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CHAPTER I
INTRODUCTION

Grain sorghum production in the southern great plains of the
United States, hés doubled during the past decade. Improved cultural
practices and intensified'management are significant factors relating
to this tremendous increase in production. In addition, hybrid
varleties grown in this region respdnd well to irrigation and high
fertility 1évels. However, such conditions often promote the growth
of Weeds which compete with the crop for water, mineral nutrients, light
and space. Further loss may be attributed to weeds in the form of
increased harvesting costs and decreased grain quality.

Mechanical weed control has often proven expensive and inefféctive,
particularly against weeds appearing late in the growing season, to be
regarded as an acceptable solution to the weed control problem. This
inadequacy of mechanical weed control has encouraged the development
of herbicides suitable for use in grain sorghum. Due to the small seed
size and shallow planﬁing depth of the sorghum seed and low organic
matter content of much of the soil in the southern great plains, most
preemergence herbicides exhibit phytotoxicity to sorghum seedlings.

The use of 2,4-dichlorophenoxyacetic acid (2,4-D) for post-
emergence weed control may provide adequate control of broadleaf weed
sbecies, but>the possibility of crop injury is present. A more recent

development is the use of 3,6-dichlofo-gfanisic acid (dicamba) for



postemergence. and late- season control of broadleafaweedéain“sqrghumf'
On océasidn the*yie1d'of'sorghum-sﬁraYedlwith-didambaﬁhas~bgen“decreased
due to blasting of the~head3wi.e¢‘the~productionfofcsmail; shrunken
grain,. or -the ‘failure of'the7seéd5head~toadevelop*normally}

The objéctives of this study were: to examine -the physiolegical
effects of dicamba on the growth and develepment of grain sorghum,
and to determine the factors which ‘predispose the: sorghum plant to

blasting of the seed head.



CHAPTER IT
LITERATURE REVIEW
- Grain Sorghum

Sorghum bicolor (L.) Moench .is ithe correct pame for the

comprehensive species-thathincludes-the#many‘hundreds*of’Varieties'of

cultivated sorghumf However,VSOrgEEE.vulgare Pers. has been used in
the United States folldwing the suggestion of Vinail et. al. (47). The
genus Sorghum belongs to ‘the And;qpogqneae tribe of the Gramineae
family. o |

Sbrghumfis a’tr&picaL'genus, domesticated in northern -Africa about
5000 yeaf§ ago,”’It éaprgAgrownfin temperate zones only because -
mﬁtations:ﬁhat;allow‘early floral initiation have occurred. There is
enormous diversity‘in cultivated.sorgﬁum, and the species has been’
amenablexto improvement‘by plant breeding (40).

Grain sorgﬁum can be grown with some degree of success in any
climate where.the average summer  temperature is 65°F or higher, with a
frospwfree,period of 120 days or ‘more. This cereal thrives in regions
too hot and‘&ry for the production of corn, Zea mays L. The:
adaptation of grain sorghums to arid climates is based on. their
ability. to become:praptiCally.dbrmantﬁduring¢pefiods of severe drought
and rgﬁeg‘gronhfWith»little”apparent injury when coﬁditions beche
more,fAVOrablgg‘ Sorghum»alsthasetgice_as magy_secondary roots. per

unit,of-prima;y,rogtslas.corn,‘and»pnlynhalf_as=much leaf area exposed

3



for evaporation :(52); These qualities make sorghum exceptionally well
suited for-tﬁevdriér'partsvof the great plains which is the major area
of'tﬁe United States where this crop is cultivated (10).

The‘acreage'of sorghum planted for grain has varied considérably
through the past 30 years., Recently the acreage for this purpose has
been iﬁcreasihg," The acre yield of grain sorghum doubled during the
20 years from 1940441't6 1960-61;.and also doubled in the decade ending
ip‘1966 (Z)s' The-excelient response of hybrid varieties to irrigation
and‘inc:eased'nitrogen 5éplications”accounts for much of the yield
increase (33).

ngelopments.siﬁcq 1940, notably production mechanization,
development of productive combine varietiés, better seédbed preparation,
bettervweed contro1 and increased industrial,utilizatidn;;have made
grain sorghum a'goéd'supplemeﬁtrto-Wheatzin the;southéfn’great plains.
The improveients‘made in productipn'ha#e-estéblished sorghum as the
’"beét.singlé crop to meet the requirements. for bothﬁroughage and grain

forilivestock in this area (15).
Weed Control in Sorghum

In the past annual weeds were not as serious in grain sorghum.
as they were in many other field crops. Sorghum Wésfplanﬁed late in
the season .after many weeds had germinated and could be destroyed by.
good seedbed preparation. In addition the grain sorghtims were grown'
in sections of the country where cultivation was rarely delayed for
long periodsqu,timé by rain (18). However, sorghum has been noted to .
be a poor weed cbmpetitor,due_to the failure of seedlings to provide

early dense growth and shade (13), -



Research has shown that as weed competition in grain sorghum
increased the yield of grain, number of heads per plant and seed weight
decreased (12). One major factor which affects the extent of sorghum
yield reductipn due to competition is the stage of crop growth when weed
competition is prevalent., Wiese (50) indicated that when conditions
favorable for weed growth exist during the early stages of crop growth,
sorghum yield reductions are more severe than when conditions favorable
for weed growth appear later in the season. Research in Nebraska
showed that weeds which emerge with the sorghum crop will reduce yield
if they are allowed to grow only four weeks before removal. However,
removal of weeds at any time up to eight weeks after planting resulted
in higher yields than those obtained from non-weeded plots (12).

The density of the crop or weed population has also been shown to
influence the extent of crop yield reductien due to weed competition.
Kansas research (26) showed that when competition from weeds was

limited to one waterhemp Acnida tamariscina (Nutt.) Wood per foot of

sorghum row the resulting yield reduction was less than the yield
reduction encountered from a natural weed stand. The use of narrow
row spacing to control weeds in sorghum has proven more successful
under Nebraska conditions than under dryland Texas conditions (13, 50).
With t%e advent of organic herbicides it was soon found that
sorghum could not tolerate compounds that were useful in other crops.
Timmons (45) reported stand reductions following preemergence
applications of three formulations of 2,4-D or MCPA (2-methyl-4-
chlorophenoxy acetic acid) in 1947. Early research also indicated that
postemergence applications of 2,4-D would result in severe crop damage

and yield redugtions (32). Although later research indicated that both
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growth'Stage~(31)’andvvamiety:(5l)aaffeéted?the»dég&ee4;é¥phytotbxiéity
exhiﬁitgd. it has~beentcbncludedfthatjsome»injury*toﬁserghum'by 2,4-D
may occur regardless”of»eonditigns“(3);

Attempts'werg-madefto use monﬁron'(Se(p—chlbrophenil)bl,l—
diméthylurea), diurbp‘(3—(3—4-dichiorophenyl)—1,1—dimefhy1urea),or-
simazine (2—chlbro44,é—bis(ethylamino)—s—ttiazine);for‘weedmcontrdi in”
sorghum, but these ‘compounds did not exhibitqtheﬂrequired'seléctivity<
(6, 7).

Although»reﬁearéhuhaérbeeﬁmcontinudus for over 20- years and the .
need fOr:befter»sorghUmgherbiéideé‘has'incréased§ the progress in
control of major wee&s-ip'sorghum hésvnotzbeeﬁiaSugreatﬂas“the‘progresg
made in control of weedé-in‘cdrni..Although~thisfmay be-related to the
. far greater-usé'of'herbigides;inTcorn;ithis;greéter'use*pfobably‘s.
iﬁdicates"thaqithe:herbicides*deVelopédufOrAuse?in‘cérnweﬂhibitvg:eater
seléctivity than the same or different herbicides used in -sorghum (1).

The greater diffiéulties~§q:sorghum weed control may-be based on
the small seed size, shallow planting depth and slow initial .growth of-
thé sorghum plant‘(l95, Although- the majbrwareavof:;o:ghum p;o@uétioﬁ .
is thezsouthefn United’States,‘;he;greatestuareaiof'sorghum’hérbiéide
usage is the morth central region (1), This’may.indipatenthatrclimatic
or~edaphicffactors are involved in the failure of most currently . -
available hgrbigides'to’provide satisfactdyyugeedfcontrol in‘the,x

southern great plains.

Development of Benzoic Herbicides -
Discovery of abpdrmal’plantqgroﬁthffollowing'éppliqafiqn’cf.

-benzoic acid to tomato Lycoperscion esculantum Mill, (25) led

researchers to investigate pengpi¢.aqid derivatives3forvg;owth



regulating activity. Early investigations of substituted phenoxy and
bénzoic.acid;Substaﬁdeaishowed~that_beﬁzpic-acid derivatives had the.
power to induce morphogenetic effects on plants,-and led to the
cd?relatidn;pf structure to physiological activity (53). Following
World War II, workers at Camp Detrick, Maryland: puﬁiighéd.,a:al'.ié;ta-gf .
more than one.thousand compounds thatzhas‘beén,inVestigated;for growth-
regulating activity (44). Many of these substances were substituted
bénzéictacids,’ Further investigations disclosed that the derivatives of .
benzoic acid were not immobilized or degraded as rapidly.as 2,4-D 37
Verification of the hormone-like properties of certain derivatives was’
écqompliShed by.Zimmerman and Hitchcock, who observed céll,eiongation,
root abrormalities and patthenocarpic fruit devélopment resulting from
applications of chlorinated benzoic acid (54).

Later work (29) indicated that benzdic.acidywithiohlorine-
sﬁbstitutions“On:thé 2, 3 and 6 positions ofvthe-riﬁg Was~more
phytotoxic on selected‘speéiesfthan’whenlchlorine'gubstitgtions were
made on other positions. It was. also discovered:;h;ﬁ.the‘substitutioﬁ
of a‘methoxy group on.the 2 position resulted in ‘a marked increase
in activity. The high degree of activity demonstfated by this
qgmpoﬁnd, later knoquas”dicamba, encouraged researchers to begin
extensive reséarch in:&ythefphysiological effécts "and- phytotoxie

properties of this herbicide.
Divamba-

‘Dicamba has been found .to exhibit -j;phy.topbx'-i'- éity’; toward both' -
monécét’apdzdice;’speciesg' AtfloWerVrateslof-applieation of 0.06 -

0.25 pounds per acre (1b/A) this compound exhibits a degree of



selectivity“whieh,allows"its’use in numerous greésfcrbps’(4);'«Research
,_witﬁ'several.mohocotyledonOuSZCrops’including corn,; wheat, oérs and
barley.hss«squnpthét-crep.injury mayvresult fromrpreémergence or
,p0stemergence’applications“(20, 28, 40). The'possibilityuof such
iﬁjury‘necessitates a ;hOrough.understanding of the ‘properties -of this

eompéund'in¢or§er to provide an adequate margin of safety for its use. .

Activity in soil

With the exception of peaty muck, digambawis'readily leached
through soil with thevdownWard'movemeht'of;water (22, 24). 1A1thpugh
considerable.adsorptioﬁ ofzdicambarby Kaolinite has-been»reporﬁed-(zz),
clay content has been he;d to be_of little importance in the:adsorption
of . this herbicide. As.aﬁ organic -acid, diceﬁba is Weak1Y“dissocieted'
in,an;aqueéus solution -and may exist—in’anionicnform.'"Dicamba,thérefbre E
possesses a. net negative charge which results in repulsion of the
herb1c1de from negatively charged c¢lay particles.. Adsorption-to
organicimatter*has,been.based on, the herbicide being héld by unsaturated
}reience,bOnds'rathérrthan'ionic exchange (16)f

Hahn'etrba1;5(23) reported a roughly linear decréase 'in dicamba
'phytoroxicityras-the pH was"increased‘from-pH.4sto pH 8. It was also
noted that the toxic»effects of‘dicamba'og.corn‘seedlings,decreeSed'

‘When'the pH was lowered from pH 4.

'WUptake end%treﬁsipcetiOn e

| Topicel-appiieations’of»dicamba ultimately result in-exposﬁre of
both the foliage and root system to. varying concentrations of the.
herbicide, Among the factors operatlng to: determine the response of .

herbicide applications are the extent to whiéh.the-applied compound is .



absorbed by the p}ant and ‘the ease with which it moves within the plant -
tissue'(48):f Penetration of the cuticular layerS‘ByzdiéémBéfméf~Bef'
influence& by the-degree»of'dissociation of the herbicide. - There is -
evidenée.from compounds in which dissociation occurs that the .
undissbciated molecule penetratesg the cuticle more readily than does -
the ion (43,_48).’ |

Dicamba has been réported (23) to-exhibiﬁ'more'herbicidal‘activity-
toward corn seedlings when placed in the area of the developing root'
than when placed near the developing shoot: " Dicamba'applicatiOns'to,
ﬁhe roots\ox'eﬁtiie seedlings of corn esséentially eliminated further
‘root eléﬁgation;Khowever, éhoot-applied dicamba caqséd no growth
reductién of corn roots, |

Studies of dica\mba—C]"4 uptakélindicate'thaf the herbicide is

readily absorbed by roots or foliage. Chang et. al. (14) found that

readily absérbed dicamba; after which ‘it was”translocated ih.both;*
phloem and xylem. A source-to-sink system of dicamba tfanslocation in
the phloem was iﬁdiqated, with the export, of 1eaf4app1ied"dicamba

: dependent‘uéon'the export of photosynthate. ' Leonard (34) also
determined - the presence.ofzbdth.apoplastic'and'symplasticfmovementﬂéf

dicamba while working with Thbmpsbn;seédless grapestiﬁié‘viﬁifefa L.

Dicamba absorbed by the roots was readily transportéd to the shooté,»
where a marked accumulation occurred at the margins -of young leaves.
Treatment of mature leaves resulted in label being translocated to all’

parts of the plant.

was profoundly affected by the stage of growth of the plant (36), - Broad
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distribution of the chemical throughout the aerial parts occurred when
plants were treated during the vegetative stage. Most of the herbicide
in plants treated at the late flowering stage remained in the treated
leaf. The flowering organs were noted to accumulate considerable
radioactivity at the early flowering stage, but the accumulation
decreased considerably at the late flowering stage.

Root exudation of unmetabolized dicamba was also reported from
both Canada thistle and purple nutsedge. The excretion of unaltered

dicamba from field beans Phaseolus vulgaris L. following foliar

applications has also been reported (27, 35). Quantitative determi-
nations indicate that the species studied were capable of releasing only

1% or less of the applied herbicide in this manner.

Response of small grain crops

Applications of dicamba are frequently made for the control of
broadleaf weeds in small grains. However, this herbicide may exhibit
phytotoxicity toward the crop species.

Appleby et. al. (5) found the response of Gaines wheat to dicamba
applications varied with the rate of application and physiological age
of the crop. Reductions in yield and plant height occurred from
applications at the 1) leaf stage, while applications at the 4-6
tiller or boot stage did not reduce plant height or yield. Research
by Friesen (20) indicated that dicamba applied to Thatcher wheat at the
3 leaf stage resulted in less yield reduction than applications at
either 2, 4, 5 or 6 leaf stages.

Later studies (39) report that dicamba applications of 0.25 1b/A

did not reduce the yield of wheat when applied at the 2-4 leaf stage,
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whereas similar applications at the early tiiler’tﬁrﬁﬁéﬁf&qﬁgh:Sﬁaééf
reduced the yield: Yield redﬁctioné‘were morélééveré %ﬁéﬁ'thé”raté‘
was increased to 0.75 1b/A. It was also noted that yield redictions
from wheat freated at a given growth stage Were inconsistent between '
yearé, with ‘the greater yield reductions usually“océ;rring under -
conditions more favorable for high crop'prodhctiong'\Quimby/(39) also
reported reductions ‘in plant height, peduncle length and sheath’
length,followingvdicamba éppliéatiOns.'v

Head deformities and an increase in number of tillers and heads"
per plant have been reported as a result of applying dicamba to wheat
(30, 38).

Research on the effect of dicamba in delaying the maturity of
wheat has resulted in conflicting evidende._ KeyS'(BO)‘repbrtedTa
delay in"maturity'féllowihg application7of40725.lb/A'at*theiﬁ51eaf'stage;
while Molberg (38) found no delay in maturity- from a_similar‘application:
Other research (39) states thatvtﬁe gfeatest delay in heading occurred”
in wheat sprayed at the late tiller stage, while 0.25 1b/A at -the 2-4
leaf stage did not delay heading.

Research ‘indicates thaﬁ the résponse”to dicamba applications varies
among ;he‘Small grains -and among_vérietiés‘of tﬁese?cropéf_ Yield
reductions following dicamba applications are more seridus in oats "and’
barleybthan~in‘wheat, and oats are generally more tolerant to dicamba
than barley (21, 29), AlthougB'Baker (8) found no selection among
6000 barley genotypes following dicamba applications of 3 1b/A, Keys’(29)
reported differences in the response of barley, wheat and oat ‘variéties
with applications of 0.25 lb/A,‘ Considerable'differences'iﬁ responsé

of oat varieties have been noted by Behrens (9). Under weed free.
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conditions, yields of dicamba treated oat varieties varied: from 126%-to-
32% of check. ' Changes in the relative toleranceof barley varieties
have been.reportéd to occur with increaseéd rates .of herbicide and in

different growing seasons (29).

Response of corn and sorghum

Preemergence dicamba applications have given erratic response:
with reépéct torcorﬁ yield’(46); hqweveri yield reductions‘resﬁitiné
from ppstemergenCe applicétioﬁs;haVe been correlated to thé stage of
crop dgvelopment at the time of treatment, Dowler et. al. (17)
reported that when the stage of devéldpment.of corn was. varied by
planting date, only the most mature corn, which was in the tassel stage,
was not injured by dicamba. Yield redﬁctions'on:less.mature plants
reportedlyvreSulted from failure of the corn.kernel to develop.

Serious stunting, leaf rolling and yield reductidns have resulted
from topical applications of dicamba to 8 inch tall sofghﬂm (4.
Lateral applications causéd similar byt milder foliar symptoms but did
not.reduceithe'yield.

Reduction.of»the height ofvsofghUmvplants7following treatment .
with dicamba were reported to increase with rate of appliqation and
were less pronoUncediwheﬁ applications were made on more mature plantsg'
Severe plant lodging and yield reductions were also reported folléwing
applications to 9,-12, 15 or 18 inch tall sorghum plants. Yield
reductions'algd occurred when dicamba was- applied at the :boot.stage. .
Applications of this herbicide at any stage of growth produced blasting
of the head. .HOWQVe:, the blasting was more severe following

application at-the 15 inch through anthesis stages (49).



CHAPTER IIT
METHODS AND MATERTALS -
Greenhouse and Laboratory Studies

Greenhouse expefimeﬁts'were conducted'in‘fiberglass’greenhouSes"
at the Oklahoma State University Weeds”Laboratory; Stillﬁater;
Oklahoma. All herbicide applications were made in a reciprocating
nozzle spray chamber. The platform height of the chamber was adjusted”
asbnecessary to maintain a constant nozzle-to-plant-top distance for-
all postemergence applications, or soil surface to nozzle distance for
all postemergence treatments. A special platform was built for the
chamber in order to faéilitate'postémergencevapplications*onto the more:
mature growth'stages. The use of an 8004E nozzle and 25 psi resulted
in,apéiication of 40 gallons per acre of herbicide_and tap water
carfiera

For each of the growth stage experiments mentioned herein,
natural daylight,wasvsupplemented with fluorescent lighting from 6 a.m. -
to 7vp.mf:daily._‘For #ll'other experiments natural daYlight,was
" supplemented with both artificial fluorescent. and incandescéntvlighting
during the same time each day as the growth stage experimentsﬁ' Except
where specifically noted in the following discussion, all pots received

1.75 am, of 23-19-17 fertilizer at two week intervals,

13



14

Growth stages

Two greenhouse experiments were conducted to investigate the
importance of growth stage ‘in the response of grain sorghum to dicamba;
All herbicide treatments consisted of 0.5 1b/A of dicamba applied over
the top of the plants. A randomized block design with dates of"
application as treatments was used in each 'experimerit°

The first experiment was replicated four times, with each °
experimental unit consisting of one 8 inch pot containing 3 plants of
RS610 sorghum, a hybrid produced from Combine Kafir 60 and Combine 70750’
The bottom drained pots were surface watered daily. At no time after
the first herbicide application were thé pots watered beyond the water
holding capacity of the soil. One pot from the fourth replication was
harvested at the time each treatment was applied to determine the
position of the floral bud. In addition, the height and number of
leaves on each plant was. determined at the time of "each treatmentﬁ
Herbicide applications began 19 days after crop emergence and were
repeated at 4 day intervals until anthesisf Additional. treatments
were applied at the post bloom and soft dough stages (Table I).

The date of heading was recorded for each:plant, At maturity the
response to dicamba was detefmined by measuring the plant height to the
top of the head, head length, flag leaf to head tip distance, dry-
weights- of the head and foliage, of suckers per plant‘and sucker head

dry weight.
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TABLE ‘1

TREATMENT STAGES FOR THE FIRST GREENHOUSE
GROWTH STAGE EXPERIMENT -

Treatment - Height~ -Leaves Days after ‘Crown te
(in) - emergence floral bud

1 12 6 19 -

2 14 6-7 23 =

3 16 7 27 0.5 in

4 18 8 | 31 0.8 in
5 18 8-9 35° 1.3 in

6 20 9-10 39 2‘8 in

7 19 10-11 43 7 3.1 in

8 22 11 47 8.4 in

9 19 11 51 9.0 in

10 20 11 55 14.0 in-boot
11 20 11 59 anthesis
12 . 22 11 63 post~anthesis

13 24 11 69 soft-dough
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The second experiment was. replicated four'times;fwith;eaéh '
experimental unit consisting of one 0.5 gallon pot containing 2 plants
of RS610 sorghum.. The pots were surface watered daily and drainage was
not possible. At the time of each herbicide -application the height.
and number of leaves were determined for each plant to be treated.
Herbicide applications began 15 days ‘after emergence and were repeated
at '3 day intervals until 27 days'after emergence. Applications were
then continued at 4‘day intervals until 47 days after emergence, at
which time the plangé were in the early boot stage (Table II.) The
date of heading was recorded for‘each plantf- At -maturity the héight of
each plant to the top of the head was measured. Other measurements .
taken at this time were fresh Weight‘and number of suckers per plant,
fresh and dry weight of the entire head aﬁdeeightiof-thé'grain

| produced.

Dicamba uptake

In order to compare the effects of root vérsuslfoliar and root
uptake, dicamba -was applied to RS610 sorghum:as'eighér»a topical spray
or by leaching measured amounts of herbicide into the soil.

A randomized block experiment with four replications was-condugted
in 8 inch pots, with each pot containing 2 sorghum plantéu All .
treatments were applied 28 days after emergence, when the plants”Had
9 to 10 leaves and averagéd 9 inches in height. At the time of
treatment one selected pot was har%ested in order to estimate the
fresh weight and floral bud position in the treatéd plants. The fresh

weight of these plants averaged 13.6 grams and the fleral buds had

moved upward 0.75 in from the point of initiation..
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TABLE II

TREATMENT STAGES FOR THE-SECOND-GREENHOUSE
GROWTH STAGE EXPERIMENT

Treatment Height Leaves Days after Crown to

' - (in) emergence floral bud -
1 12 6-7 15 -

2 16 7-8 18 -

3 17 8-9 21 0.9 in
4 18 9 24 0.9 in
5 20 9-10 27 1.5 in
6 2 10 31 2.2 in
7 24 11-12 34 2.8 in
8 26 12-13 38 3.5 1in
9 28" 12-13 42 8.7 in
10 26 13 46 16.0 in

Dicamba treatments consisted of 0,5 1b/A applied topically, 0.5
and 3.0 1b/A applied to the soil, and no,chemiCalfﬁ Soil applications
were made by passing the spray nozzle over a pot size funnel and washing
the herbicide from the funnel into a glass jar with 250 ml -of water.
This solution wag then poured onto the appropriate pot, and an.
a&ditional 750 ml of water -added to leach the herbicide deeper into-

the soil. . Similar moisture conditions were maintained in all pots,
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by -adding 1000 ml of water to the soil in remaining pots following
application of the topical treatment.

The-date of heading was recorded for each plant, and at 'maturity -
erop injury was detérmined by‘several measurements including height
of plants; fresh and dry weights of~foilege and heads, and weight of

grain produced.,

Sorghum varities

Seven varieties of grain sorghum were grown in order to determine’
whether varietal diffefences exist in the susceptiability of sorghum to
injury from dicamba. The experiment was designed to. include all
varieties used in;other’of these experiments and certain other varieties
with diverse gemetic backgrounds. A split-plot design with herbicide
treatment as -the main_ﬁlot and sorghum variety as.the sub4pidt‘was
utilized for the experiment, Each sub-plot treatment was replicated
four times. The‘single:herbicide application of 0.5 lB/A,was,applied
to all varieties 53 days aftér emergence, which was approximately three
weeks before heading.

Two plants were grown in each 8 inch pot until one week before
dicamba was applied. At that time the plants. were thinned to one
plant per pot..

The dates of heading and anthesis were recorded for each planto”
At maturity crop injury was determined by several measurements
including number of suckers per plant, flag leaf to head distance,
‘height of plant to bottom of head, foliage dry Weight, head length,

weight of the entire head and weight of the grain produced.
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Water usage

The effect of dicamba on the use of water by OK612 sorghum, a
hybrid prdducgd from Wheatland and ROKY 8, was studied by measuring the
weight loss of undrained plastic pots in which thé'sorghum_was,growiﬁgn
One plant was grown in each pot which contained 600 gm of -a loam soil.
Each pot received 0.83 gm of 23—19—17 fertilizer plus iron and trace
elements, Water loss by evaporation was. reduced by ‘placing a plastic
cover~on-eééh pot, with a hole in the center for the plant.- Complete
contact between the plastic coVers and planté was avoided in order -to
enhance soil aeration, Evaporative water loss‘was détermined by
maintaining similar pots without plants as one treatment of the
randomized block design used in-each of the two'expefiments.performed’
in .this manner, InitiaL‘detérminations of weight loss were scheduled
at three day intervals. As-the amount of water use increased with
plant growth, the weighing interval was- décreased to.one day: Each
time the pots were weighed, sufficient water was-added to restore each
pot to the original 257 bY»Weight.moisture‘coﬁtent,»uncorrécted for
plant weights.

The first experimentvwas;reﬁlicéted’five,timesp. Dicamba treatmeﬁts
in this experimenf‘consiSted'of Oi’ 0.25, 0.5 and 1.0 1b/A applied
preemergence-and 0.5 1b/A applied to the foliage 14 days after
emergence. .Transparent plastic was used to cover the'pots; Six days
after planting the plastic was perforated sufficiently to allow the.
seedling to.be.guided through the.cover.
| Thirty days after emergence the plaﬁts were harvested by washing
the soil froﬁ‘the:rOOts, At this time foliage and root weight.

determinations were made and the number of leaves per plant recorded. .
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The second experiment was. replicated four times;v Herbicide -
applications were made four days after‘emergence'of_the sorghum at..
which time’the plants were in the early four leaf stage;“‘Dicémba’
treatments uséd were O,'O.25, 0.5 and 1.0 1b/A»applied-topically to
foliage and soil, 0.5 1b/A applied to the foliage only and 0.5 1b/A .
applied to the soil onlyf With the ekceptionlof the soil application;
all'pots'Were”restéred‘te;the’originaleSZ'byrweightimoistu:e content
prior to herbicide application. The soil application was made by
passing the. spray nozzle over a funnel equal in size to the plastic
pots, after which the hérbicide was,washed'from the funnel -into a glass
jar with 50 ml of watérs The-solution was then quickly poured onto.
the surface of the appropriate“pot andvadditional'water'was’added to
restore thé moisture content to 25% by ;vei‘ght'° Plastic covers were
not.placed on the pots until hefbicide‘appliéatiOns were completed,
except that in the case of the foliar treatment the pots were covered
immediately before treatment.

Twenty—fivé days after treatment the height of each plant was
recorded, Thirty days after treatment the height and leaf number of

each plant was determined.

Dicamba translocation

The translocation of dicamba was studied following foliar
application of.carboxyl—labeled.14C—dicamba; specific activity 1.89
millicuries/ﬁillimoléh’ The ten plants of OK61l2 sorghum used in -the
study each received a topical application of 0:5 1b/A of -dicamba

immediately prior to treatment with the radiocactive material. During

the topical herbicide -application, the twelfth leaf of -each of the
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53 day old plants was covered to prevent herbicide contact. The"
twelfth leaf of each plant was then fastened . in a frame constructed in
such a manner as to hold the'leaves"firmlyminfplace“Withqut’iniuryr
One/ml'of-;4C—didamba in distilled water was then applied to an .8 in:.
section of each twelfth leaf, in the .form of one hundred 10 microliter
droplets. Each plant,received:6°54 microcuries of radioactive
herbicide. Application of the,l4C material was made at a constant air
temperature of 70°F in order.to extend the period of droplet
evaporation to approximately 90 minutes. Each plant was in the 13-14
leaf stage at the time of treatment. The heads were located
approximately one-half the distance.between the crown and the sheath of
the thirteenth leaf.

Prior to treatment the plants were grown in th‘e“greenhouse°
Following herbicide appliqation the plants were transferred to-a growth
chamber where a 14 hour daylength was maintained. The cool white
fluorescent and incandescent lighting in the:chambef provided a light
inténsity»of«2800 foot.candles at the tgﬁ of the,pléntsJ Constant
temperatures of 95°F day . and 75°F night were maintained 'in. the chamber.

Fourteen days after treatment the plants began to head. . With the
exception of one plant which failed to produce a head, all of the heads
emerged within a period of four daysf‘

Twenty=-three days after treatment,. each twelfth leaf .(radio-
actively treated) was removed and washed in 250 ml of 80% ethanol for:
one minute. Ethanol samples were collected and analyzed to determine
thé1amount-of'l4Cedi¢ambg'washed from each leaf. The-amount*of'14C—_
dicamba uptake was assumed to be the difference between the amount:

applied per leaf and the amount recovered in ethanol. The remainder
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of each plant‘was:séctioned”and quickly frozen. The plant ‘sections -
were then lyophilized and the’l4Cvcontent“of»various parts determined’
using liquid scintillation. Approximately 20 mg of root tissue, 10 mg
of vegetative tissue or 5 mg-of tissﬁe,frOm_thé‘inflorescencé was
placed in each scintillation vial for counting. - All counts were
corrected for background and quench by use of internal standards.  The
cocktail mixture used consisted of 120 gm napthalene, 4gn; PPO, 50 mg

POPOP plus p-dioxane to one liter.
Field Studies

Field experiments were conducted during 1967 and 1968 at the
Oklahoma State University Agronomy Research Stations “at Perkins or
Stillwater, hereinafter referred to as Perkins or Stillwater. During
1968 one. experiment was isolated approximately 13 miles"west:éf
Stillwater; in an area near Lake .Carl Blackwell.-

All treatments were.applied with an experimental-plot tractor
sprayer with an output of ‘30 gallons per acre. Applications made when
the crop heightlexceeded the center clearanee of the tractor were-
accomplished by means of side mounted booms. All directed treatments
were applied by equipping the .tractor with a sled type.directed spray

unit. -

Dicamba on late growth stages.

During - thé summer of 1967, three experiments were established to
investigate the effects of dicamba on sorghum when applications were.
made after initiation of the floral bud. In each of the experiments a

randomized block design was used with the herbicide tteatments
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replicated twice. Each plot consisted of six 40 inch rows of 0K612
sorghum. Three rates of dicamba, 0.25, 0.5, 1.0 1b/A, were applied
topically at each date of treatment;‘

Prior to harvest the percent lodging was determined for each
treatment by counting the number of lodged and upright plants in one
row of each plot. Approximately one month before harvest the number
of sucker heads in one row of each plot’was"determinéd.by count.- The
data on sucker heads was standardized to the number of sucker heads per -
six feet of row. At maturity the plots were harvested and yields
determined. Conditions specific for each experiment are listed in

Table III. .

TABLE TII

SPECIFIC CONDITIONS FOR THE LATE GROWTH STAGE EXPERIMENTS-

Experiment ‘Number: 1 2 3

Location: - Perkins Perkins Stillwater
Soil Type: Vanoss Loam Norge Loam Port Silty
Clay Loam

Plot Length (feet): .

Growth Stage and Age

(days) at Treatment: Days Stage Dajs”"Stage "‘Days ~ Stage
40 36 in 40 28 in 23 28 in
height height height
46 late 46 30 in 33 early
boot height boot
46 full 53 post .
bloom bloom
61 post 64 soft

bloom dough
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In:expefimeﬁtsil'and 35'the'amount.of"héadfdamagezat'thektime of .
head emergence was determined by’meaSuring,the”length.othhefdamaged
and undamgged.portiOnVofVIOO cénsecutiVe heads in the second row of
each ploto"Thesé'measurements were taken dufing:or immediately after

anthesis.

Directed vs topical applications:

Comparisons of difectéd\and topical'applicationéwof dicamba.were .
made . following herbicide applications to eight stages of crop-growth’
(Table 4). Rates of 0.25 and 0.5 1b/A of dicamba were applied at each
growth stage as either 'a topical application or as a 14 in band centered
on.the crop row~with‘covefage'bn the lower three inches of the:.crop.

A randomized block design with 4 replications was used for the.
experiment. Each plot consisted of “two 40 inch rows of RS610 sorghum,
30 feet ldngp The test was conducted on Port silty clay loam at
Stillwater.

During the period from early boot through full bloom the average
stage of development of each plot was'estimated visually at 3 day
intervals. The'ratings were converted to a numerical ‘scale as follows:

1. Early boot,

2? Late boot'

37. Head partially emerged

43 Head fully emerged

5. Upper 0,25 of head flowering

6% Upper 0.5 = 0,75 of head flowering

7, Lower 0.25 of head in anthesis

8} Anthesis 0.90 complete
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At maturity the plots were harvested and grain yields were -

determined.
TABLE 1V -
EROP STAGES 'TREATED  IN TOPICAL vs -
DIRECTED APPLIGATION STUDY
Date of Height Days after Crown to -
treatment ~(in) emergence floral bud
7-10-67 3 2 -
7-19-67 6 11 -
7-22-67 9 14 -
7-28-67 15 20 -
7-31-67 18 23 2. in
8-7-67 28 30 4 in
8-15-67" 34 38 14 in
8-21-67 36 44 late boot

Method of application

The relationship between the area of dicamba contact with sorghum

plants and reduction of yield was examined by means of applications of

the herbicide to selected locations on OK612 sorghum,

A randomized "

block design with six replications was established on.Vanoss loam at -

Perkins- during 1968 for the purpose of conducting this experiment.

Each plot consisted of -two 40 inch rows, 30 feet in length. Herbicide
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treatments were applied 44 days after crop emergence at.which’time‘the
cfopvheight was 38 inches and the\flOrél'buds'were’located 9=10 inches
above .the crown. Herbicide applications were ‘made either as topical
appliéations,'topical applications with the soil covered with plastic,
directed appliéations with drop.nozZleS'treatipg the lower 8 in of the .
plant with full soil coverage, applicatiOns“to the soil only and ‘an.
untreated control. Three rates of dicamba, 0,125, 0525‘and'130 1b/A,
were applied by each method,‘with‘the exception that the high rate was
deleted from the‘topiéal application with the soil covered. Six days’
following herbicide applications, all plots received 2 in of water by
sprinkler irrigation. .

One week after the treatments werg'applied% atvthevtiﬁe the headsv
were beginning to emerge, counts were taken of the number -of heads per.
row%"This’data was obtained in order to'determiné'the'effeét of dicamba
on the"rate of development of the crop. At maturity the plots were

harvested and yield data obtained.

Maturity delay

© Further studies on the effects of dicamba in delaying tﬁe,
development .of sorghum were undertaken“at-Pefkins during 19685 A
randomized block'designﬂwith»4 replications was used for the experiment.
Eéch:plot consisted of two 40 inch rows 30 feet longf Topical dicamba
applications °f’0ﬁ125’ 0.25 or 055 1b/Agwere made at six stages of -

growth of the OK612 sorghum (Table V).
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TABLE V

CROP STAGES TREATED IN MATURITY DELAY EXPERIMENT

Date ‘of . Height' .Leaves  Days after Crown to
treatment (in) ' emergence floral bud
6-13-68 5 6 10 , -
6~19-68 10 8 16 - -
7-2-68 28 12 2$ 3'in
7-16-68 32 flag 42 early boot.
7-20-68" 38 flag 46 ‘ late boot

During the period from heading to'anthesiss counts: were taken of
the number of plants heading or in anthesis. Yield dafa was- unavailable
due to the exceptionallyvheavy bird damage incurred. The Vanoss loam
soil was sprinkler irrigated with 3 inches of water 7-10-68 to

supplement natural rainfall.

Effects of irrigation

Applications of dicambaiwere made to both irrigated ;nd non- .
irrigafed 0OK612 sQrghum;'at.S,sﬁageshof'grewuh;?inw0$der¥toadetérmine"
the effect of spil moisture supply on dicamba‘phytotQXicity»(Table—VI):
The study Was.coﬁducted on a Vanoss loam soil at the Perkins station
during 1968. . A split-plot design with four replications was utilized.
One main plot treatment received only natural rainfall (Appendix A),

while the other main plot treatment received natural rainfall plus
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6 inches of water by means of sprinkler irrigation. Thesupplemental
water‘was.added'atftwo'datés, July 10 and July 24, with 3 inches added

at each date.

TABLE VI

CROP STAGES - TREATED IN IRRIGATION PRACTICE EXPERIMENT

Date of . Days after - Crop height (in) Crowh.to“floral bud (in)
treatment. emergence irr non~irr irr non-irr -
7-2-68 25 20 - 20 1 1
7-8-68 31 28" 28 4 4
7-16-68 39 36 34 9 7
7-18-68 41 - 38 34 15 o 9
7-20-68 43 36 32 17 14

- When the plants. reached the heading stage courts: were taken of -the
number of plants headed, or later the number of plants in anthesis was.
determined. At maturity yields were.taken, however the yield data

was-considered invalid due to ‘the high incidénce of bird damage.

Dicamba on male sterile sorghum

In order to determine whether the effécts of dicamba on grain
sorghum yields were specifically exhibited through effécts on male or
female flower parts, a male sterile line was utilized. In order to

avoid foreign pollen sources, the randomized block experiment with
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four replications was established in aﬁ-isolated‘area‘near Lake Carl-
vBlaékwell, The plots were laid out on a perpendicular to the prevailing
southerly wind to reduce the pollen movement between plots. To further
reduce pollén movement, .the pldtiarea was enclosed by six 40 inch rows
of South American open pollenated popcorn. Each 30 foot plot consisted
of 6 rows of pollen producting (Baline)'ana'4~rows—éfama1e sterile (4
line) Redland sorghum. The row sequence from south to ndrthbacross each
plot was B-B-A-A-B-B-A-A-B-B. Topical applications'of OfS 1b/A
dicamba were made 40 days after emergence at which time the plants were
37-38 inches tall and the floral bud was 7 inches above the crown.
Treatments consisted of no herbicide treatment, application of dicamba
to B line only or application of the herbicidé-to A line only. All
plots in which the'pollén:source'receiVed'a herbicide application were
separated from all other plots by ten 40 foot rows of the previously
mentioned popcorn.

.At.maturity the yield of both A and B lines in each plot was

estimated -as a percent ‘of the respective line in the untreated plots.



CHAPTER IV
RESULTS AND DISCUSSION
Greenhouse and Laboratory Studies

Growth stages

In the first growth stages experiment‘application of 0.05 1b/A
dicamba to sorghum 19 days after emergence, prior to initiation of the
floral bud, delayed heading of the plants. Similar application at
later stages of growth did not produce such delays (Table VII). Dicamba
applications ‘did not szect the dry weight.of the entire head, length
of the head or elongation of the peduncle when measured as the height
of the head above the flag leaf, None of the dicamba applications
affected the height of plants, dry weight of the foiiage, or number of
suckers per plant (Table VIII). Redﬁctionsnin the mean.dry weight of
sucker heads occurred following dicambe applications at 19 or 69 days
after,egérgence.

The ‘time of head emergence.ﬁas not delayed following dicamba
applications at any growth stage in the second growth stage experiment.
There appeared to be a similarity in the relationship between time of
gpplication and time of heading for both growth stage experiments
(Table IX). Reductions in mean plant height following dicémbé'appli~
rations at 15 or 18 days after emergsnce were noteda The number of

2
suckers per plant increased following dicemba application at any stage

30



31

of growth whlle fresh welght of -the suckers was 1ncreased by applica~

tion at 24, 27 or 39 d&ys after emergency. (Table

f ~TABLE. VII

EFFECTS OF DICAMBA APPLICATIONS AT SEVERAL GROWTH STAGES
ON HEAD CHARACTERISTICS FIRST;GROWTH STAGE EXPERIMENT

Time of (;)‘ Cfoﬁh'tei : Date‘of(é)'Head'dry: Head:lgt. Flag leaf to
treatment. - floral bud = heading wt‘(gm)ﬁ (in) - head (in)
— 3 —

19 - . T.0e 2.4 4.6 1.9

23 _ s sb 0.5 4.8 a 1.6

27 “d.svin. "'T 4.9,gb' 0.7 a 4.9 1.6

31 0.8 " 5leh.8‘5b‘ 0.5 5.0 0.8

35 | 1,34‘" . h.2ab 0.5 _5.3' 1.4

39 2.8 " N e 0.5 5.3 0.7

43 31 " W3ab 0.7 5.0 0.5

¥ 8;h v 43 0.5 4.6 0.6

51 9.0 " o 0.8 w6 5.7

55 .0 " 1.0 .5 2.2

59 "enthesis t C.8 LY a 2.1

63 | gposteﬁioem 2.0 ; | b7 2.8
69 soft-dough 3.1 4.9 2.3
check - 381 1.4 4.8 2.1
1. Days after emergence.v ’
2. Days after 3—17-68 fer treatments applied before boot stages.
3.  Numbers within each column followed by the same letter are not

51gn1ficantly different at the 0.05 level.
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EFFECTS OF DICAMBA APPLICATIONS AT SEVERAL GROWTH STAGES ON VEGETATIVE
AND SUCKER. CHARACTERISTICS, FIRST.GROWTH STAGE' EXPERIMENT

(1) (2) (3)
Time of Crown to Plant Foliage Suckers Sucker head
treatment floral bud height welght per plant weight
(4)

19 - 19.8 a 8.7 a 5.1 a 0.2 ¢
23 - 21.1 =a 2.8 a 6.3 a 1.5 be
27 0.5 in. 20.7 a 1.4 a 4,6 a 2.6 ab
31 0.8 " 21.8 = 12.6 a 5.3 a L,2 a
35 1.3 " 21.3 a 12.7 a 4.8 a 1.7 be
39 2.8 " 20.8 a 13.2 8 5.6 a 2.0 be
43 3.1 " 20.2 a 12.6 a 4.8 a 1.5 be
uT 8.4 " 19.1 a 13.2 a 5.4 & 1.2 be
51 9.0 " 25.1 a 12.2 a 6.1 a 1.1 be
55 k.0 "™ 21.0 & 11.7 a 5.3 a 0.7 bs
59 anthesis 19.1 a’ 12.4 a T.2 a 1.2 be
63 post~bloom 21.8 a 11.2 = 5.8 a 0.8 be
69 soft-dough 21.7 a 12.6 a 5.3 & 0.2 ¢

check N 21.9 a 10.9 a 5.0 a 2.6 ab

1. Days after emergence.

2. Height (in ) fo‘top of head st maturity.

3. Grams dry weight.

Numbers within each column followed by the same

significantly different at the 0.05 level.

letter are

noeb
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'TABLE IX

EFFECTS OF DICAMBA APPLICATIONS AT SEVERAL GROWTH STAGES
ON HEAD CHARACTERISTICS, SECOND GROWTH STAGE EXPERIMENTS

(1) ’ (2)

Time of Crown to Date of Head dry Grain per
treatment floral bud heading wt (gm) head (gm)
(3)

15 - , 3.8 a 5.6 3.6 b

18 - 1.5 & 2.1b 0.4 b

21 0.9 in 2.0 a L, 7o 2.4k b

2k 0.9 " 0.1 = 2.2 Db 0.3 D

27 1.5 " 0.0 a 2.7Tb 0.2 b

31 2.2 " 0.6 a 2.2 b 0.2 b

3L 2.8 " 2.1a 2.TDb 0.5 b

38 3.5 " l.bha 2.6 b 0.4 b

L2 8.7 " 0.8 a 2.7 Db 0.4 b

L6 6.0 " 0.0 a L4t b 2.2%D

check | 0.0 & 11.1 a 9.0 a

1. Days after emergence.
2. Days after chedk.

3. Numbers within each column followed by the same lefter are not
significantly different at the 0.05 level.
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All dicamba applications reduced the oven dry weight of the entire
head (Table IX),, Hand threehing_of the sorghum hesads revesled that the
production of grain was reduced by application of dicamba at any of the
several growth stages. When applications were made at 15 or 21 days
after emergence the plants in one pot of each treatment produced grain
in amounts similar to the untreated check. All other plants treated at
15 or 21 days after emergence produced very little grain. Reexamination
of plent measurements taken at the time of treatment confirmed that all
plants treated at each date were similar in vegetative development and
offered no explenation of the variability in grain production (Table IX).
Plants treated at 47 days after emergence produced both well develcped
and small undeveloped grain. Plants treated at other stages of growth

produced only small, undeveloped, dark colored grain.

Dicamba uptake

Applications of 0.5 or 3,0 1b/A of dicamba to the soil fesulted
in chlorosis of the lower leaves of all treated plants within five days
after treatment and rolling of the upper leaves. The chlorotic region
on plants receiving the higher rate exﬁended to the lower seven leaves
within a week after which the plant continued to become more chlorotic
and necrotic. All plants were dead within 30 days after treatment.

The lower six leaves of plants growing in soil treated with 0.5 1b./A.
dicambs beeame completely necrotic within 30 days after itreatment. All
other leaves on these plants maintained normal vigor until maturity.
Plants which received a topical application of 0.5 1b/A dicamba did

not develop leaf chlorosis.
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TABLE X

EFFECTS OF DICAMBy APPLICATIONS AT SEVERAL GROWTH STAGES ON VEGETATIVE
~ AWD SUCKER CHARACTERISTICS SECOND GROWTH STAGE:EXPERIMENT

EH (2)

Time of Crown to Plant ht Number of Bucker fresh
treatment floral bud {(in) suckers wt (gm)
(3)
15 - 24.8 v Lo b 3.7 cd
18 - 25.8 b 5.5 6.0 bed
21 0.9 1in. 28,3 ab 4.1 b 4.2 cd
2y 0.9 " 27.8 aﬁ 8.3 a 16.5 a
27 1.5 " 28.3 ab _ 6.3 ab 11.0 abe
31 2,2 " 27.4 ab 5.5 ab 5.9 bed
34 2.8 " 27.8 ab 4,6 b 8.4 bed
38 3.5 " - 33.2a 6.4 ab 12.1 ab
42 8.7 " 32.8 a | 6.4 &b 8.3 bed
L6 16.0 " 33.6 a 4.8 b 8.5 bed
check 33.3 a 141 c 1.2 &

1. Days after emergence.
2, Height to top of head at maturity.

3. Numbers within each column followed by the same letter are not
significantly different at the 0.05 level.
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The height to the top of the head of plants which received 0.5
1b/A dicamba as a soil treatment was greater than the height of the
untreated check or plants which received a similar rate of dicamba as a
topical treatment. DNeither soil nor topical applications of 0.5 1b/A
affected the fresh or dry foliage weight, or dry weight of suckers
present when the primary head was mature (Table XI).

The topical application delayed the time of head emergence. All
dicamba applications resulted in decreased fresh and dry head weights

and decreased weight of grain produced (Table XIT).

Sorghum varieties

Application of 0.5 1b/A of dicamba delayed the time of head
emergence of all seven varieties included in the experiment. The time
of heading of early maturing varieties appeared to be delayed more than
the time of heading of later maturing varieties. (Table XITI). The
number of treated plants that failed to head and/or bloom varied with
varieties, Plants which failed to head were omitted from determina-
tions of time of head emergence (Table XIII). Only two varieties, Red-
lan and Pioneer 886, produced heads on all dicamba treated plants. The
greatest reductions in the number of heads produced occurred with
Wheatland, OK6l2 and NK 222 g varieties, each of which produced heads
on only one-half of the treated plants. Although three~fourths of the
treated Dekalb F~-61 plants produced a head, none of the plants bloomed.
All untreated plants within each variety produced heads and bloomed

within a period of seven days.
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TABLE XI

EFFECT OF-METHOD OF DICAMBA APPLICATION’ON THE
VEGETATIVE DEVELOPMENT OF SORGHUM PLANTS

(5 RS ¢-)

Treatmen vPlant IR . Foliage Fresh Foliage dry  Sucker head dry

rate method (in)  i‘ oWt (gm) wt (gm) wt (gm)
T O |
0.5 topical 23.8b - = 268.1 s . 54,5 a- © 3.6 a
0.5 soil  27.2a  24.3a 53.5a o lala
3.0 soil 0,0 c 6,50 5.8 b 0.0D
0.0 check 22.9b ~ 212.5a 43.0a 3.1a
1. Treatment rates. are listed as 1b/A active ingredient.
2. From soil to top‘of'mature head.
3., Numbers within each column followed by the same letter are not
significantly different at the 0.05 level,
- TABLE XII
EFFECT OF -METHOD OF DICAMBA APPLICATION ON THE
DEVELOFMENT OF THE SORGHUM HEAD
(1) o (2) -
Treatment Time of | Head Fresh Head dry Grain per
rate method heading wt (gm) wt (gm) head (gm)
- (3)
0.5 topical 3.0 a 4.3 be 1.3 b 0.2 b
0.5 soil 1.4 ab - 8.4 D L,O0D 2.6 b
3.0 soil - . 0.0c¢ 0.0 b 0.0 b
0.0 check  0.0b 13.9 a 8.3 a - T.la
1. Tréatment rates are listed as 1b/A active ingredient.
2. Days after éheck?
3. Numbers within éach column followed by the same letter are not

significantly different at the 0.05 level.
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The height of plants to the bottom of the head was reduced in all
varieties by application of dicamba. Differences in height were ncted
among varieties but no differences were noted in ﬁhe responge of the
seven varieties to dicamba (Table XIV). The effects of dicamba on the
oven dry foliage weight of the varieties were variable. Dicamba in~
creased the foliage weight of the RS610 variety while the foliage
welghts of Redlan, OK612, Dekalb F~61 and NK 222 g were decressed by
application of dicamba. The foliage weights of Wheatland and Ploneer
886 were not affected (Table XV)}. The mean number of suckers increased
on plants treated with dicamba when averaged over all varieties. When
averaged over herbicide treatment the mean number of suckers on
Redlan and NK 222 g was greater than the nuwber of suckers on RS610. No

significant herbicide~variety interaction was found (Table XVI).



TABLE XIII

EFFECT OF DICAMBA ON THE TIME OF HEADING AND THE
NUMBER OF PLANTS THAT HEADED OR BLCCM
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Variety Time“of( ) Plants that headed - Plants that bloomed
heading (percent of check) (percent of check)
RS610 3.0 75 50
Dekalb F-61 9.6 75 0
Pioneer 886 9,0 100 100
0K612 4.0 50 25
NK 222 g 3.5 50 50
Redlan 5.5 100 T5
Wheatland 0.8 50 50

1., Days after untreated plants of the same variety.

EFFECT OF DICAMBA ON PLANT HEIGHT

TABLE XTIV

Variety Plant height (in)
untreated - dicamba treated variety average
| | (1)

RS610 18.0 10.1 14.1 ab
Dekalb F-01 19.6 10.1 14.9 s
Pioneer 886 18.2 8.8 13.5 abe
0K612 16.4 6.4 S 11.4 be

NK 222 g 18.4 8.6 13.5 abe
Redlan 7.4 1.1 14.3 ab
Wheatland 13.5 8.0 10.8 ¢

1. Means in the variety average column foliowed by the saﬂe ietter
are not significently different at the 0.05 level.
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_ TABLE XV

EFFECT OF DICAMBA ON FOLIAGE DRY WEIGHT

A_Variéty Foliagé dry weight (gm)
= | untreated dicanmba treated variety average
' | 1) | 2)
RS610 31.7 48,1 * 39.9 ¢
ﬁDéha}b F-61 T1.5 40.5 * 60.0 a
Pioneer 886 59.6 ‘ 54,1 56.9 a
 0Kb12 - 37.2 27.8 * 32.5 d
WK 222 g © 50.1 38.1 % 4,1 ®
Redlen ' 60.5 48,1 * 54,3 a

Wheatland . 34.8 30.3 . 32.5 4

1. An asterisk in the "dicamba treated” column indicates that
dicamba affected the foliage weight of that variety at the 0.05%
‘level of significance.

2, Means in the variety average column followed by the same letter
are not significantly different at the 0.05 level.



TABLE XVI

“EFFECT OF DICAMBA ON THE NUMBER .OF.SUCKERS PER PLANT =
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Variety Number of suckers per plant
untreated dicamba treated variety average
(1)

RS610 0.5 3.5 2.0 ¢

Dekalb F-61 k.0 L5 4,3 abe

Pioneer 886 3.5 4.5 4.0 abe

OK6l2 1.5 3.5 2.5 be

NK 222 g 5.3 5.3 5.3 a

Redlan L. 8 4.8 L.8 ab
Wheatland 3.5 3.3 3.4 abe

1. Means in the variety average column followed by the same letter are
not significantly different st the 0.05 level.



The length of the sorghum head was not affected by application of
dicamba. Among varieties it was noted that Redlan produced shorter
heads than 0K612, Dekalb F-61 or Pioneer 886 (Table XVII)}. Although
dicamba did not affect the length of the head, elongation of the
peduncle was inhibited. When peduncle growth inhibition was determined
by measuring the distance from the flag leaf to the top of each head,
it was determined peduncle elongetion was reduced similarly in all
varieties (Table XVIII).

Averaged over all varieties, dicamba greatly reduced the mesan
fresh weight of the entire head. By comparing each variety individually
it was found that dicamba did not reduce the fresh head weight of the
Redlan or Dekalb F-61 varieties. It should be noted that the two
varieties which did not exhibit head weight reductions produced rela-
tively small heads on untreated plants‘(Table XIX),

The grain produced on dicamba treated planfs was small, undevelcped
and dark brown in color. The presence of female flower parts on each
smell grain and the fact that anthesis was noted on the dicamba treated
plants indicates that the development of the caryopsis was arrested
after anthesis. A comparison of dicamba treated and uatreated plants
within each variety indicates that dicanbs reduced the grain pro-
duction of all varieties except Dekalb F-61l. The amount of grain
produced by untreated Dekalb F~61 plants was not great enough to be
statistically greater than the complete lack of grain production on

dicamba treated plants of this variety (Table XX).
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TABLE XVII

.. ... EFFECT OF.DICAMBA.ON..LENGTH OF THE HEAD ... %

Variety _ Head length (in)
untreated dicamba treated variety average

:RS6lO ’ 5.1 | 5.3 - 5.2 ab ()
Dekalb F-61 5.2 6.1 5.7 a.
Pioneer 886 . 5.3 5.8 5.5 a
oK612 6.3 5.2 5.8 a
NK 222 g 5.3 4.9 5.1 ab
Redlan . 3.3 ’ 4.6 L0 b
Wheatland 6.0 4.3 5.2 ab

mean 5;2,ka)(2) 5.2 (a)

"1l. Means in the variety average column followed by the same letter
are not significantly different at the 0.05 level.

2. Treatment means followed by the same letter are not significantly
different at the 0.05 level.
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TABLE XVIII

EFFECT OF DICAMBA ON PEDUNCLE ELONGATION

Variety . “Fleg leaf sheath to head top distance (in)
untreated dicamba treated variety average
) (1)
RS610 8.8 1.9 5.4 &
Dekalb F-61 9.1 2.6 5.9 a
Pioneer 886 8.6 2.3 6.2 a
OK612 ‘9.5 1.9 5.7 a
NK 222 g 9.1 1.7 5.4 a
Redlan 5.9 2.k 4.2 a
Wheatland 6.0 1.6 3.8 a
(2)
mean 8.1 (a) - 2.3 (b)

1. Means in the variety average column followed by the same letter are
not significantly different at the 0.05 level.

2. Treatment means followed by the same letter are not significantly
different at the 0.05 level.
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TABLE XIX

EFFECT OF DICAMBA ON THE FRESH WEIGHT OF THE ENTIRE HFAD

Variety Head Weight (gm)
untreated ~ dicamba treated variety average
, (1) (2)

RS610 B 6.2 0.7 ¥ ‘ 3.4 b
Dekalb F-61 340 0.5 o 1.8 b
Pioneer 886 S 91 1.6 * 5.3 a
0K612  QLu5.7 0.9 * 3.3 b
NK 222 g s 0.7 * 2.7 b
Redlan 3.6 1.1 2.4 b
Wheatland 3.8 0.8 # 2.3 b

1. An asterisk in the "dicamba treated" column indicates that dicamba
affected the fresh head weight of that variety at the 0.05 level of
significance.

'2. Means in the variety average column followed by the same letter are
not significantly different at the 0,05 level.



TABLE XX
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Mean Grain Production (gm)

Variety
untreated dicamba treated variety average

RS610 5:1 0.1 # 2.6 ab
Dekalb F-61 2.0 0.0 1.0b
Pioneer 886 7.0 0.2 * 3.6 a

OK612 bh,2 0.0 * 2.1 ab

NK 222 g 3.4 0,1 ¥ 1.7Do

Redlan 2.8 0.2 * 1.5 b
Wheatland . 0.1 % 1.4 %D

. 2.6

1. An asterisk indicates that dicamba reduced the grain production
of that variety at the 0.05 level of significance.

2. Means in the variety average column followed by the same letter are

not significantly different at the 0.05 level.
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Water usage

Premergence applications of 0,5 or 1.0 1b/A of dicamba :educed
the loss of water from covered pots containing O0K612 sorghum within
6 days after emergence. At 9 days after emergence 0.25 1b/A of
dicamba had reduced the loss ofvwater when compared to the untreated
check. Although the amounts of>water used by all plants increased
with plant age, all preemergerice applications of dicamba reduced the
mean daily water loss throughout the course of the experiment.
Application of 0.5 1b/A dicamba to the foliage of previously untreated -
plants 18 days after emergence did not produce significant deviation
in the mean daily water usage (Table;xXI)g

When the experiment was terminated 30 days after emergence of
the‘sorghum plants, it was found that all preemergence dicamba
applications had reduced the mean number of leaves and the fresh and
oven dry weight of the foliage. The dry weight of the roots was
reduced by 0.5 and 1.0 1b/A of dicamba applied preemergence while

0.25 1b/A did not reduce the root weight (Table XXII).



TABLE XXI

EFFECT OF PREEMERGENCE OR FOLIAR DICAMBA APPLICATIONS
ON THE USE OF WATER BY SORGHUM PLANTS

L8

(1) (2)
Crop Mean daily weight loss (gm/pot)
age no 0.25 0.5 1.0 0.5 0.0
plant pre-e pre-e pre-e foliar check
(3)

9 0.7 cd 0.9 be 0.8 cd 0.5 d 1.2 a 1.1 ab
12 0.8 ¢ 1.5 D 1.3 be 0.8 ¢ 3.1 a 3.0 a
15 0.5 ¢ 2.2 b 1.7 b 0.9 ¢ 5.0 a 5.0 a
18  0.6¢ 2.1 D 1.8 b 0.9¢  5.5a 5.6 a
21 0.4 ¢ 2.1 b 1.8 b 0.8 ¢ 5.6 a 6.0 a
24 0.5 d 2,00 1.6 be 0.8 cd 6.0 a 6.2 a
27 0.5 ¢ 3.0b 2.7 b 1.2 ¢ 9.5 a 10. 4 a
30 0.3 ¢ 2.5 D 1.9 b l.2 ¢ T.T a 8.4 a
33 0.5 ¢ 3.6 b 2.6 b 0.6 ¢ 13.8 a 15.1 a

Crop age is lis

sted as days after emergence,

Nunbers listed in the headings of mean daily water loss columns
1
whe

refer Lo

Humbers in each row followed by the same letter are not signifi-

/A of dicamba applied.

cantly different ab the 0.05 level.



TABLE XXII

EFFECT OF DICAMBA ON THE GROWTH OF PLANTS IN THE
FIRST WATER USAGE EXPERIMENT
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Treatment Root drv Foliage dry . Foliage fresh Number of
rate method wt (gm) wt (gm) wt (gm) leaves
0.25 pre-e 0.4 a 0.18 b 1.3 b 6.6 b
0.5 pre-e 0.2 b 0.11 be 0.7 be 6.0 b
1.0 pre-e 0.1c¢ 0.0k ¢ 0.4 ¢ 3.0 ¢
0.5 foliar 0.5 a 0.84 g 6.9 a 8.8 =
check - 0.5 a 0.83 a 6.6 a 9.0 a

1. Treatment rates
Pre-e refers to

are listed as 1b/A active ingredient.
premergence applications.

2. Numbers within each column followed by the same letter are not
significantly different at the 0.05 level,
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Close observation of roots from plants subjected to preemergence
dicamba gpplications revealed that the roots of such plants failed to
produce normsl bran¢h roots. In contrast to the complexity of small,
elongated roots found on untreated plants, the tertiary roots of
treated plants were shortened to approximately 3-5 times the diameter
of the secondary root. The end of each of these shortened roots was
enlarged which resulted in the roots having a clavate appearance.
Microséopic examination of such roots revealed that the enlarged ends
of such roots contained a proliferation of very small cells.‘

The foliar application did not affect the number of leaves or
dry weights of the foliage or roots (Table XXII).

Dicamba treatments in the second water usage experiment consisted
of 0.5 1b/A applied only to the soil or foliage and 0.25, 0.5 or 1.0
1b/A applied topically to both fhe foliage and soil four days after
emergence. None of the dicamba applications affected the loss of water
for 13 days after treatment. At 16 days after treatment 1.0 1b/A
applied topically and 0.5 1b/A applied to the soil had reduced the
mean daily water loss. By 19 days after treatment 0.5 1b/A apﬁlied
topically had reduced the water loss. The other dicamba treatments did
not reduce the loss of water from the covered pots before the experiment
was terminated 34 days after emergence of the sorghum plants.

(Table XXIII).

The soil application of 0.5 1b/A reduced the vegetative height and
the number of leaves on the sorghum plants. In contrast 0.25 or
0.5 1b/A of dicamba applied topically increased the veget&tive height
of the plants but did not affect the number of leaves, Vegetative

height was not affected by ¢ther treatments. The number of leaves per
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plant was reduced by the 1.0 1b/A topical application and was not

affected by applying 0.5 1b/A to the foliage only (Table XXIV),

TABLE XXIIT

EFFECT OF POSTEMERGENCE DICAMBA APPLICATIONS
ON THE USE OF WATER BY. SORGHUM PLANTS

(2)

Crop Mean daily weight loss (gm/pot)
age no 0.25 0.5 1.0 0.5 0.5 0.0
plant  topical topical topical foliage soil check
3 |
T 1.0 b 4.1 a 4,1 g 3.h a 4.1 a 3.6 a .0 a
10 0.9 b 4,9 a L. 7T a 4,6 a 5.2 a h.,1 a . 5.0°8
13 0.7b 3.3a 27a 3.1a 3.3a 27a 28a
1e 1.1 b 6.3 a 5.7 a 6.2 a 6.6 a 4.7 a 5.3 a
19 1.3d4 13.4 ab 12.2ab 11.8 b 1li4.L a 6.0 c ¢l2;T ab
22 1.3d4 21.5a 16.5b 16.9b 22.2a T.lc 20.ka
25 l.2 4 é§}6‘a 24,3 b 25.1 Db 31.6 a T.1 ¢ 73057 a3
28 1.3 4 '36.9 a 31.9 b 31.4b 38.8 a 8.1 ¢ "35.4 ab
31 0.9d4 29,1 ab 26.6ab 26.0b 29.4 a 6.1 c 29.3a
34 1.0d 64,0a 52.20 48,9 b 63.3a 12.0c 62.2 8
1. Crop age is noted as days after emergence.

Numbers in mean daily weight loss treatments refer to 1b/A

dicamba applied.

Numbers in each row followed by the same letter are not
significantly different at the 0.05 level.



TABLE XXIV

EFFECT OF DICAMBA ON THE HEIGHT AND NUMBER OF LEAVES
OF PLANTS IN THE SECOND WATER USAGE EXPERIMENT

(1)

Treatment Plant ht Number of
rate nmethod (in) leaves

» (2)
0.25 topical 20.6 & 9.8 ab
0.5 topical 27.3 ab 9.8 ab
1.0 topical 25.3 be 9.0 b
0.5 foliar 24,8 be 10.8 a
0.5 soil only 15.1 4 6.8 ¢
0.0 check 23.h ¢ 10.8 a

1. Treatment rates are listed as 1b/A active ingredient.
Topical treatment refers to application of dicamba to both
foliage and soil.

2. Numbers within each column followed by the same letter are not
significantly different at the 0.05 level.
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Dicamba translocation

Twenty-three days after application of lgcwdicamba to the twelfth
leaf of 10 sorghum plants, all plants were removed from the growth
chamber, sectioned and then lyophilized. Liquid scintillation of the
various plant sections revealed that b vras transliocated throughout
the plant. The 1eas£ amount of activity detected in any seetion of
the plant was in the roots. Considerable activity was detected in the
eleventh leaf of the plant, opposite the twelfth leaf which received
the radicactive material. Activity was also discovered in the
fifteenth leaf (flag leaf). The activity in the floral organs was
higher than the activity detected in the peduncle or pedicel, indi-

1&0 occurred in the floral organs.

cating that accumulation of
The ethanol used to wash the leaf which received L C-dicamba

contained 33.46% of the activity applied. Therefore, with volatility

assumed to be negligible, 66.54% of the radiocactive dicamba applied

was absorbed by the plants (Table XXV).



TABLE XXV

LOCATION OF ll“C ACTIVITY 23 DAYS AFTER APPLICATION

oF 1YC-DICAMBA TO THE TWELFTH LEAF

54

(1)

Vegetative parts - cpm/gnm Inflorescence . cpm/gm
Tertiary roots- 450 peduncle from 1,760
’ ’ center of head
eleventh leaf 47,600 pedicel 2,480
twelfth leaf . 287,780 abnormal florets 4,400
fifteenth (flag) leaf 6,250 normal florets 4,080
peduncle below head 1,660 pistil-of'normal 5,120
florets
anthers 4,000

1. cpm/gm = counts per minute/gram dry weight corrected for background

and quenching.
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Field Experiments

Dicamba on late growth stages

In the first experiment where dicamba applications were delsayed
until after floral bud initiétion, none of the dicamba treatments
affected the number of sucker heads présent 30 days before harvest or
caused significant plent lodging. At the time of anthesis, portions of
the heads of dicamba treated plants failed to bloom. After measuring
the length of the areas that bloomed and failed to bloom on 100 con-
gsecutive heads in each plot, it was determined that all applications
of dicamba increased the length of the area which failed to bloom.
Yield determinations at maturity revealed that dicambe spplications of
1aO 1b/A at 40 or 46 days after emergence reduced grain yield
(Table XXVI),

Dicambs applications did not produce any plant lodging in the
second of this group of experiments. Although untreated plots were not
availeble for comparison, there was no effect of rate or time of
application on the number of sucker heads present 24 days before
harvest or on grain yield (Table XXVII}.

Application of 1.0 1b/A of dicamba 23 days after emergence
resulted in the presence of more sucker heads at 15 days before harveét
than similar a@plications at later dates in the third experiment of
this group. None of the treatments significantly affected the percent
of plants lodged. There were distinct trends toward earlier applica-
tions causing the production of more sucker heads and later applications
producing more lodging. However, the variability of the data prevented

the trends from being statistically significantly differences.



THE INFLUENCE OF RATE AND GROWTH STAGE ON THE EFFECTS
OF DICAMBA ON SORGHUM, FIRST EXPERIMENT ' =

TABLE XXVI
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§3)

(2)

Treatment Head damsge Lodging Sucker heads Yield
rate crop age (percent) (percent) (6 row-feet) {(1b/A)
1E3] B
0.25 40 days 10.0 abe 0.6 0.8 a 1966 ab
0.5 " 22,18 0.3 1.3 a 1437 be
1.0 "ov 17.2 ab 0.7 1.5 a 1024 ¢
0.25 Uu46 days “T.4 be 0.2 1.7 é 2385 a
0,5 e 11.5 abe 0.0 3.2 é 1906 abe
i.0 " "V 22.3 a 0.0 9.4 a 1296 be
0.25 56 days - 1.8 1.7 a 2189 ab
0.5 " " - 3.9 2.7 a 2047 ab
.0 " "% - 8.5 2.0 a 2080 ab
0.25 61 days - 7.7 1.6 a 2592 a
0.5 R - »h.8 0.4 a - 2385 a
1.0 " " - 1.2 0.0 a 2712 a
0.0 check 0.4 ¢ 0.0 0.5 a 2200 ab
l; Treatment rates listed as 1b/A, crop age as days after emergence,
2. Visible at anthesis.
3. DNumbers within each column followed by the same letter are not

significantly different at the 0.05 level.

’
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During anthesis, measurements of the abnormel parts of the
sorghum heads indicated that all treatments applied at 33 days after
emergence had caused significant damage to the lower part of the heads.
Trestments applied at 23 days after emergence appeared to cause damage
similar to that noted for treatments gpplied 10 days later, but the
damage was more evenly distributed along the length of the head, which

made measurement of such damage more difficult (Table XXVIII).

TABLE XXVII

THE INFLUENCE OF RATE AND GROWTH STAGE ON THE EFFECTS
OF. DICAMBA ON SORGHUM, SECOND EXPERIMENT

(1)

Treatment Lodging Sucker heads Yield
rate crop age {percent) {6 row-feet) (Ib/A)
(2)
0.25 40 days 0.0 0.4 & 1651 a
0.5 " " 0.0 0.4 a 1858 a
.0 " " 0.0 0.7 & 1514 &
0.25 46 days 0.0 0.2 a 1952 &
0.5 v 0.0 0.4 a 1771 a
.0 " 0.0 0.2 a 19Lk a

1. Treatment rates listed as 1b/A, crop age as days after emergence.

2. Numbers within each column followed by the same letter are not
significantly different at the 0.05 level.



TABLE XXVIII

THE INFLUENCE OF RATE AND GROWTH STAGE ON THE EFFECTS

OF DICAMBA ON SORGHUM, THIRD EXPERIMENT
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(1) (2)

Treatment Head damage Lodging Sucker heads Yield
rate crop age (percent) (percent) (6 row-feet) (1b/A)
(3)
0.25 23 days 12.9 be 0.3 = 23.5 ab 1097 bede
0.5 o 12.6 Dbe 0.0 a 21.5 ab 437 de
1.0 o 20.6 abe 0.0 a 25.0 g 206 e
0.25 33 days 22.5 ab 0.7 a 6.5 ab 1466 abed
0.5 " " 24,2 ab 0.0 a 2.5 D 856 cde
.0 " " 31.0 a 0.0 a 12.5 ab 660 cde
0.25 53 days - 9.4 a 4,5 ab 2300 a
0.5 "o - 14.3 a 2.0 Db 2393 a
1.0 v - 18.0 a 1.5 D 1910 ab
0.25 64 days - 5.7 a 1.0D 1654 abe
0,5 "o - 13,0 a 1.5 b 1054 Dbede
1.0 "o - 14,9 a 3.0 b 24TL g
(4)
0.0 check L.7 ¢ - - -

1. Treatment rates listed as 1b/A, crop

2. Visible at anthesis.

age as days

after emergence.

3. Numbers within each column followed by the same letter are not
gsignificantly different at the 0.05 level.

4, Data for check taken from untreated area which was treated priocr to

the conclusion of the experiment.
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Directed vs topical applications

Visual ratings of the stage of crop‘development made at 4h, 48, 51
and 54 days after emergence indicated that thé ability of dicamba to
delay sorghum development decreased as crop age increased at the time
of treatment (Table XXIX). Both topical and directed applications at two
days after emergence appeared to slow the development of the crop.
When, rated at 44 or 48 days after emergence, all plants which received
dicamba treatments 11 or 14 days after emergence were developing slower
than untreated plants, When rated at 54 days after emergence, the
development of plants which received 0.5 1b/A topically at 11 or 14
days was still noticably retarded, while the stage of development of
plants which received directed treatments or 0.25 1b/A topically at
11 or 14 days after emergence was similar to the untreated plants.

With the exception of treatments applied 2 days after emergence, there
was a tendency for the topical applications to delay crop development
to & greater extent than directed treatments.

None of the dicamba applications reduced the grain yleld when

compared to the mean of seven untreated checks.

Method of application

A count of the heads emerged or partially emerged from the boot
one week after dicamba treatments were applied indicated that none of
the treatments delayed head emergence. Although the rates of appli-
cation used were as high as 1.0 1b/A, none of the dicamba treatments

reduced the grain yield (Table XxXxX).



TABLE XXIX
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INFLUENCE OF METHOD AND RATE OF DICAMBA APPLICATION AND CROP GROWTH
STAGE ON THE RATE OF DEVELOPMENT AND YIELD OF SORGHUM

(1) Growth stage ‘
Treatment gt varying days after emergence Yield
rate method crop age 44 48 51 5L (1b/4)

‘ (3}
0.25 topical 2 2.1 3.8 5.1 6.5 L4501 abedefyg
0.5 " 2 2.1 3.4 4.9 6.4 5396 sbedefg
0.25 directed 2 2.3 3.1 4.6 6.1 5211 sbedefg
0.5 " 2 1.6 2.5 b b 5.8 3.24 g
0.25 topical 11 2.1 3.6 .0 6.8 7071 sbicde
0.5 " 11 1.8 2.8 5.3 5.9 3479 efg
0.25 directed 11 2.4 L.k 4.8 6.9 5936 sbcdefg
0.5 " 11 2.5 4.0 5.5 6.9 4927 abedefg
0.25 topiecal 14 2.3 3.5 4,9 6.5 4927 abedefg
0.5 " 14 2.3 3.6 4.8 5.9 4828 abedefg
0.25 directed 14 2.8 A ly 6.3 6.9 6077 abcdefg
0.5 " 1k 2.3 L1 5.6 6.5 6092 gbecdefg
0.25 +topical 20 3.3 L.5 6.1 T.0 5097 abcdefg
0.5 " 20 2.5 4,3 6.4 6.9 6560 abcdefg
0.25 directed 20 2.5 b, b4 5.6 T.0 T157 abed
0.5 " 20 3.1 4,5 5.5 7.0 7455 abed
0.25 topiecal 23 2.9 4,8 5.3 7.0 6716 abedefg
0.5 " 23 2.8 3 5.8 6.8 5936 a@bcdefg
0,25 directed 23 3.1 4.6 5.5 T.1 694k abcdef
0.5 " 23 2.9 bk 5.6 7.0 5538 abcdefg
0.25 topical 30 2.9 4.5 5.9 6.9 L8T0 abedefg
0.5 ¥ Bd 2.5 k.5 6.0 T.2 4629 abedefy
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TABLE XXIX
(Continued)
(1) Growth stage (2)
Treatment at varying days after emergence Yield
rgte method crop age 44 L8 51 54 (1b/A)
| 3)
0.25 directed 30 3.1 4,5 5.8 6.8 6432 abedefg
0.5 " 30 2.6 L.b 5.6 7.0 7384 abed
0.25 topical 38 2.9 bhou 5.6 6.8 4288 pedefg
0.5 " | 38 2.8 L.,9 6.1 T.3 5424 gbcdefg
0.25 directed 38 2.9 4,3 5.8 6.8 7881 ab
0.5 " 38 2.5 4,6 6.0 7.3 7639 abe
0.25 topical by 2.9 4.5 6.0 6.5 3806 defg
0.5 " Ly 2.7 4,2 6.0 6.5 3394 fg
0.25 directed 44 3.1 L4 5.5 7.0 5566 sbedefg
0.0 check - 3.0 L. 5.9 6.9 6511 abedefg
1. Treatment rates are listed as 1b/A active ingredient; crop age is

noted as days after emergence.
Using scale listed on page 2k,

Numbers in the yield column followed by the same letter are not
significantly different at the 0.05 level.



EFFECT OF RATE AND METHOD OF DICAMBA APPLICATION
ON. HEAD -EMERGENCE AND- GRAIN YIELD

TABLE XXX
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Treatment Number of heads per row Yield
rate method 50 days after emergence (1b/A)
(1)
0.125 1b/A topical 20.2 14k
0.5 " " 15.7 1341
1.0 " " 8.3 1503
0.125 " soil only 21.5 1411
0.5 " " 2T.5 1276
1.0 " v 20.0 1599
0.125 " directed 20.2 1333
0.5 " " 27.6 1494
1.0 " " 13.5 1446
0.125 " foliage onl& 20.8 1298
0.5 " " 10.6 1346
0.0 v check 20.1 1276

1. No significant differences at the 0,05 level were found among
means within each column.
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Maturity delay

At 46 days after emergence of the crop, all plots treated at 10 or

16 days after emergence had fewer plants beginning to head than plots
treated at 28 or 42 days after emergence. Plots which received

0.25 1b/A at 42 days after emergence had more heads than untreated
check plots. Two days later the process of head emergence was still
notably delayed in plots which received 0.25 or 0.5 1b/A of dicamba

10 days after emergence. At the initiation of anthesis L9 days after
emergence all plots which received dicamba applications 42 days after
emergence contained more plants in anthesis than the untreated check.,

(Table XXXI).

Effect of irrigation

When applications of dicamba were made at 5 stages of growth to
irrigated and nonirrigated sorghum, no interaction was found to exist
between irrigation practice and herbicide treatment as far as time of
head eﬁérgence or anthesis was concerned. At 4T days after sorghum
emergence neither time of dicamba épplication nor irrigation practice
affected the number of visible ﬁéads, Two days latér it was determined
that irrigation had reduced the nuﬁber of heads in anthesis when
averaged over all dicamba treatments. None of the dicamba treatments
differed from the untreated in the_ﬁumber of heads in anthesis. Plots
which received 0.5 1b/A of dicamba 43 days after emergenée contained
more heads in anthesis than plots which received similar treatments at
25 or 31 days aftér emergence. By 50 days after emergence the only
difference in the number of heads in anthesis was due to irrigation

practice. Irrigated plots had fewer heads in bloom (Table XXXII).
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TABLE XXXT

THE INFLUENCE OF CROP AGﬁ AND RATE OF DICAMBA APPLICATION
ON THE TIME OF HEAD EMERGENCE AND ANTHESIS

(1) (2)

Treatment Visible heads Heads in anthesis
rate crop age 46 days 48 days 49 days
' - (3)

0.125 10 14,0 bed 26,5 abe 32.3 cde
0.25 " 9.8.4 126 12.8 fg
0.5 " ' 2.513 8.6 ¢ 8.5 g
0.125 16 1o.5bg 31.8 ab 27.8 def
0.25 n 10.8 4 | 26,4 abe 26.8 def
0.5 " 9.0 4 22,5 abe 16.8 efg
0.125 28 19.5 abe 38.§ a 10.5 ed
0.25 " 20,8 abe 37.6 a 48.0 be
0.5 " 22.0 abe L2.4 a 48,5 be
0.125 L2 30.8 abe 43.2 a 59.5 ab
0.25 " 36.0 a 45,4 g 67.0 a
0.5 " 3L4.3 ab L5.0 & 58.8 &b
0.125 L6 - bl1.3 & 49,3 be
0.25 " - 37.9 a 38.5 ed
0.5 " - 45.9 g 49.0 be
0.0 check 14.8 Dbed 36.8 a 40.3 cd

1. Treatment rates are listed as 1b/A active ingredient; crop age
is days after emergence. ;

2. Days refers to days after crop emergeuce.

3. Numbers within each column followed by the same letter are not
significantly different at the 0.05 level.
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TABLE XXXII

THE INFLUENCE OF IRRIGATION PRACTICE AND GROWTH STAGE AT THE TIME OF
DICAMBA APPLICATION ON THE TIME OF HEAD EMERGENCE AND ANTHESIS

1 ‘ 2)

Treatment Number of visible heads at 47 days (per row)
rate crop age irrigated nonirrigated mean
(3)

0.125 25 21.1 27.6 24,4 g
0.25 25 23.6 32.1 27.9 a
0.5 25 18.8 | 22,0 20.4 a
0.5 31 24,6 32.9 28.8 a
0.5 39 17.0 30.8 23.9 a
0.5 L1 22.9 26.1 24.5 a
0.5 L3 22.1 30.8 26.4 a
0.0 check 25.9 31.6 28.8 a

Number of blooming heads at 49 days (per row)

0.125 25 ’ 4.9 14,6 9.8 be
0.25 25 5.8 17.3 11.5 abe
0.5 25 - 3.3 10,4 6.8 ¢
0.5 31 4.5 13.8 9.1 be
0.5 39 - 6.4 23,4 15.9 ab
0.5 41 9.0 16°§ 12.9 abe
0.5 ‘43 10.4 24,3 17.3 a
0.0 © check Hé.é 17.8 13.7 abe

Number of blooming heads at 50 days (per row)
0,125 25 20.9 34,1 27.5 &
0.25 25 2009 o ' 33.3 27.1 a

0.5 25 ‘14,1 30.5 22.3 a
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TABLE XXXII

(Continued)
Treatment Number of visible heads at 47 days (per row)
rate crop age irrigated nonirrigated mean

(3)

0.5 31 14,0 31.4 ©22.7 a
0.5 39 20.9 39.9 30.4 a
0.5 L1 25.0 k2,2 33,6 a
0.5 43 26.9 46.6 36.8 a

0.0 check 31.4 43.9 37.6 a

1. Treatment rates listed as 1b/A active ingredient; crop age is
noted as days after emergence.

2. Days = days after emergence.
3. Numbers in the mean column within each date of evaluation followed

by the same letter are not significantly different at the 0.05
level.

Dicamba on male sterile sorghum

Application of dicamba to pollen producing (B line) Redlan sorghum
40 days after planting did not affeét the yield of either the pollen
producing line or the male sterile (A line) which received pollen from
dicamba treated plants. Application of dicamba to the male sterile
line only caused an 80% reduction in yield when compared to the yield
of the male sterile line in plots where neither line received a
dicaemba application. These results indicate that dicamba did not
affect pollen production or viability. "The production of grain on
the dicamba treated pollen producing line indicates that the female

flower organs of the male sterile line only were affected by dicamba.



CHAPTER V

SUMMARY

The susceptibility of grain sorghum to dicamba appears to be
affected by several factors. One major factor which affected the phy-
totoxicity of dicamba to sorghum was whether the sorghum plants were
grown under field conditions or in the greenhouse. Under greenhouse
conditions the susceptibility of sorghum to dicamba was greater than
under field conditions. This difference is exemplified by the fact that
all applications of dicamba in the second greenhouse growth stage
experiment reduced the yield of grain, while dicanba 4id not con-
sistently reduce grain yields in field experiments. "Although dicamba
did not reduce the dry weight of the entire head in the first green-
hiouse growth stage experiment, the mean dry head weight of untrested
plants was considerably lower in the first experiment that in the
second experiment of this group. The difference between the two green-
house growth stage experiments was that the first one was conducted
during the fall and early winter months and the second was conducted
during the spring. Thus the first experiment was subjected to con-
tinuously decreasing natural light intensity while light intensity was
increasing as the plants matured in the second greenhouse growth stage
experiment.

In other greenhouse experiments, applications of dicamba to the

soil resulted in more sorghum injury than applications to the foliage.

67
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Foliar dicamba applications did not affect the use of water or vegeta~
tive growth of plants in the water usage experiments, while applica-
tions of an equal rate of dicambz to the soil only severely injured the
treated plants. In the dicamba uptake experiment, application of

0.5 1b/A dicamba to the soil only reduced the grain yield similarly to
application of 0.5 1b/A of dicamba topically to both the foliage and
soil. Although the area of plant exposure to dicamba is less when
dicamba is placed in the soll only, there is an indication that dicamba
uptake is more rapid through the roots than through the foliage. In
the dicamba uptake experiment soil applications of dicamba produced
chlorosis of the lower leaves within seven days after application.
Topical applications at the same rate did not produce leaf chlorosis.
Apparently the more rapid uptake of dicamba fromlthe goill resulted in
a concentration in the leaves sufficient to cause chlorosis, while

such a concentration did not cccur following topical applications.

No definite correlation between crop growth stage at the time of
dicamba spplication and yield reduction could be determined from these
studies. Yield reductions in field experiments were noted to occur
following dicamba gpplications from 23 days after emergence through the
early boot stage. In each instance vhere yield reductions did occur
the highest rate of dicamba produced the most severe yield reductions
while the lowest rate produced the least crop damage.

In the sorghum variety experiment, all of the seven varieties were
injured by dicamba. However, there were varietal differences in the
number of dicamba treated plants which produced heads and bloomed.
Pioneer 886 produced heads which bloomed on all of the dicamba treated

plants. Wheatland, NX 222 g and OK61l2 produced heads on only one~half
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of the treated plants. It is noteworthy that Wheatland is a 2,4-D
susceptible variety and that 0K612 is a hybrid produced from Whestland
and OKY 8., This would seem to indicate that under conditions less
severe than those in the greenhouse, varietal differences could exist
with respect to dlcamba susceptibility.

Dicamba was found to modify the growth of sorghum in several ways.
Both preemergence and postemergence dicamba applicetions reduced the
amount of water used by sorghum plants. The reduction in water use
resulting from preemergence applications may have been a reflection of
the inhibition of root growth caused by dicamba.

The effects of dicamba on grain yield were exhibited as twe
distinet types of head damage. The first type of damage cccurs to the
head prior to the time of heading, and is readily visible abt anthesis.
This type of damage appears as chlorotic undeveloped florets whieh
fail to bloom. This type of damage was responsible for the yield re-
ductions in the first and third late growth stage experiments. The
other type of damage occurs after anthesis. This type of damage results
in the preduction of small, undeveloped, dark coclored grain. This type
of damage was noted in several greenhouse experiments, and on dicamba
treated male sterile sorghum in the field. Damage of this type has
also been reported by farmers who treated their grain sorghuw with
dicamba.

Dicamba applications may delay the time of heading or anthesis of
sorghum if applications are made before the crop is approximately 20
deys old. In addition dicamba has been shown to reduce the elongation
of the peduncle, while no effect on the length of the head itself was

found. This would suggest that dicambe interferes with the development
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of the peduncle and that grain yield reductions would result from
failure of the peduncle to develop properly. It was noted in several
experiments that reductions in grain yield were accompanied by inecreased
growth of suckers. This increase in sucker growth cbvicusly results
from modification of the distributicn pattern of plant food reserves.
Such a madifieatidn in the direction of photosynthate transport could
result from failure of the phloem tissue in the peduncle to funecticn

at full capacity or from loss of apical dominance.

Yield reductions were noted on dicamba treazted male sterile
sorghum which received pollien from untreated plants. This would indi~-
cate that the effect of dicamba in reducing yield was exhibited through
the female part of the flower. The small, shriveled appearance of the
grain from the dicamba treated plants indicates that the development
of the entire pistil was interrupted after the grain started to develop.
Whether the development was interrupted by accumulation of dicawbe in
the head, such as that which cccurred in the study with 1hC~dicamba,
or by fTailure of the peduncle vascular tissue to function properly is

a question which deserves further study.
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RAINFALL DATA -~ PERKINS, OKLAHOMA

~APPENDIX -

TABLE XXXIII

© Jad

June 1 - Wovember 20,1967

Date -~ Inches Date Inches Date Inches
June 2 0.05 July 19 0.15 Sept. 6 0.56
June 10 0.95 July 22 0.18 Sept. .7 0.05
June 11 1.34 July 25 0.02 Sept. 14 0.05
June 12 0.05 July 26 0.02 Sept. 15 0.88
June 17 0.20 July 27 0.08 Sept. 20 0.20
June 23 0.32 July 28 trace Sept. 21 0.43
June 24 0.12 July 29 0.16 Sept. 27 1.38
June 25 3.50 Aug. 3 0.54 Oct. 6 0.04
June 26 0.06 Aug. L 0.32 .Oct. T 1.20
June 29 0.03 Aug. 18 0.71 Oct. 8 0.32
July 3 0.03 Aug., 22 0.47 Oct. 11 0.02
July 4 0.15 Aug. 23 0.06 Oct., 12 0.04
July 5 0.06 Aug. 27 0.0k Oct. 13 0.37
July lé, 0.0k Auvg. 31 0.03 Oct. 30 0.43
July 13 0.04 Sept. 3 0.40 Oct. 31 0.47
July 16 0.18 Sept. 4 1.03 Nov. 1  0.08
July 17 0.18 Sept. 5 0.4l Nov. 3 0.41

5



RAINFALL DATA - STILLWATER, OKLAHOMA
June 1 - November 20, 1967

TABLE XXXIV

76

Date Inches Date Inches Date Inches
June 1 0,11 July 18 0.07 Sept. 5 0.18
June 10 0.27 July 19 0.05 Sept. 6 0.62
June 11 0.53 July 25 3.32 Sept . 14 0.84
June 12 0.19 July 28 0.23 Sept. 20 0.78
June 16 0,44 Aug., 3 0.63 Sept. 21 0.32
June 20 0.0k Aug. 19 0.03 Sept. 27 0.82
June 23 0.4k Aug. 22 0.56 Oct, T 1.50
June 25 1.65 Aug. 29 0,04 Oct., 11 0.03
June 29 0.26 fug. 31 0.02 Oct. 15 0.46
July 5 .09 Sept, 2 0.22 Oct. *30  0.35
July 12 0.46 Sept. 3 0.T5 Oct. 31 0.34
July 16 0,37 Sept. 4 0.07 Nov. 3 0.39




TABLE X0

RATHIALL DATE -

PERETNS , ORILAHOMA

7

June 1 - November 20, 1968

Date Inches Date Inches Date Inches
June 1 0,31 Aug. 11 0.06 Sept. 22 0.10
June & 0.06 Aug. 13 0.60 Sept. 23 1.43
June 15 0.09 Aug. 15 0.16 Oct., 5 1.07
June 16 0.48 Aug. 17 0.30 Oct. 9 0.40
June 24 0.03 Aug. 29 0.03 Oct. 16 0,40
June 25 0.82 Aug. 30 0.58 Nov, 2 1.42
July 1k 0.67 Sept. & 0.45 Nov. 10 0.31
July 18 0.15 Sept. 15 0.03 Nov., 15 1.37
Aug. 10 10008




RATNFALL DATE - STILLWATER, OKLAHOMA
June 1 - November 20, 1968

TABLE

KEXVI

g
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Date Inches Date Inches Date Inches
June 1 0.1k Aug. 14 0.03 Sept. 24 0.63
June 15 0.25 Aug, 15 0.07 Oct. 5 1.08
June 16 1.46 Aug. 17 0.71 Oct. 9  0.85
June 25 1.27 Aug. 24 0.05 Oct. 16 0.80
July 14 0.62 Sept. 4 0.31 Nov. 2 1.31
July 15 0.27 Sept. 15 0,01 Nov. 3 0.38
July 18 0.81 Sept. 21 0,08 Nov. 10 0.23
Aug. 11 0.10 Sept. 22 0.70 Nov. 15 1.19
Aug. 13 0.03 Sept. 23 0.15
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