s eedings) .

Length (mm)
Treatment (ppmw)     — - —  Lateral

----- r  —   1—  ----     Radicle Radicle Hypocotyl roots
Trif luralin IAA Kinetin Germination 3 days 7 days 7 days total

0 0 0 l 4 44 105 99 23
0 10 0 13 39 57 86 24
0 20 0 ■ 15 25 4o 60 34
0 4o 0 12 20 24 48 6
0 0 0 . 5 l 4 38 113 67 19
6-. 0 1 . 0 13 23 6o 56 12
0 . 0 2 . 0 • 14 33 43 61 6
0 10 1 . 0 14 26 34 64 19
0 20 0 . 5 12 14 21 42 31
0 20 ,2 .0 - i 4 21 31 53 0
0 4o 1 . 0 • 14 18 18 37 0
5 0 0 12 39 46 64 1

10 0 0 13 43 55 70 0
15 0 0 13 4? 53 53 0

5 10 0 12 23 32 42 0
5 20 0 l 4 4o 45 64 0
5 4o 0 12 19 26 48 0

10 10 0 12 24 . 29 39 0
10 20 0 11 39 43 58 0
10 4o 0 13 36 4o 44 0
15 10 0 12 34 4o 47 0
15 20 0 13 49 53 51 0
15 4o 0 12 29 33 35 0
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Table 30 0— -Continued

5 0 0 . 5 11 49 50 55 0
5 0 1 . 0 12 29 33 52 0
5 0 2 . 0 13 38 46 60 0

10 0 0 , 5 13 24 33 49 0
10 . 0 • 1 . 0 12 24 28 39 0
10 0 2 . 0 l 4 38 45 58 0

. 15 . 0 0 . 5 13 24 31 43 0
15 0 1 . 0 12 34 43 48 0
15 0 2 . 0 14 52 62 : 69 0

■ ■ 5 10 1 :o 13 33 39 47 9
5 20 0.5 12 36 45 61 12
5 20 2.0 1-4 32 " 37 48 15
5 4o 1.0 12 37 45 53 14

10 10 1.0 14 4 i 59 63 2
10 20 0 . 5 13 42 47 58 2
10 20 2.0 12 .31 36 60 14
10 40 1.0 13 36 4 i 59 6
15 , 10 1 . 0 12 26 32 38 1
15 20 0..5 14 29 38 49 1
15 20 2.0 12 46 49 55 1
15 4o 1.0 12 36 4 l 43 2

LSD (5%): N . S . 1 0 . 8 1 2 . 8 1 4 . 3 4 . 4

O



roots, but not with germination (Table 30) «' There were 
significant differences between treatments in number of; 
lateral roots at all regions, but not with hypocotyl 
lengths 3 days after seeding (data were not presented)

Trifluralin, IAA, kinetin, and their combination 
treatments greatly reduced hypocotyl lengths, especially at 
high concentrations (Table 30) <>

Trifluralin ̂ IAA, kinetin, and their combinations, 
exc ept kinetin at 0»5 ppmw, reduced radicle lengths more 
than the hypocotyl lengths (Table 30)» However, kinetin at 
0 «5 ppmw did not interfere with radicle elongation* This 
behavior is similar to that obtained by the same rate of 
kinetin in Experiment 1 (Table 24). As the dosage of IAA 
or kinetin increased, radicle elongation decreased 
(Table 30).

When IAA or kinetin alone was added to the tri- 
fluralin medium had no marked promoting effect on lateral 
roots even when applied at high rates (Table 30). When 
IAA was added to the medium containing 5 ppmw trifluralin, 
together with kinetin, the trifluralin inhibition of 
lateral roots was almost removed* However, when the most 
effective combination treatments of IAA and kinetin were 
combined with higher rates of trifluralin, poor lateral 
root growth resulted, except in one case* The combination 
treatment of trifluralin/IAA/kinetin at 10/20/2.0 ppmw,



respectively, produced 14 lateral roots per plant 
(Table 30). '

The data on trifluralin/IAA/kinetin study presented 
in Tables 24 through 30 will be considered together„ The 
effects of increasing IAA cone entrations (0 to 40 ppmw) on 
hypocotyl and radicle lengths and on number of lateral 
roots 7 days after seeding are illustrated in Fig. 13. At 
any rate of IAA, hypocotyls were shorter than those in 
controls o At the lowest rate (5 ppmw) and at the highest 
rate (40 ppmw) of IAA, hypocotyls were shorter than those , 
at the intermediate rates of IAA (10 and 20 ppmw). This 
response of cotton's hypocotyl growth to IAA different 
rates is in agreement with Devlin (20) who reported that 
shoot growth responded to auxin according to minimum, 
optimum, and maximum coneentrations„ Coneentrations of 
auxin above that which will give the maximum response 
will cause inhibition.

As the dosage of IAA increas ed, radicle elongation 
decreased (Fig. 13) This result agrees with research 
with other species (5, 79 119 l4, 28, 35)9 where root
elongation was studied.

The number of lateral roots was affected by IAA 
rates in the same manner as hypocotyl growth (Fig* 13) «
More lateral roots were produced at intermediate concen^ 
trations of IAA than at the lowest or highest concentra­
tions « This result is supported by Torrey (62) who
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reported that increasing concentrations of IAA up to a 
certain level gave increasing numbers of lateral roots 
initiated in isolated roots of pea.

At increasing rates from 0 to 2 ppmw9 kiiietin
reduced hypocotyl and radicle lengths and depressed the 
total number of lateral roots (Fig, l4), These findings 
agree with those of several investigators (22, 2$, 31, 62).
Fries (22) stated that with increasing rates of kinetin,
hypocotyl and main root growth and number of lateral roots 
produced by Lupiniis seedlings were greatly reduced and that 
at the highest concentration used (about 6 ppm) the 
response was abnormal .

Average number of lateral roots produced by cotton 
seedlings 7 days after seeding in combination treatments 
of 5/5/0.5, 5/10/1 oO, 5/20/1 .0 , and 5/40/2 ppmw of 
trifluralin/IAA/kinetin, respectively (Tables 24 through 
30), is illustrated in Fig. 15. Number of lateral roots
increased with increasing rates of IAA/kinetin in the 
presence of trifluralin at 5 ppmw.

The application of different concentrations of IAA, 
kinetin, and trifluralin, alone or in combination, produced 
certain morphological effects on the root system of cotton 
seedlings. Beside the reduction of root elongation, IAA at 
high concentrations gave shorter lateral roots than those 
in control treatments. When combined with trifluralin, IAA 
treatments produced thicker radicles, With increasing
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rates of kinetin9 short and thickened hypocotyls, radicles, 
and lateral roots were observed, with swelling of the 
region above the root tip. At the highest rate (2.0 ppmw), 
kinetin caused some curving of the ends of the primary and 
lateral roots. These observations agree with those of 
Fries (22) and Guttman (25) who studied kinetin activity 
on other species » When added to trifluralin and/or IAA 
treatments, kinetin caused similar symptoms to those when 
it was used alone.

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 root growth in the treatments of 
these chemicals was seen about 56 hours after those in the 
control treatments. This delay in lateral root emergence 
was observed with plants grown in trifluralin-phorate 
combinations

The pattern of lateral root formation in untreated 
cotton plants was tetrarch. The lateral roots appeared 
randomly distributed along four ridges of the primary root. 
However, when cotton plants were grown in high rates of 
lAA/kinetin combinations, lateral roots were arranged in 
1 to 4 visible rows along the primary root (Fig. 12).

When IAA alone or kinetin alone was combined with 
5 ppmw of trifluralin, no lateral root growth occurred 
(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 importance of auxin and kinetin for the
initiation and growth of lateral roots has been pointed out 
by several investigators (10, 19? 23, 4? 9 54, 57? 62, 65)0 
Skoog and Miller (54) reported that the relative amounts of 
IAA and kinetin applied to tobacco tissues controlled the 
initiation of lateral roots or buds. Combinations of 
lAA/kinetin which overcame the effepts of 5 ppmw of 
trifluralin were not able to overcome effects of 10 and 
15 ppmw of trifluralin (Table 30)o

The plant body is composed of heterogenous cells
with very divergent developmental potentialities at the 
various stages of its life cycle. The genetically 
maintained biochemical environments of tissues normally 
keep cells in a state of harmonious growth equilibrium.
Only if these correlative interactions between cells are 
maintained, can plants function and develop normally (3^)« 
Torrey (64) has reported that probably as in other develop­
mental phenomena, the initiation of roots depends upon the 
proper balance of several compounds within the plants, 
including both hormonal and nutritional components » The 
presence of trifluralin in the growth medium of cotton 
seedlings may have interfered with the normal correlative 
interactions between cells and thus disturbed the
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equilibrium of the growth and development of the root 
systemo Since depressed lateral root growth and develop­
ment of trifluralin-treated plants were partially restored 
by the application of proper ratios of IAA/kinetin9 it is 
proposed that trifluralin-inhibitory action is brought 
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 
seedlings grown for 3 days in nutrient solution (control) 
showed that the cells of the tip and further from the tip 
stained densely. Trifluralin-treated plants (5 and 15 
ppmw)9 phorate-treated plants, and trifluralin-phorate 
combination treatments 9 3 days after seeding had normal
root tip development.

In the longitudinal section of the root tip of 
cotton plants grown for 7 days in 15 ppmw trifluralin there 
was a decrease in the meristematic tissue zone of the cells 
of the root apex» The cells in the cap were less numerous 
than those in the control. The radial expansion which has 
been observed in the root tip of trifluralin-treat ed plants 
was mainly found in the cortex. The cortical cells were 
large and irregular in shape.

In the cross section of primary roots of 3-\dayi-old 
nontreated plants9 lateral roots penetrated the cortex. In
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the cross section of the primary root of 3-day-old cotton 
treated with 15 ppmw of trifluralin, the pericycle was the 
tissue which was mostly abnormal» The pericyclic cells 
were much enlarged in one region opposite the protoxylem•

In the cross section of the primary root of 7-day- 
old untreated plants 9 lateral roots grew out of the cortex 
(Fig. l6A). In the cross section of the primary root of 
15 ppmw trifluralin-treated plant the divided pericyclic 
cells were attempting to penetrate the cortex (Fig. l6B).
A cross section of the primary root of the plants grown in 
the combination treatment of 15 ppmw trifluralin with 10 
ppmw phorate showed two lateral root initials beginning to 
grow through the cortex (Fig. l6C ). In the presence of 10 
ppmw phorate with 15 ppmw trifluralin9 more pericyclic 
cells were active than in 15 ppmw trifluralin treatment 
alone.

Phorate-treated roots were similar to those of the 
nontreated roots9 and the roots of 5 ppmw trifluralin- 
treat ed plants were similar to those of 15 ppmw 
trifluralin-treat ed plants.

Cross sections of the trifluralin-treated and 
trifluralin-phorate-treated plants (Figs. l6B and l6C) 
indicated that the enlarged pericyclic cells had undergone 
some of the initial phases of lateral root formation. The 
actual formation of a lateral root primordia had apparently 
been prevented by the blocking of cell division in the
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pericycle by the herbicide« Although trifluralin had. 
disrupted the mitotic process of the pericycle cells9 . 
cellular divisions in some of these cells opposite the 
protoxylem were observed (Figs » l6B and l6C) 9 but differ­
entiation failed to occur,.

In the meristematic tissues and pericycle of the 
roots, cell division occurs and derivatives of these cells 
subsequently elongate and differentiate (63)0 The .hormonal 
control of cellular processes, namely cell division, 
enlargement, and maturation, have been demonstrated (21,
25 9 5^9 ,639 64) • It is believed that trifluralin repres­
sion of mitotic activity in the pericycle and the failure 
of the few divided cells in the pericycle to differentiate 
were probably caused by the disturbance of the hormonal 
control of cell division and differentiation by the 
herbicide. This is supported by the proposal that tri- 
fluralin inhibitory effect was brought about by the 
disturbance of the proper balance of IAA and kinetin-1ike 
compounds in the roots of the treated plants. Hence, it is 
hypothesized that trifluralin was acting at the hormone*s 
level, specifically, IAA and kinetin-like compounds.

Growth of plants is controlled by the rate of 
protein synthesis. RNA content plays a vital role in 
enzyme protein synthesis (17)0 Factors, such as tri- 
fluralin, which may influence RNA metabolism and/or protein 
synthesis 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 synthesis. It 
was also reported that growth regulators usually work on 
the level of enzyme synthesis which direct the protein 
synthesis (339 67)° Thus any adverse effects upon the
growth regulators as 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 interference with the plant hormones IAA and kinetin- 
like compounds which was expressed indirectly by the 
reduction of plant growth and repression of the pericyclic 
cell division to form lateral roots„

When relatively high rates of phorate were combined 
with trifluralin9 trifluralin lost its inhibitory effect 
and the plant restored its growth equilibrium and lateral 
roots were produced. Plants which germinated for 3 days in 
10 and 50 ppmw phorate and then transferred and grown in 5 
and 15 ppmw trifluralin for 4 days 9 did not produce lateral 
roots 9 except very few and short laterals produced by
plants germinated in 50 ppmw phorate. Phorate must be

• ' ■ • .. present and at high rates (about 10 times the concentration
of trifluralin) in order to overcome trifluralin inhibitory
effects o When phorate was used in combination with tri-
fluralin there was no loss of the effectiveness of the
insecticide in killing insects or of the trifluralin in
controlling annual grasses (3) » Therefore 9 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 
system) of a chemical that has no or slight effect (depends 
on phorate concentration)9 on the plant's hormones if 
absorbed by the roots of cotton in the treated zone„

Another possibility is that phorate molecules may 
act by competing with trifluralin molecules for the site 
of absorption by the roots of cottono

If trifluralin acted at the hormone?s level9 it is 
speculated that the herbicide may interfere with endogenous 
IAA and/or kinetin-like compound activities through:

1 o Enhancement of growth regulators destructiono
lAA-oxidas e functions in vivo in cotton to help 
regulate auxin level and the activity of the 
enzyme is controlled by an inhibitory system (39)° 
Considering the root system9 it may be proposed 
that trifluralin may decrease the level of the 
inhibitory system; consequently^ less IAA will be 
available* Or 9 that trifluralin may increase the 
lAA-oxidase activity and thus more IAA oxidation*
In both cases 9 IAA level will be lowered * It may 
be possible 9 however9 that kinetin-like compounds 
may be af fected by the herbicide * Still another 
possibility is that the levels of both hormones 9
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IAA and kinetin-like compounds may be altered by 
the herbicideo 

2 . Auxin-ethyl ene antagonistic behavior <, The effects 
of ethylene on IAA have been reported (13? 15 9 4o)„
It was reported (40) that the regulators IAA and 
ethylene are antagonistic in some aspectso 
Further 9 it was suggested that one regulator may 
influence the synthesis, destruction, or movement 
of the othero The ethylene-induced stimulation of 
auxin destruction has been shown in vitro in cotton 
(4o)o It is speculated that trifluralin may 
stimulate the production of ethylene which then 
will reduce IAA activity, or, that trifluralin may 
behave similarly as ethylene and antagonize auxin 
action.

In these two speculations (numbers 1 and 2), tri*- 
fluralin activity may lead to the disturbance of the auxin- 
kinetin-like compound ratio. Skoog and Miller ($4) 
demonstrated that division and differentiation of undif­
ferentiated tissue into roots or shoots was controlled by 
auxin-cytokinin ratioso It seems that the application of 
IAA and kinetin hormones to trifluralin-treated plants 
partially restored lAA-kinetin-compound ratio.



SUMMARY

Greenhouse and growth chamber experiments were 
conducted at The University of Arizona, Tucson, during I968 
and 196 9« The primary objective of these experiments was 
to investigate the effects of trifluralin alone and in 
combination with organophosphorus compounds (0„ P o C ») or 
growth regulators on root development of Beltapine Smooth 
Leaf cotton seedlings.

In the greenhouse, trifluralin, phorate, and 
trifluralin-phorate combinations were incorporated in the 
soil to a depth of 4 cm. Trifluralin was used at rates of 
0 , 0 .6 , 1 .1 , 1 *7, and 2.2 kg/ha and phorate was used at
rates of 0, 22, 459 67, and 90 kg/ha. Cotton seed germina­
tion was counted and shoot height was measured l4 and 21 
days after seedingo At the end of the growing period (21 
days after seeding), the soil was washed from the roots and 
the number of lateral roots was counted in each 4 cm region 
of the primary root. Shoots and roots were separated and 
oven-dried. The entire experiment was repeated twiceo

In the growth chamber, a series of experiments was 
conducted to investigate root development of cotton seed­
lings in culture solutions of trifluralin alone and in 
combination with 0 „ P . C ., including phorate, or -growth 
regulators. Cotton seeds were germinated in paper towels

123
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for 3 days and transferred and grown for additional k days 
in culture tubes. Seed germination^ radicle and hypocotyl 
lengths at 3 and 7 days after seeding were measured and 
number of lateral roots was counted in each 2 cm root 
region,

In the greenhouse 3 soil applications of trifluralin9 
phorate, and trifluralin-phorate combinations did not 
affect cotton germination. Shoot lengths at ik and 21 days 
after seeding increased as the rate of phorate increased, 
but at the highest rate of phorate, shoot lengths declined. 
Shoot lengths of trifluralin-treated plants were shorter 
than thos e of phorat e-treat ed plants, Increased phorat e 
levels reduced shoot dry weights, Trifluralin did not 
reduce shoot weights. The predicted response of shoot 
weight to trifluralin-phorate combinations showed that as 
the rates of phorate and trifluralin increased, shoot 
weight decreased. The reduction of shoot dry weights in 
phorate-treated plants was attributed to the burning of the 
cotyledons and true leaves.

There was a significant decrease in root dry weight 
with increasing rates of phorate in the second seeding.
Root weight declined greatly with increasing rates of 
trifluralin, There was a linear interaction between 
phorate and trifluralin, In the presence of phorate, the 
root dry weights of trifluralin-treated plants were greater 
than those of trifluralin treatments alone. The reduction



of cotton root weights caused by trifluralin was attributed 
mainly to the inhibition of lateral roots at the 0 to k cm 
region where the herbicide was incorporated in the soil * 

Number of lateral roots at 0 to 4 cm region of 
plants grown in trifluralin—treated soil wias significantly 
less than those of other treatments. There were linear 
interactions between trifluralin and phorate treatments « . 
Plants grown in combination treatments of high rates of 
trifluralin with relatively low rates of phorate produced 
short. abnormally thick and less lateral roots in the 
treated zone as compared to other trifluralin-phorate 
combinations. Number of lateral roots at 4 to 8 . 8 to 12,
and 12 to lo cm regions in trifluralin treatments was more 
than those of phorate alone or phorate-trifluralin treat­
ments . However, the total number of lateral roots in 
trifluralin treatments was less than those produced in 
other treatments.

In the growth chamber 9 trifluralin, phorate, and 
trifluralin-phorate combinations did not affect germination 
and hypocotyl and radicle lengths 3 and 7 days after seed­
ing o Seven days after seeding, trifluralin and trifluralin.-' 
phorate combinations greatly reduced radicle lengths and 
number of lateral roots, except in the combination treat­
ment of 5 ppmw trifluralin plus 50 ppmw phorate. Treat­
ments during the first 3 days of growth were not critical 
in affecting the subsequent seedling.growth. Treatments in
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th.e following 4 . days determined the growth response to 
trif1uralin 9 phorate9 and trifluralin~phorate combinations . 
The most obvious visible effect of,trifluralin alone and in 
combination with low rates of phorate, was the swelling of 
the root.tip. Lateral roots of plants grown in these 
treatments were short9 thick, and appeared about 36 hours, 
after those in nutrient or phorate solutions* The number 
of lateral roots produced in trifluralin-phorate combina­
tions increased with increasing ratio of phorate to tri- 
fluralin*

Most of the Oo P* C* reduced seed germination, 
hypocotyl and radicle lengths when used alone and in 
combination with trifluralin. When used in combination 
with trifluralin, 0. P C. (except 4 and 12) did not 
reduce the inhibitory effect of trifluralin on lateral 
roots *

IAA or kinetin when used at high rates reduced 
cotton seedling growth and number of lateral roots* IAA 
or kinetin used in combination with trifluralin did not 
modify trifluralin inhibition of lateral roots * However, 
when IAA and kirietin were added together to 5 ppmw tri­
fluralin treatments, lateral root growth was stimulated, 
especially in the combinations 5/10/0 * 5, 5/20/0 * 59
5/10/1 *0 , and 5/20/1 *0 ppmw of trifluralin/IAA/kinetin, 
respectively* However, when these rates of IAA/kinetin
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were combined with 10 and 15 ppmw trifluralin9 poor lateral 
root growth resulted.

There was no difference in the cells of the root 
tips in longitudinal sections of roots of seedlings grown 
for 3 days in nutrient, phorate, trifluralin, and 
trifluralin-phorate combinations » The cortical cells were 
large and irregular in shape in the longitudinal sections 
of the root tip of trifluralin-treated plants 7 days after 
seeding. The pericycle tissue was abnormal in the cross 
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 was partially restored by the application of IAA and 
kinetin, 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 
plants. It is speculated that trifluralin may interfere 
with endogenous IAA and/or kinetin-like compound activities 
in cotton roots through the enhancement of growth regulators 
destruction or through auxin-ethylene antagonistic behavior.
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