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— WEZD CONTROL IN ZEA MAYS L

Field expsriments were conducted for two years in two locstions
to investigate the use of atrazine, airszine combinstions; and other
chemicals for woed control in forage corn.

‘No advantzgs was gainsd in 1968 by adding MCPA, Buctril M, or
Banvel 3 to thres ratez of abtrazinz, Post-smergence atrazine slone

roduced forage yislds which were as high as any treatmsnt combination,

In 1969, no chemical in cewbination with 1 pound strazine gave’as
satisfactory weed control and silags yield as did 2 pounds of atrazine
alons, However, several combinations with 1 pound atrazins/scrs epplied
pra=smergenczs tendsd to yield mors corn dry mattor than did ths pre-
emsrgones trestment of atrazins alone at 1 pound, Preaémargenca appli~-
cation of atrazins at Glenlea and post-emergence application of éﬁf&éine
at Portage la Prairis rssultsd in ths highest stover yields, Tresat-~
ments not including atrazine gave poor wesd control and low forage
yields.

When alrazine was applied post-smergence at 1 and 2 pounds psr acrs,
residues could be detectsd in the soil at the 0=2, 2=4, and 46 inch
levels, using an oat bioassay,

Bioassay resulis suggestsed that if 1 pound of atrazins per acre was
epplied in a 12=inch bsnd (36=inch row spacing), thorough mixing of ths
uppsr 2 inches of soil was sufficient to grow cats, Similar banding of

2 pounds of atrazine per acre required thorough mixing of ths upper 6




inches of soll to grow ocats, When en overall application of eithsy 1
or 2 pounds atrazine psyr scre was mads, thorough mixing of the upper 6

inches of soll was not sufficient to grow cats.
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Weed Control in Zea mays L.

Introduction

Grein and silage, Zea mays L,, production in Manitobs has £luce
tusted greatly in the past 4 decades, From a high of 100,000 acres of
grain corn in 1942, production has dropped to an averags of 1,200 acres
during the past 10 years. Silags corn production psaked in 1940 with
74,000 acres and has remained rslatively steble during the past decads
with an averags of 3%,300 acres,

The Manitoba Corn Committes has estimated a potential demand of

100,000 acrss in 1970, According io this conmittos, the major limiting
factor in corn production in Manitobs iz inadequate waed control,

Cultivation procedurss and chemicels used pricr to the introduction
of atrazine have given inconsistent weed eontrol in corn,

Atrazine has given good wsed control without injury to corn, Atra-
zine, howsver, undsr Manitobsa conditions, persists in the soil, on ccca-
sion causing severs damsge in susesptible crops grown the following ?@ar.

Expsriments were conducted to £ind a chemical or chemical come
bination which wonld provide adeguste wesed conmtrol end eliminats the
residue problem, Bloassays were conducted to determine the presence of

atrazines resgidues in the soil,




Literatura Review

Intreduction

Weods compoats with corn for watsr, mutrients, &nd light. Bunting
and Ludwig (1964) showed that this compotition was mest severe during
the first 2<% wocks after emergence of the corn, They showed thet in
a dry year compstition for water was the most limiting factor, espe-
clally when wesds woere not cantroli&d@ These resulis wsro substantiated
by Staniforth (1969) who reported that green and yellow foxteil reduced
yields of corn and sorghum by compsting for moisturs during July end
August. Competition was mest sovere at crop densities giving optinun
yields under woed=fras conditions. Feltnor, et al. (1969) showed that
yollow foxtail compsted with sorghum for soll nitrogen. The competitive
influence of yollow foxtall increased with inersasing rates of supplo=
mentel nitrogen,

In terms of zetusl yield reductions, Buchholtz and Dosrsch (1988)
showed that weed growth roducsd corn ylelds an average of 1.23 bushels/
acref/100 pounds of dry woads,

Efficiont woed control is essential for successful corn producticn
in Manitobe., Helgason and Clark (1968) svggest wesds can reduce yields
rora than any othsr singls factor over which the feymor has control,

Cultural Control and Esrly Chenmicals

Cultivation has long besn & common mesns of weed control in corn,
with varying degreos of success. Helgason and Clark (1948) suggest the
use of a rotsry hos, splke-tooth harrow, and finger wesdor ﬁntil the
corn is 6 inches tell, and the uss of & row cultivstor after this stage

and untll the corn reachss a height of 20 inchss, Cultivstion after




thet time will cut off fesder roots, lsading to lodging later in the sea-
son, and favoring the entrance of stalk-rotting organisms from the soll,

Jith the advent of 2,4-D and othsr chemiesls, producers were en=
couraged by possibilities of overall weed control. Two,l=D and MCPA wors
extensively used in the early years of chemieal controls F, W, Slife
(196%) roported on the extensive uss of 2,4-D in wesed control in corn,
Two,4=D was espacially effective bacauss corn was tolerant to this chemi-
cal in its early growth stages. Helgason and Clark (1968) statsd that
2,4=D and MCPA did not control grassss. As & resuli, grassy weeds flou-
rished, They recommended Banvel 3 for contrel of hard-to=kill brosdlesf
weods and Avadex for wild ost control.

Iinuron at & pounds/acre spplied as & directed spray in a 12-inch
band when the corn wes 1218 inches ta2ll geve good weed control without
injury to the corn (A, J. McNeur, 1964), Vengris (1966) indicated that
linvron at 1.5 pounds/acre gave good overall post-cmergence conbrol, but
damaged corn, He also statsd that speclel eguipmsnt is necessary for
post-cmergence dirscted application to prevent corn injury.

Simazine and Atrazine as Corn Herbicides

The intrcduction of simszins end atreszine in the late fifties and
early sixties appsared to give the fermor the enswer for totel weed con-
trol in corm. |

Siveji and Rao (1965) indicaled that pre-emergence atrszine at 4-8
poﬁnds/&cra and simazine at 6-8 pounds/acre controlled brosdleaf wesds
and grasses while 2 pounds of either compound was sufficlent to control

the brozdleaf wosds., More simazine than etrazine was requirsed to obtain




éguivélenﬁ grazs comtrol,

At lower rates, Sharma, ot al. (1965) found simzzins controlled
amual wesds effectively, Higher rates, howsver, damagsd corne

Shear (1961) concluded thst simazine and atrasine at similar rates
gave higher corn ylelds than hoeing treatmente, Only atrazine, howsver,
gave season-long control of weeds,

Simazine showed good selectivity, but the resulis were not consise
tent, primaxrily due to its toxlcity decreasing when soil moisture lsvels
were roduced (Grover, 1966).

Staniforth and Lovely (1964) demonstrated that bend epplications
of atrazins were equally effective to timely shallow cultivations in
snnual weed control. They showed that the increased yieid of corn more
than offset the cost of the applied atrazins, Compaved to eitwazine, they
found the isococtyl ester of 2,4-D unsatisfactory,.

Many workers (Shsar, Buchholtz, Coursen, Hiresly, giréée) have showm
atrazine to be effective by ltself, proving that corn production was pose
sible through the use cof abrazins. Woeed contrel has varied from satis-
factory to excellent, and corn ylslds have baen high, The corn itsels
rarely showed phytotexic effects. Both broasdleal and grassy weeds have
been satisfeclorily centrolled with atrazins,

Shear (1961) epplied atrazi:: at retes of 2-4 poundsfacre and found
that treated plots remainsd nearly wesd-fres for ths entire scason,
Stover yields wsrse up to 32% higher on plots with no fillag@,

Buchholts (1963) found that atrezine was offective in controlling

quackgrass (Agropyron xapsns L.), thus improving corn ylslds, 4 rats of

2 poundsfacrs was generally sufficlent te obtain satisfactory resulls,




Ho found the earliest treatments applied to undisturbed soil were most
effective,

Courson (1965) found no differsnces in corn yields‘batwasn econtrol
achleved by atrazine and conventlional tillage., He demonstrated excele
lent control with 3 pounds atrasine/scre when at least 3/h<inch vain
fell within 15 dasys after treatment.

Hinesly, et al. (1967) compared etrazine with cultivation for wsed
control in corn, They found atrazine effective 20 timss oul of 21 trials.
In these cases, atrazine wes at least as good or baiter than cultivation
in control of weeds, On soils with good tilth they suggested that thero
was no advantage to additionsl cultivetion while on soils that tendsd
to crust a combinstion of atrazine and cultivation might provs to bs
effective in increasing corn yields,

Not all weed control exporiments with atrazine have had positive
rosults, Stephens (1962) found no apparent rsducticn in wesd growth
through ths use of atrazine, However, & lack of sufficient soll mois-
ture was blemed for this failure of atrazine activation.

Application Metheds for Atrazine

Atrazine has given effective wesd contrel in eithsr pro-or post=
smorgence applications,

Vengris (1963) found pro-emergence atrazine at 1 pound/acre gave
good waed control for 3-4 wesks afler sowing, This rate wasg economical
as subssquent weed growth didn®t reduce yields, Howsver, he also in-
dicated that post-smergence applications wers egual to pre-smergence
troatmnents when woed seedlings wore less than 1 inch tell,

Bunting and Imdwig (1964) reported that atrazine completely pre-

L4




6
vented weed growth when applied before emergence of the corn, Alley and
Chamberlain (1964) slso shewsd that atrezine at 1 and 2 poundsfecre gave
complete control of all weeds when applied to soil prior to emsrgsncs,

Knake, et al. (1965) rsported that corn ylelds with row cultivaﬁion
aﬁdeith breadeest pre-smsrgence atrazins wers glmost ldentical on a
vide varlely of soil {ypss over & 3-=ysar poried,

McNour (1964) claimed that atrazine at 6-8 poundsfacrs applied in
12-inch bards slong the row gave gocd controel of hard-to-kill barnyard

grass (Echinochles crusgelli (L.) Beauv,) when spplied to grass 1-2

inches in height. The corn was net injursd at this high rate ard the
residual action of ths herbicide killed later emerging weeds, MelNeur
alsc steted that thess ratss would daméga succeeding crops.

When applied postuemergence atrazing is gensrally combinsd with o
non=horbicidal oil which is added to the spray mixture resulting in a
mors rapid weed kill (Jones and Andevson, 1964), Jones and Anderson
(1964) slso indicated that the oil mixtures gave beiier w@aa centrol at
later stages of growth and with less herbicids then when water slons
was used,

Atrazine Residues

Atrazine degrades slowly, 2llowing residuss to remain in the seoil
for extended pariods (Fink and Flstchall, Birk and Roadhouse, Peters,
Frank, McGlamsry and Slife).

Fink and Fletchall (1963) showsd that 9 forsge speciss were affected
by residnes éf atrazine, Rates of 2-4 poundsfacre affected all crops

whersas 1 pound did not affect tall fescue (Festucs elatior L.) and

Korean lespedeza (lespedeza stipulsces Maxim,), Of the crops tested




tall fescuo was most resistant and tinothy (Phleum protsnss L.) most

susceptibls,

In later work, Fink and Flstchall (1969) reportsd thaﬁ‘tOp growth
of soybeans was not affected by 5 pounds/acre or less of atrazine, but
bean yilelds w&re‘reducedq After 2 years of treatment with 2,5 and 5
pounds atrazine/acre, substentisl reductions in yisld of soybsan forage
occuryred,

Poters (1966) reported that there was no injury to alfalfa

- (Msdicago setiva L.) and/or oats (Avens sativa L.) where troatment was

Jimited to 2 pounds atrazine applisd pre-emergence, Where this rats was
supplemented in 2 successive corn crops by use of 2 pounds befors
ploughing, (6 pounds in'totel), both'cats and. alfalfe wors injured, The
use of elthord pounds pre~cmergence b4 pounds before plenghing geve:ine
Jury to alfslfs and ocats after only s single applicaticn,

Frank (1966) reported on atrazine residues and thelr offect on sube-
soquent sugar baet crops, He found that damage to bsets and loss of
yield was correlated with the tins, ﬁhe rate, and the methed of applica-
tion, as well as the time of ploughing betwsen the corn and sugar best
Crop. Pre-emergence eirazine at 1.5 pounds caused no injury, but 2
pounds éaused appreciable damage. Ploughing in autumn reduced pro-
emorgence damage, but did not affect post-cmergence troatments, With
post-omergence banding, there was damage at 2 pounds, but not at 1.5
pounds/acre, When bests wore the second crop after atrazine treatment,
injury was correlated with rate alons, After 2 successive years of
atrozine, dawage resulted even from 1.5 pounds banded, Granular for-

rulations psrsisted longer than wettable powders,




Soils with high organic matter and/or high clay content tend %o
sdsorb atrazins, McGlemery and Slife (1966) showed that adsorption of
atrazine on soil increassd as pH decraased; but that adsorpition was
affectod only slightly by tempereture and concentration, Degorption
of atreszine was greater with increasing temperature and pH, Adsorp%i@n
was reversible and desorplion was nsarly complete, Adsorption on the
humic acld inereazed as temperature incroased and pH decvsassd. Thoy
found little desorption of atrazine from the humie acid,

-Birk and Roadhouse (196%4) showed that at ths end of ths first
growing season 90% of the residusl atrazine was present in the 0-2 inch
layer. Covrson (1965) indicated that most atrasine residuss wers cone
contrated in the top 6 inches of soil in the first year and wsre at non-
phytotoxic levsls the following year. He suggested that banding the
chemical as wsll as using proper crop rotations may give less residusl
damage,

Shimebukuro and Linck (1967) found that cats wero espscially son-
sitive to atrazins rosidue damege, This sensitivity accounts for the
uss of oats as a blozssay plant fer airagine residues,

Atrazine in Combination with Othsy Horbicidss

Atrazine has froguently been combined with other chemicals in an
attempt to achieve a broader spsotrum of waed control at low rates of
atrazine as wall as to reduce residus problsus,

Triplett (1966) indicated that no on® chomical was satisfactory
for &ll wssds in corn, thus making combinalions nocossary; the parti-
cular combination depending upon the wesd growth in the crop, He come

bined atrazine with 2,4-D, amitrole, picloran, paraguat, dicamba, and




dalapon, thereby achisving broader control,
Colby and Harris (1966) obtainsd good wesd control with & come

bination of atrazine and promstryme,




Metheds and Materlals

Field trials wers conducted in 1968 and 1969 at the Glenlez Re-
search Farm, Faculty of Agriculture, Univsrsity of Manitoba (Glenlea)
and at the Elm River Raessarch Farm neay Portsge la Praivie (Portsge).

The corn hybrid, Morden 67, was seeded in both locations in 1968
and at Portage in 1969, Northrup Kirng KN2 was seeded at Glenles in
1969. The corn was plented at an avarageld@pth of 1=2 inches and at
a population of 20,000 to 24,000 planits/acrs,

The chemicals spplied in 1968 in both locations are listed in

Teble 1, All applicalions were post-emergence,

Table 1, Applications st Glenles and Portage (1968),

Herbicide ' Rate
Atrazine » 0 (Weedy check)
Atrazine 4 pound
Atrazine 1 pound
Atrezins 2 pounds
Atrazine 4 Buctril M 0 (Wesdy check)
Atrazine + Buctzil M 4 pound + % pound
Atrazine + Buctril M 1 pound + % pound
Atrazine + Buctril M 2 pounds + ¥ pound
“Atrazine + MOPA 0 (Wesdy check)
Atragine + MCPA % pound + % powrd
Atrezine + MCPA 1 pound + % pound
Atrazine + MCPA 2 pounds + + pound
Atrazine + Banvel 3 0 (Weedy check)
Atrazine + Banvel 3 , 4 pound + % pound
Atrazine + Banvel 3 1 pound + % pound
Atrazine + Banvel 3 2 pounds + % pound
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The experimental design was 2 modified complets block using &

blocks and 8 replicaticns (Figurs 1),

Figure 1. Diagrem of 2 replications used in 1968 chemtcal tri&lsl,

Atrazine (A)2 A + MCPA A 4+ Bictril M A 4 Banvel 3
$ 1 2 o $ 1 2 ch 4 1 2 ch + 1 2 cn
A 4 Buctril M A + Banvel 3 A 4+ MCPA A
£ 1 2 ¢ch & 1 2 ch 4 1 2 ch £ 1 2 cn

lNumbars in plots rofer 1o pounds of atrazing,
P

ZA refers to atrazine and Ch to weaedy checks,

In 1969, the exporinsntal design was & randemdzed conplete block
with &4 replications, Table 2 lists traatm@nts‘in both locations, the
last 5 of which wors not applied at Portage,

All chemicals wore tenk-mixed at the site at a total spray volume
of 19 gallons/acrs, A bicycle-whesl sprayer was used in all trials with
a pressurs of 35 pouhds/square inch, Modified corn oil {(product of Shell
Canada) was applied at 1.5 gallonsfacre in all post=emeygance‘atrazina
treatments, Table 2 of the appendix indicates wind speed and dirsction
in eaéh exporiment, Corn height at time of post=smergence spraying was

3=5 inches while woeds ranged from 0-3 inches,




Teble 2, Applications at Glenlea and Portage (1969)%,

Trestment Rate Application Code
Atrazine 2 pounds Pro-omsrge  A-2f pro<B
Atragine 1 pound Pre=ecumerge A<l pro<k
Atrazine 2 pounds Post-ecmorge A=27 post=E
Atresine 1 pound Post-cmorge A-1# post-E
Sutan 3.3 pints Pre=plant  Sutan=3,3 pints
Sutan k.5 pints Pre=plant Suten<l.5 pints
Atraziné + Sutan 1 pound + 3.3 pints Prae-plant A 4+ Sutan-3,3 pints
Londax 7.5 pounds actuel Pro-emorge Londax=7.5#
Londax 10 pounds actual Pre-emsrge  Londax-10#
Atrazine + Prometyryne 1 pound + 1 pound Pro-smorge A + Promstzyns<lf
Linuron 1.5 pounds Pre=smorvge  Linuvon-l,5#

Atrasine + Linuron
Atragine 4+ Linurzon
Banvel D

Atrazing + Banvel D

Atrazine + Lasso
Ramrod

Ramrod

Atrazine + Ramrod
Weeded check
Weedy check

Banvel D

Atrazins 4 Banvel 3
Banvél D + Ramrod

Anatryne
Anetryns

1 pound + 1 pound Pre-cmorge
1 pound + 1.5 pounds Pre-emorge
1.5 pounds Pro=cnsrge

1 pound + 0.5 pounds Pre-zmorge

2 pounds Prg-cmerge
3 pounds Pre-cusrge
1 pound + 2 ﬁ@unds Pre-smorge
L pounds Fre-cmerge
6 pourds Pra=snorge
1 pound + 3 pourds Pre-cmorge
1 pound Pro-¢norge

1 pound + 0.5 pounds Pro-cuorge
0.5 pounds + 3 pounds Pre-ecmerge
1 pound Prg-gmsrge

2 poursls Pre-amerge

A 4+ Linvron<lf
A 4+ Linuron=1,5%
Benvel D=0, 5

A % Banvel D0, 5#

A 4 Logso-2fF
Remrod=4f
Ramrod=6

4 + Ramved-=3#
Wezded check
Wéedy'ch@ck

Banvel D-31i

A + Banvel 3~0,5#

Banvel Dmogg# +
Ramrod=35F

Anatryno=1#

Anotryne=24

lChemiQal names in Table 1 of appendix.




Visual observations of the effect of the chenlcsls were made,
These were rated on & 0-10 scale, 0 being no control end 10 reprasenting
. *
completo kill,
Harvesting consisted of weighing fresh materisl cut from & 60
squere fool arca in 1968 end from & 120 squavs foot eroz in 1969. Re-
presentative samples from each plot wers taken for dry rmtier analysis,
The scil at the Glenlea site had a 70% c¢lay fraction and 2,5% organiec

matter while similar figurves for the Portage location were 41€ and 5.1%

i

respectively.

Analysis of Data

Only differences significent at the 5% level of probability wore

considered meaningful in a2ll exporiments.

Expepiment I. Atrezine alens and in combination with MCPA, Bucteil M,

and Banvsl 3 for weed control in corn at Glenles (1968),
The corn was planted on May 24 and fertilizer was side=banded at
& rats of 75 ﬁounﬂs 11-%48-0 and 156 pounds 33,5-0-0/acre as the corn
was emerging. |
Weeds pressnt at the site included:

1) Wild mustard ~ Sinspis srvensis L,

2) Red-root pigwesd Amaranthus retroflexus L.

[}

Polygonum convolvulus I,

3) Wild buckwheat

L) Great rogweed - Ambrogis irifida L,
5) Barnyard grass = BEchinochloa eruzzalli (L.) Basauv,
6) Wild osts = Avena fatua L.

*Fuller description of visual ratings given in Table 21 of Appendix,




Visnal ratings of wsed control were made on August 7 and 22,

Corn stover was harvested on Ssptember 11,
P

Bxperdmont IX, Atrazins slone end in combinztion with MCPA, Buctril M,

and Bsnvel 3 for wssd control in corn at Portage (1968),
Dus to cutworm destructisn of an earlier crop, corn was scodsd on
June 18, Tho fertilizing program consisted of broadcasting 100 pounds
33.5-0=0 bofore sesding and sidebanding 200 pounds 23-23-0 with the saesd,
Weeds present in the srea oceupisd by this exporiment included the
following:

1) Red-root pigweed - Awsranthus rotroflemas L,

2) wild buckwheat = Polvgonum convolvulns L,

3) Lambsquarters <= Chenopodiun albun L,

L) Wild sustard = Simapis arvensis L.

'5) Stinkweed = Thlaspi arvenss L,

6) Gresn foxbtail -~ Setaris viridis (L.) Beauv,

8

7) Barnyard grass Echinochles ervszalli (L, ) Beauv,

Visusl ratings of weed control were made on 3 occaslonss July 22,

oo

August 7, and August 22. Corn forage was harvestsd on Septesbsr 12,

Expariment ITT, Atrazine and other chsmicals alone and in combination

for wsed control in corn at Glenlez (1969).

Sesding date of the corn was May 27, 2 days after the pro-plant
incorporated Sutan trestments wers applied, No fertiliszer was applied
in this test evea,

Predominant woeds pressnt weres
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1) Wild oats - Avena fatus L,

2) Wild mustazd - .Sinapis arvensis L,

3) Gresn foxtail - Setaria viridis (L.) Besauv.

L) Barnyard grass = Echinochlos crusgslli (L,) Beauv,

Observations of the following weeds wore also mades

5) Iewbsquarters - Chenopediug album L,

6) Red goosafoot = Chonopodiwa rubrm L.

7) Oak-lsaved goossfoot Chenopodium glavecum L.

8) Hemp netile -~ Galsopsis Tetrahit L.

9) Prostrate pligwssd = Awaranthus grascizans I,
p

10) Red-root pigwesd = Amsranthus retvoflexus L,
11) Wild buckwhsat ~ Polyponum convolvulus L,

12) Narrow=-leaved dock - Rumsx mexicanus Meisn,

13) Yellow marsh cress = Roripps islsndica (Ooder) Borbas

Visual observations of weed control were made on July 17 and August
11. Corn plant heights were rscordsd on August 26, Prior to harvesting,
the number of ears/plant and their langths were recorded (Appendix-
Table 3).

The corn stover was harvested on Ssptembsr 11 and 12,

Exporiment IV, Atrazins and other chemicals alons and in combination

for weed control in corn at Portage (1969),
Corn was seeded on May 28, Fertilizer was sidsbanded at a rate of
250 pounds 23=23-0facre,

The predominant weosds present wera:s




1) Tame mustasd - Sinapis alba L,
2) Wild oats - Avens fatus L,
3) Green foxtail = Setaria viridis (L,) Dsauv,

‘The following woeds ware also noted:

k) Wild mustard - Singvis arvonsis L.
5) Lambsquarters ~ Chenopedium album L,
6) Red-root pigwsed = Amavanthus rsiroflesus L,
7) Wild buckwhea{ = Polyeonum convolvelug I,

Corn plant heights were recorded on August 26, Onz wezk prior to

a1

3 their lengths

el

harvest & record was made of the numbsr of earsfplant
(Appendix=Table &),

Harvesting dats for the corn stover was Septesbor 11,

Experimont V. Grsenhouse biozssay for atrazine residuec:z,

Soil samples were tsken from the Portage sits on S@pﬁ@mbsr 18, 1949,
at 3 depthst 0-2 inches, 2-4 inches, and 4=6 inches, %he 3 treatments
represented were:

1) Hand-wezeded chock.

2) Atrazine at 1 pound/acre post-emergencs with oil (A-1# post-E),

3) Atrazine at 2 pounds/acre posi-emergence with ¢il (A=2# post-E),
The soil was dried at 55°C for 72 hours,

The experiment was sot up in ths gresnhouss in & completely rendonm
design, Plastic pots were filled to a depth of 5 inchss swith soil from
the respsctive plots. Fifteen sseds of Hazrmon cats were sssded in éach
pot. Fols were watered whensver soll digplsysd a cracksd surface, Four

replications were used, ILight intensity was 750 foot-candles, the
P g 2
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tom syature ranged from 68 F {o ?2 Iy and a .1.69}10112" light oriod was
p (=3 g p
usad,

An exsmination of ost plants was made 3 wesks afior sosding,
3

The ozt plants wore harvested 4 wesks after sssding and dry woights

wore recorded,

Exporiment VI, Growth chamber bicasssy for atrazine residuss.

This expsriment was st up in & growth chember., The dogign was
the same as in Experiment V, Iight intensity, however, was 2500 foot-
candles in this location, and the tempovature ronged from 60°Flduring
tha night to 70°F during the day. The light peried was 16 hours/day,

An examination of oat plants was mede 3 wesks after sesding,

The oat plants wore harvested 4 wosks after sseding and dry welghts

were recordsd,

Bxporiment VII, Growth chamber bioassay for atrazine residues in mixed
soils and atrazine=diluted soils,
The sams growth chasber and conditions wore usad as in Experiment
VI.
The following treaiments were established:
1) 0-6 inch check (Ch=6"), Equal weights from all 3 lovels
(0-2", 2-4", and 4-6") wore used,
2) Intensive cultivation (mixing) to 6-inch depth; again egual
weights of soll from 21l 3 lesvels were usad, |
a) Atrazine - 1 pound (Al-6"-C where C is "eultivated®),

b) Atrazine - 2 pounds (A2-5"<C),




3)

i8

Treated and untrested soil was rixed in a 1:2 wvatio to 6
inches to simulate banding,
a) Atrazine - 1 pound (A1-6"-B whero B is “banded”),

b) Atrazine - 2 pounds (42-6%-B),

The remaining 4 groups of treatments involved using soil from suce

cessively lesser depths than the first 3 groups of trestments, thus simu=

lating shallow field tillags,

4)

5)

6)

7)

O-<lt inch overall epplication,
a) Atrazine = 1 pound (Al-4"-C),
b) Atrazine = 2 pounds (A2-4"<C),

0<% inch depth, 1:2 mixing of treatsd and untvested soil,

‘a) Atrazins = 1 pound (Al-l<B),

b) Atrazine - 2 pounds (42-4"-B),

0-2 inch overall application,

2) Atrazine = 1 pound (Al-2"-C),

b) Atrazine - 2 pounds (A2-27-C),

0-2 inch depth, 1:2 mixing of treated and untreated soil,
a) Atrazine - 1 pound (Al-2"-B),

b) Atrazine = 2 pounds (AZ-2"-B),

Four replications of pois were sst up in a completsly rendom design,

The oat plants were again exsminsd at the 3-week stsge, Fresh

weights were taken U4 weoks afier sesding and dry weights wore detsr-
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Results snd Discussion

Fxporiment I, Atrazine alone and in cowbination with MCPA, Buctzril M,

and Banvel 3 for weed control in corn at Glenlea (1968),
Visual observations of the degres of weed control for both broszd-

leaf and grassy woeds ars gilven in Table 3,

Table 3, Degres of wesd control in 1968 Glenlea trial,

Treatmont Broadleafl Grassy

Block Pounds of Atrazins Weeds Wesds
Atrazine 0 (Chsck) 0 0
3 , 0.5 | 0
1l 3.0 1.0
2 6.5 3.5
Atrazine +
Buctril M 0 0 0
i 8.0 1.0
1 3.0 2,0
2 9.5 6,0
Atrazine +
NMCPA 0 0 0
3 5.5 0
1 7:5 1.5
2 9.0 b5
trazine +
Banvel 3 0 0 0
3 7.5 1.5
1 8¢5 3¢5
2 9.5 b5
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The ratings indicate that no treatment gave satisfactory control
of grassy weeds. Buctril M, MéPA, and Banvel 3 in combination with
atrazine (1 and 2 pounds/acre) gave satisfactory to very good control
of broadlsaf wseds, Plates 1 and 2 show 2 representative treatments,
& weedy check and ths combination of Buctril M and 2 pounds atrazine,
Buctril M and Banvel 3 in association with { pound of atrazins gave

good control of broadlesf weeds whersas MCPA with £ pound atrazine did

not give good broadleaf control,

Plate 1, Weedy check Plate 2, Buctril M +
2 pounds atrazine

Mean stover ylelds are rocorded in Table L, Dry matter contents

are listed in Table 5 of the appendix,



Table 4, Average corn stover yislds in Glenlsa chemical trial - 1959,

Treatmsnt Fresh Welights Dry Weight
Block Pounds of Atrazins (tons/acze) (tensfacre) -
Atrazine 0 | 6,81 1,49
% 9031 1,99
1 11,77 2.24
2 14,77 2,74
Atrazine + '
Buctril M 0o 7029 1,21
1 8,80 1.75
1l 11,02 2,16
2 14.80 2.91
Atrazine +
¥MCPA 0 7.22 1.41
3 11,60 2,18
1 12,36 2,37
2 14,09 2,89
Atrazine +
Banvel 3 0 7.86 1.32
i 12,18 , 2,20
1 13,14 2,48
2 14,50 2,50

Statistical analyses wsre performed on the basis of both fresh
and dry woight yields, Results of analysis of variance are shomm in

Tables 69 of the appendix,
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No diffe?encés‘occur between treatments with eguivalent atraszine
content; i.e, the l-pound atrazine treatment did not differ in stover
Yyield from the l-pound atrazine combinations with MCPA; Buetril M, and
Banvel 3, Although some differsnces in weed control were evident,; this
observation was not further substantiated by corresponding yield diffe-
ronces,

Weed density at this location was high as sezn in Plates 1 and 2,

Increasing the rate of atrazine gave inereassd stover yield (Table 5).

Table 5, Mean tommage frosh weight/acfa,‘Glenlea - 19681.

Treatmsnt Block Frosh Weight
Weady Checks | 730 + 1,31
Atrazine = % pound 10,47 + 1,49
Atrazine - 1 pound 12,07 + 1.40
Atragine = 2 pounds 14,58 + 1,04

195% confidence limits.

Although the design of the experiment did not allow Tor statis-
tical comparions between treatments in ons particular block, Table 5
indicates a trend of increasing yields with increasing rates of atra-

zine regardless of which chemical, if any, is added,

Exporinent IT, Atréziﬁe zlons and in combination with MCPA, Buetril M,

and Banvel 3 for woed control in corn at Portage (1968),
Visual observations of the degres of weed control ave given in

Table 6,
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Table 6. Dasgres of wead control in 1968 Portage trial.

Tragtment Breadleaf Grassy
Block Pounds of Atraszine Weods Weeds
Atrazine 0 0 0
% 3.7 1.3
1 6.3 3.3
2 8.0 6.0
Atrazine +
Buctril M 0 0 0
3 6.0 3.3
1 8s3 5.7
2 9.0 7.0
Atrazine +
MCPA 0 0 6
2 6.3 47
1 7.7 6.3
2 9.3 8.3
Atrazine + ,
Banvsl 3 4] 0 4]
% 8.0 &7
1 9.7 5.7
2 10,0 7.3

Fair to good control of grassy wseds was obtained ¢uly with the
highest atrasine rats in combination with the 3 added chomicals, On

the other hand, good control of broadleaf wseds was obtained with all
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combinations at the 1- ard 2-pound vates of atrazine, as well as with

the combinatioﬁ of Banvel 3 and %-pound atrazine,

Plates 3=5 illustrate degree of weed control and condiiion of corn
in a representative group of treoatments, Banvel plus 2 pounds atrasine
(Plate 3) shows excellent wsad control, bub corn is somewhal stunted
asicompafed to the weedy check (Plate 4) where corn is tall and healthy
despite weed cover, Atrazine alons at the Z2-pound rate (Plate 5) shows
good broadleaf conitrol, bul grsen foxtail has not besn eliminated,

Throughout the sumusr, much of the corn in the combination traate
ments showed chemical injury in the form of onlon leaves (Plate 6). The
corn in the atrazine trealments appeared healthileyr dssplle muech highsr
wead densities, Corn stalks were gen@rally'ﬁhiek@r, tha plants ware
taeller, more tillered, and a darker green than in the combinaticn treat-
ments, By sesson end, howsver, the corn in the combination trsatments
did not differ in height from that in the plots treated with atrazine

ialonea Corn at season erd varied only from 5,75 to 6.33 feot in height.

Stover yields over the 8 replications are rocorded in Teble 7,

Dry matter is listed in Table 10 of the appendix,

Analysis of varisnce for both fresh and dry weights are given in
Tables 11-13 of the appendix, The only comparisons made wore thoss be-
twsen trsatuents with a given constant rats of atrazins,

No yield increase was oblained by adding Buectril M, MCPA, or Banvel
3 to % pound atrazine, At the l-pound rate all 3 addsd chemicals re=
duced dry matter preduction, but only Banvel 3 reduced the fresh weight

compared to atrazine alons, At the Zepound atrazine rate, MCPA, and




Plate 3,

Banvel 3 +
2 pounds atrazine
i —

Atrazine =
2 pounds

Plate 6,

Onion leaves
on corn
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Table 7. Average corn stover §i@1ds at Portage = 1968,

Troatment ' Frosh Weights Dry Weights
Bloack Pounds of Atrazins (tonsfacrs) (tons/acrs)
Atrazine 0 12,53 1.87
3 12,25 2,07
1 15,34 2,54
2 1, 54 1.82
Afrazine +
Buctril M 0 11,55 1,65
S 12,50 1.83
1 12,90 1.86
2 13,67 1.90
Atrazine + |
MCPA 0 12,12 1.97
% 12,74 1,69
1 12,47 1.87
2 11.31 1,50
Atrazine + :
Banvel 3 | 0 13.23 2,05
3 11,71 1.59
1 12.01 1.80
2 10.90 1.40

Banvel 3 reduced fresh and dry matter preduction,
The following table shows the mean tonnage of fresh woight/acre

for each of the trsatmenﬁ blocks,



Table 8, Mean tommage fresh weight/ecve, Portage - 1968,

Treatment Block Fregh Weight
Weedy Checks 12,36
Atrazine = % pound 12,30
Atrazine ~ 1 pound 13,18
Atrazine = 2 pounds 12,61

The design of the expsriment did not allow for statistical compari-
sons betwesn treatments in any particular block, Tsble 8 indieates no
increasing yields with increasing rates of strazine,

Weed populations at the Portage location were considerably lowsr
than at the Glenlea site. This fact may, in part, account for the high
stover yields of the wesdy check plots, Throughout the summer, the corn
having received the treatments including the 3 chemicals added to atra-
gine showed signs of injury in the form of stunted plante as well as
curled, and onion leaves, Thess injury symptoms may have baen due to
the relatively late application of the herbicides (4 weeks after
sesding). The corn may have bsen too tall, This delsy of one exbra
weok was necessitated by the late emergence of the weeds, If the corn
in thess treatments had not been injured, it may have caught and by~
pessed the corn stand in the wesdy checks, Even as it was, by the end
of the season small size differences were evident betwesn corn in the

various treatments,

27
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Bxporiment JIT, Atrazins and other chemicals alons and in combination

for woed control in corn at Glenlea - 1969,

Visual obgsrvations of the degree of wesd control and corn hoights
resulting from the particuler chswicel or cosbination of chemicals ussd
in this location are shown in Table 9. Examinotion reveals that within
one weed species column there aré vaerying degress of control by any one
particular treatment. For example, Ramrod at 6 pounds/acre immediately
follows Banvel D in the overall listings, Howsver, while Banvel D shows
satigfactory control of wild musterd, Ramrod shows negligibls contrql
of the sams species, At the same tims, Banvel D displays poor conbrol
of graen foxtail and barnyard grass (B, grass) while Ramrod shows good
control of thess particular grassy species,

The wesdy check (Plate 7) was severely infested with wesds, The
combination of atrasine and Lasso (Plate 8) gave poor weed éontrol, but
stover yields remained high, Platses 9 and 10 ropresent control achieved
with 2 pounds atrazine, pre- and posit-smergence, respectively, Plates
11 and 12 show 2 treatment combinations giving gocd control of wseds.

Mean stover yields ars recorded in Tabls 10, Table 14 of the appen=
dix recoxrds dry malter contents,

In general, there appsars to bs a2 degres of corvelation bstween
visible weed control and helght of corn plants with resulting stever
yields, although some unpredictable results occcurred as well, For exauple,
while wsed control with 2 pounds post-smergence atrazine was sscond only
to the hand-weedsd check in weed control, fresh weight of this same treate
ment, was only fifth in finel stover yield, On the other hand, the com=

bination of atrazine and Lasso was twelfth in control ratings, yet this
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Table 9, Dogree of weed control and corn height in Glenlea trestments - 1969,

Wild Wild Foxtail + Mean Corn Height
Trestuent Oats Mustsrd B, grass Others Centrol (in feet)
Weeded check 10.0 10.0 10,0 10,0 10,00 6,13
A=2# post=k 10.0 10,0 9.0 10.0 0.75 5.56
A + Sutan=3,3 pints 9.0 10,0 7.0 8,0 8,50 5,25
A=2f pre-B 7+5 9¢5 7.0 8,0 8,00 6,00
A + Linuron=1,5# 8.0 8.5 7.0 7.0 7:63 5.56
A=1f posteE 7.0 9.0 3,0 8,0  6.75 5,50
A + Linuron=1f 4,0 8.5 7.0 7.0 6.63 4,56
A 4+ Prometryno-1ff 5.0 505 6.0 7.0 5,88 5.38
A + Barwel 3<0,5# 5.0 7.0 3.0 8.0 5.75 L. 69
Linuron=21, 54 4,0 7.0 7.0 5.0  5.75 4,25
A + Lasso-2f 55 5.0 7.0 b5 525 583
Banvel De1f 3.0 7.0 3.0 5.5 4,63 k.38
Ramvod=G# 5.0 2.0 865 2.0 4,38 4,81
Londax=7, 5+ 3.0 3.0 7.0 4,0 4,25 49t
Banvel D=0,5F + Ramvod=3} 2,5 2.0 6.5 5,0 4,00 5,81
Lasso-2# 3.0 L0 5.0 3.0 3675 3.63
Ranirod=4F 2,0 L0 7.0 1.0 3,50 4,06
- A + Ramrod=3f 3.0 4,0 3.0 3e5 3.38 L 69
Londax-10# 1,0 k.0 5.0 2,0 3,00 5,00
Lasso=3# 2,0 2.5 2.5 L,5 2.88 4,56
A-1# pro-E 2.0  b,0 2,0 2,0 2,50 4,13
Ametryne=2i 1.5 2,0 4,0 2.5 2,50 4,56
Banvel D=0,5F 1,0 k0 1.0 3.5 2,38 2,50
Sutan=4,5 pints 2,0 1.0 1,0 0 1,00 2,88
Sutan=32,3 pints 1.5 0 1,0 0 0,63 2,75
Ametryne-1# 0 0 0 0 0 3,69
Weedy check 0 0 0 0 0 2,19




Plate 7. Weedy Check

Plate 9.

Atrazine -~ 2 pounds
pre=emergence

e

Plate 10,

Atrazine - 2 pounds
post-smargence

30

APR




31

Plate 11, Atrazine + Sutan Plate 12, Atrazine + 1.5
pounds Linuron

treatment gave stoveryleld which was equivalent to that of the weeded
check, |

Analysis of variance for fresh and dry weight is recordsd in Table
15 of the appendix,

Only atrazine at 2 pounds/acre applied pre-cmorgence and the atra-
zine-Lasso combination gave corn stover ylelds which were equivalent to
the weeded check treatment, Similarly, the low rate of ametryne, Banvel
D at the lowest rate, and both rates of Sutan produced stover yields equ-
valent to the weedy check., The remainder of the treatments fell into an
intermediate zone between the 2 oxtremes,

It is noteworthy that the only treatment giving the desired wesed



Teble 10, Mean stever yields (tons/acre) at Glenlea - 1969,

Treatments

Fresh Wsight

Dry Weight

A<2# pro-B
Weeded check

A + Lasso=2#

A + Remrod=3i

A + Linuron-l,5#
Banvel D=0,5% + Ramrod-3#
A=1F post<E

L + Suten=3,3 pints
A=2F% post=E
Londsx=10#
Rampod=6

A + Banvel D=0, 5%
A + Banvel 3-<0,5#
A + Promstryne=1#
Anotryne=2#
Banvel D-1f

A=1# pre-E

A + Linuron-1#
Londax=7, 5%
Lasso=3#
Linuron=-1, 5%
Lasso=2f
Ramrod-ls
Amotryne-1f
Banvel D-0,5#
Sutan<lt, 5 pints

Sutan=3,3 pints
Wesdy check

13,98 &«
W62 o
4,46 a
10,16
13.35 &
11,45 a
11.82 a
11,14 a
12,28 &
8.77
9¢57
11,02 a
10,99 a
10,11
7,66
8.67
6,68 b
9,60
8,78
8,48
6.88 b

6.55 b
6.66 v
6.59 b
4,41 b
4,15 b
3,78 b
2,92 b

3,61 ¢

3.13 a
2:73 o
2,54
2,50
2,44
2,41
2,36
2.25
2,21
2,18
2,04
1.96
.91
1,76
1,76
1.70
1.64
1.62
1,30
1.27
1,19
1,17
1,13 b
0.81 b
0,69 b
0.60 b
0.58 b

a Treatments not differing from woeded check, using 1SD,
b Treatments not differing from weady check, using 13D,
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control as well as a yield of stover which was equivalent to that of
the weeded check was atragzine by itself at the 2-pound rate applisd
pre-emergence, The only other treaiment giving the desired high yield
of stover was the atrazine-Lasso combinstion; this treatment, however, .
left many weeds for sesd,

Expsriment IV, Atrazine and other chemicals alons and in corbination

for weed contrel in corn at Portage - 1989,

Visual obssrvations of the degree of weed control and corn height
are recorded in Table 11,

An exsmiration of this tablo shows that within one weed spscies
colunm there sre varying degrees of c&ntrél by any ons particulay chemi-
cal treatment, For exsmple, the combination of atrazine and 1.5 pounds
of linuron gave satisTactory to excellsnt control of the mustards and
green foxtail, bub negligible control of éild oats,

The weedy check (Plate 13) shows the wead infestetion at the site,
Atrazine at 2 pounds/acre applied post-smergence (Plate 14) shows near-
parfect weed control and good corn stand while (Plate 15) shows pocrer
control of weeds resulting from pre-emergence application of 2 pounds
atrazine, Plate 16 shows fair weed control and good corn stand achieoved
with 1 pound atrazins applied poste-cmergence,

Mean stover yields are recorded in Table 12, Tablo 16 of the
eppendix racords dry matler contents,

Analysis of variance for fresh and dry weights is recorded in Tabls
17 of the appendix, |

Only atrazine at 2 pounds epplied post—emergencs gave & corn sﬁover

yield equal to the yleld of the weeded check, Falling slightly below
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Table 11, Degree of wesd control and corn hsight in Porisge treatments - 1969,

a Green Mean Corn Height

Troatwent gi%s Mustard Foxtaill Others Control (in feet)
Woeded check 10,00 10,00 10,00 10,00 10,00 6,33
A=2f post-E .8.25 10,00 8.75 10,00 9,25 6,38
A-1f post-E 5.75 975 6,00 9,50  7.75 5.81
A + Linuron=1l,5fF 2,25 7,00 9,00 8,50 6,69 L,31
A<2f pro-E 3,50 5,00 be50 5025 4,56 | 3.9%
A 4+ Linuvonelf 2,75 3,00 6,50 L,25 5,15 3,31
Londax=10# 0 3.75 5,00  1.25  2.50 2.63
Linuron=1, 5F | 0,25 3,00 325 1,00 1.88 1,50
A + Prometryne-1f 0.50 0,50 L. 00 1.00 1.50 2.81
A + Sutan=3,3 pints 0,25 2,75 125 1,25 1,38 . 3.19
A + Lasso-2f 0.25 1.75 1.50 0,50 1,00 2,88
A + Banvel D=0,5# 0 1.50 0.50 1,00 0.75 2,69
Londax=7, 5¢ 0 0,75 1,00 0,25 0,50 1,50
Ramcod=63 0 0:75 0.50 0 0.31 1,63
Sutan-%.5 pints 0 1,25 0 0 0,31 1,50
A 4+ Ramred=3# .0 1,00 0 ¢] 0.25 - 2,13
“““ Benvel D-1# 0 0,50 0 0 0,13 1,56
A=1# pro=E 0 0 0,25 0 0,06 2,19
Ramrod-lt 0 0 0.25 0 0,06 1,00
Lasso=3# 0 0 0 0 0 2.00
Lasso-2# 0 0 -0 0 0 1,50
Sutan=3.3 pints 0 0 0 0 0 1,44
Weedy check 0 0 0 0 0 1,25
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Plate 13, Weedy check Plate 14, Atrazine = 2 pounds
~ post-emergence

APR

S S S S S T Y

Plate 15, Atrazine - 2 pounds Plate 16, Atrazine - 1 pound
pre=ororgence post-emergence



Teble 12, Mean stover yields (tons/acre) at Portage = 1969,

Treatmant

Frosh Weight

Dry Weight

Wosded éheek
A<2# post<E

A-1F post-B

A + Linuron=1,5#
A=2# pro-E

A + Sutan=3,3 pints
A + Banvel D<0,5#
A + Iinvron=1#

A 4 Promotryne=1
A + lasso=2#
A-1f pre-E
Londax=10#
Sutan-%,5 pints

4 + Ranrod-3f
Linuron=1,5#
lasso=3#

Banvel D=1#
Londax~7.5i
Sutan-3.3 pints
Lasso=2#
Rampod-Lif
Ramrod-&F

Weedy check

15,10 a
13,86 a
10,81
5¢13
385
3,06
2,17
2,61
2,26
2,18
1,61 b
1.7 b
L. b
1.5 b

1.28 b
140 b
1.23 b
1,07 b
1,11 b
1,15 b
0,87 b
0.94% b
0.81 b

3.73 a
3.63 a
3.23
1,52
1.02
0,72
0657
0,57
0.50
0,47 b
0.35 b
0,34 b
0.31 b
0.31 b

0.30 b
0.26 b
0.26 b
0,24 b
0,22 b
0.21 b
0.20 b
0.19 b
0,16 b

a Treatments not differing from wsedsd check, using ISD,

b Treatments not differing from wesdy check, using ISD,

36
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the limits imposed by the LSD is the lepound postesmsrgence application
of atrazine, On ths othsr hand, soms 13 trectments failed to differ
from the weedy check in stover yield. The remaining treatments £2ll

into an intermediate zoneo,

Exparim@nt V. Gresnhouse bloassay for atrezins residues,
| Oat emergence was noted 4 days after seeding. By the fifth day,

90% of the seedlings had emerged, Emergence appearsd normal in all
pots, No physiclogical sbnormalities appsared in any of the oal plants
until 8-10 days after sseding, At thst tins, plants in the satrazine=
2 pourds, 0-2 inch treatusnt showsd o reduction in growth rats as com~
pared to the check, Other treatments displaying slight growth deprasg=
sion weres atrazine-2 pourds, 2<% inch and atrzine-l pound, 0=2 inch,

The condition of the oat plants 3 wesks after seading and their
dry woights 4 weeks after sesding wers recorded (Tabls 13),

Aralysis of variance for dvy wolghts is recorded in Tsble 18 of
the eppendix,

Oats grown in the atrazins=1 pound, 0-2 inch trsatment hed a
lowar dry waight yield than ths check, Severa yield depr@gsion occurred
in tho atrazins=2 pournd, 0-2 inch treatmant,

Results at the 2-4 inch soil depth indicate that reduction in dry
welght of oats oceurred only at the 2 pound rats of atrazine,

No differcnces wore detectsd batwsen treatments at L8 inch soil
'1ayer,

The resulis of this experiment indicate that the atrazine has
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reached the 4-inch depth at the Z2-pound rate while the l-pound treat-
ment has psnstrated only to the 2-inch depth, Osts can b saveroly

injured at high atrazine rates and dhallow soil dspths,

EBxperimont VI, Growth chambar bicassay for atrazins residuss,

Oat emergence was noted 4 days after sseding, By the fifth day
50% of the seedlings had emerged, Emergence was normals no physiolo=’
gical abnormalities occﬁrring until 8-10 days after sseding, A reduced
growth rated of plants in the atrezine-2 pound, 0-2 inch treatment was
noted, Sligh% growth depression was also noted in the atrazine-2
pound, 2=l inch and strazine=l pound, 0-2 inch trssiments,

Condition of oat plants 3 weoks after seeding and their dry waights
b wosks aftsr seeding were recorded (Teble 14),

Plate 17 illustrates the effect of the 2-pound rate of atrazins on
the oats, Atrazine residus effects wore noted in atrazino-2 pound, 0=2
inch (A2,0-2), atrazine-1 pound, 0-2 inch (A1,0-2), and strazine-2
pound, 2-4 inch (A2,2-4) treatments, No differaﬁcss were notsd between
the the check (Ch,0-2) and the atrasine~l pound, 2<% inch (A1,2<%) treat-
ment,

Analysis of variance for dry weights is recorded in Tebls 19 of the
appendix,

The dry weight of oats from the 0-2 inch layer was seversly de-
prossed at both the 1 and 2 pound rates of atrazine,

Yield depression in the 2-%4 inch layer occurrsd only at the 2-pound
rate of atrazine,

‘Results from the k=5 inch layer indicats that atrazine reached the
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6=inch 1éyer with ths 2-pound treatment,

The results of this expsriment indicais that the atrazins has reached
the 6=inch soil level at both concentrations (1 and 2 pounds/eere), Oats
grown in treated soll can bs ssverely injured, especially at shallew soil

depths and higher atrazine raiss,

Exporiment VII, Growth chamber bioesssy for alrazine residuss in mixed

soilé and atrazine=3diluted soils,

Oat emsrgencs uas notsd 4 days after seeding, By the sixth dsy, all
oats had emsrged. Emergencs end early growth appeaved normal in all
treatmants until 9-10 days after seeding, AU thet tiwme, planis in the
A2-2"-C treatment gave indications of a raduced growth rate, By ths
sixteenth dsy after seeding, much ysllowing and dying back of the leaf
tips was noted in A2-2"<C, Plants in this treatment also eppesred
stunted in growth, At the saws time (16 deys after sesding), indica-
tions of physiological sbnormalities wers evident in A2-4"<C, No reaéily
observable signs of injury cceurved in any other treaiment by this time,

| Tebls 15 indicates condition of oat plants ot 3 wesks and their dry
woight at hsrvest (4 weeks after seoding),

Table 20 of the appendix records analysls of variancs of dry weights.,

As expscted, the AZ-2"-C tresatment yislded the iowesﬁ amount of dry
matter, Even intensive soil-mixing of the 2-pound overall application
to 4 and 6 inches failed to alleviais the problem of atrazine rosidues,

The yield of ths Al-2"-C treatmsnt was also low while mixing of
these l-pound rates to 4 and 6 inches improved the yislds slightly, but

st111l left them lowsr than the check plants,
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Banding the chemical at the 2-pound rate with subseguent mixing of
the soil to 2 and 4 inches (A2-2"-B and A2-4"-B, rsspectively) resulted
in yields which were lowsr than that of the check, Howevor, when
bandad and wixed thoroughly to the 6=inch levsl, ne differsnces could
be dotected bstwsen atrvazine treated soil and the check,

.Simuleted banding of the atrazine at the l-pound rate at 21l 3
soil levels resulted in yields which did not differ from the yield of
the check,

The resulls of this experiment indicaise that cultivation slonz is
not sufficient to diluté atrazins to non-toxic levels, Banding of the
herbicide with subssquent thorough tillage may diluts the atrezins to
a concentratlon whsre it will not injure & erop of ocats grown in the '’

gubseguent year,
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Summzry and Conclusions

Chemical Trisals

~ The 1968 chemiecal trisls show that there is no advantsge to be
geined by adding Buctril M, MCPA, or Benvel 3 to specific rates of atra=
gine, No differences were notsd at the Glenles site, At the Portsge
location, any differences noted represented treatments where atrazine
by itself was better (in terms of stover yield) than either one or more
of the cowbinations with atrazine,

‘The Glenlea trials indicated a definite ﬁrapd of increasing forage
yields with incfeasing rates of atrazine, The Glenlea results are not
borne out by the Portsge data whers little difference in yiseld occurred
between the varying strazine rates. The Portsge resulis agree with
those of Alley and Chamberlain (1964) who found that rates of 4 pound
atrazine/acre wers as effective as rates 2= times as high,

At Portege in 1969, fha 2 post-emergence treatments of atrazine
rated second eand third in stoveryisld to the hand-weeded check, The
pro=cnsrgence atrazine trea%meht gave lowsr stover yields and poor con=
trol of weeds. Thess raosgulits dissgres with the conclusion of Bunting
and Ludwig (196%4) who showsd that pre-emergence applications generally
result in bettsr control of weeds and higher corn yields,

At Glenlea, the 2 post-emorgencs atrazine applications appeared
between the 2 pre-smergence treaitments in stover yleld, Weed control
by all atrazine treatments et Glenlsa ranged from good to excellent,

The combinations of atrazine plus other chemicals, except for stra-
zine plus Lasso at Glenlea, gave poor cors yields &s compared to the

weeded chocks., Weed control with atrazine plus Lasso wes questionable




15

at Glenlez and poor at Portage,

2 4

A comparisen of pro=smergence corbinations with 1 pound atrazine

“and the lepcurnd pro-emsrgence atragine trsatment indiecates that several
troatments tendsd to yileld more dry matter than the atreszine treatmsnt

alons. The combinatiens of atrasins with Remrod, Sutan, lassc, and
1.5 pounds linuron gave dry matter yislds which tendsd to be higher than
the pre-emergences application of atrazine alons,

The favoreble resulis with atrazine sre in agreement with the work
of & number of zuthors (Shear, et al., Hinesly, et al., Courson), and
in dissgreement with the report of Triplett (1966) who claimed that com-
binations were necessary to obtain maximus wesd control,

- A1l trestments involving chemicals other than atrazine gave poor

woed contrel and low corn stover yields, |

Bassd on the resulis of these studies, atrazins is still the best
weed klller of the chemicals &nd cenbingtions of chepmlcals t@sted in
thsse areas of the provines of Manitoba, Although diffsring as to tims
of application in the 2 locations, atrazins at the 2=-pound rate was as
effective in controlling weads and enhancing corn yields as was wesding
the corn by hand, The combinations of 1 pound atrazine plus other chemi-

cals did not,; on the basis of this 2-ysar study, show promise for re=

placing higher rates of atrazine,

Residus=Bioassay Studies

When atrazine was applied post-smergence at 2 pounds/acre, resi-
dues could be detected in the seil et the 0=2, 2-4%, and 4=6 inch lsvels
(Experiment VI), When, however, atrazins was dppliad et 1 pound/acre,

résidues could bs detscted in only the 0-2 inch level of soil, Thus,
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atrazine gave grester depression of oat growth at higher soil levels
~and higher strazine rates, Althcugh the winter season was excludsd from

the normal cycle, Experiments V and VI emphasize the fact that abrazins

can create a residue preblem at high rates.  This conclusion differs from

the work of Peters (1966) who reportsd no injury to osts from siﬁilaf
retes of atrazins.

Thorough mixing Of.thQ goil to 2, 4, and 6 inches was not suffi-
cieht to grow cats, thus suggesting that intsnsive cultivation is n@ﬁ
enough to effectively diluts the atrazins in the soi

When soii was mixed in a 1:2 ratio (treated to untreated), thus
simwleting a 12-inch band spplication (36=inch row spacing), thorough
mixing of ths upper 2 inches of ths l-pound strazing treated soil was

sufficient to grow ocats, Similar "banding” of 2 pounds atrazine/acrve
raqulred thorough mixing of the vpper 6 inches of soillﬁo grow oals,

Unless other chemicals ér corbinations with lowsr ratss of atvasins
prove efféctive, practices such as banding and the sseding of non-
susceptible crops in the rotation ma& be the only alternstivss left
té the Manitsba corn producer, This recommendation is in agreement

~ with the suggesiion.made by Courson (1965).

Since even simulataa banding of atrazine at 2 pournds gave residue
problems to 4 inchez, the producer mey have to lowsr the atvazine rate
and apply combinations of atrzzins with chemicals such as Sutan, Ramred,
Lasso, or linuren to alleviate the residue problem. Banding mey then
provide the answsr to the problem of residues &s well as giving the

desived weed control,
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Table 1,
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APPENDTX

Chemlicals used in 1968 and 1969 trials,

Common Nams

Chemical Nams

Atrazine

MCPA

Banvel 3

Buctril M

Linuron

Banvel D

Lasso

Ramrod

Anetryne

Prometryne

Londex

Sutan

chhlorom@methylamin0m6»iscprdpylamino«5m
triazins,

2=-mothyl-l-chlorophenoxyacetic acid,
2,4=D PLUS Mecoprop 2-(methyl-l-chloro-
phenoxy) propionic acid PLUS Dicambs (2=
methoxy=3,6=dichlorchenzoic ecid),

Bromoxynil (3,5-dibromo=f-hydroxybenzoni-
trile) PLUS MCPA,

3=(3,4=dichlorophenyl)=l-mothoxy=l-pathy=-
lurea,

2-nothoxy=3,6=dichlorobanzoic acid,

2-chloro=2,6-diethyl-N=(mnothoxynethyl)
acetanilids,

2=chloro=N-isopropylacetanilide,

2-sthylanino=l=isopropylamino=6-msthyle
mercapto=5-triazine,

2,4-bis (isopropylamino)=-6-methylmercapto~
S5~triazine,

Linuron PLUS 2-chloré-NniséprOpylaoeta-
nilide,

S=ethyldiisobutylthiccarbamats,




Table 2,

Wind speed and direction at spreying time.

Location and Tine

Wind Speed (mph) Cross Wind Along Row

Glenles,
" Porlage,
Glenlea,
Glenlea,
Glenles,
Portage,
Portage,

Portage,

1968,
1968,
1969,
1969,
1969,
1969,
1969,
1969,

post-energence
post-emergence
pre=plant
pre=smergencs
post-emergence
pro=plant
pre=cisrgoncs

post-eomergence

6-12 | x
0

1-3 X

3-8 x
0-2 | x
3-7 x
5=12 x
273 X
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Teble 3. Glenlea corn cob number and length (1969),

Treatmont Cobs/plant Cob length (inches)
A-1} post-E 1.2 9.6
Banvel D~0,5# + Ramrod-3f# 1.2 9.0
Ranrod-lif 1.4 8.6
A + Linuron-1,5# 1.2 7.8
A=1# pre-E A 1,2 7.8
Hand=-weeded chack 1.0 7.6
A + Ramrod-3# 1.4 7.6
A + Banvel 3-0,5# 1.0 7.4
A + Prometryne-1# 1.0 YR
Banvel D-1f# 1.2 72
A + Sutan=3,3 pints 1.0 7,0
A + Linuron=1# 1,2 6.8
Lasgo=2# 1,0 6.8
A~23 post-E 1.2 6,6
Ramyrod-6# 0.8 6.6
Linuron=1, 5# 1,0 6.6
lLasso=-3% 1,0 6.2
A-24 pro-E 1.2 6.2
A + Banvel D=C,5# _ 1.4 6,0
Londax~-10# 0.4 Sl
Londax=7, 5% 1.2 | 5,2
Sutan-3.3 pints 0.4 5.0
A + Lasso=2# 1.0 | 4,8
Banvel D-0,5# 0.6 by
Anetryns=-24 0.4 3.8
Sutan-4.5 pints 0.4 . 3.8
Amstryns-1# 0.k 3.6

Weedy chack 0.2 2.4




Table #, Portage corn cob number and length 1969,

Treatment Cobs /plant Cob length (inches)
A-2F post-E 1.6 11
A-»Z#- pre-E 1.2 11
A + Banvel D=0,5# 1.4 10
Hand=wesded check 1,6 10
A-1# post-E 1.6 9
A + Linuron=1,5% 1,2 9
A + Linuron-1# 1.4 o
A + Sutan-3,3 pints 1.2 7
- A=1} pro-E 1.2 é
Lasso=23 1,0 6
Linuron=1,5¢# 1.0 5
Suten-4,5 piﬁ;ts 0,8 5
Weedy check 0,8 5
Sutan=3.3 pints 0.8 5
Londax=10# 0.6 5
Londax=7, 5¢ 0.6 5
A + Ranrod=3# 0.6 5
Lasso-3F 0.4 4
Ramrod=6# - 0.6 3
A + Lasso-2# 1.0 b
A + Prometryne=1# 1,0 [
Ramrod-di# 0.4 L
Banvel D-1# 0.6 L




Table 5, Dry matter content (%) of cor‘n in 1969 Glsnles chemicel trial,

Treatment
Block Atrazine rate (bands) ¢ Dry matter
Atrazins 4] 21,7
i 21,4
1 19,1
2 18,5
Atrazine +
Buctril M 0 16,7
H 19.9
1 19.6
2 19.7
Atrazine + ,
MCPA 0 19,5
3 18,8
1 19,2
2 20.5
Atrazine +
Banvel 3 0 16,8
i 18,1
1 18,9
2 17.3




Teble 6, ANOVA for weedy checks = Glenlea - 1968,

Fresh weoights

Sourcs af Sum of squares Mean sguares F
Treatments 38,44 12,81 0,108 n.s.>
Blocks 893,07 127,58 1.071 n,s,
Error 21 2501, 39 119,11 |
Total 31 432,90

Dry welights
Treatmnonts 2,63 0.88 0,208 n.s,
Blocks 7 31,48 L, 50 1,069 n.s,
Error 21 88,36 L 21
Total 31 122aQ7

1
Non=significant at ,05 level of significance,

Teble 7, ANOVA for 4-pound atrazine treatments - Glenlea - 1968,

Fresh Weights

Source daf Sum of squares Mesan squares F
Treatments 3 563,79 187,93 1,037 n,s,
Blocks 7 132,81 18,97 0,105 n.s,
Error 21 3807.48 181,31
Total 31 4505,08

Dry weights
Treatments 3 8.80 2,93 0,813 n.s,
Blocks 7 5,29 0,76 0,106 n,s.
Error 21 149,19 7,10
Total 31 163,28
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Table 8, ANOVA for l-pound atrazine treatments - Glenles = 1968,

Fresh weights

Source daf Sun of squares Mean squares F
Treatments 3 164,72 54,91 0.315 n,s,
Blocks 7 131.8% 18.83 0,108 ngs,
Error 21 ~ 3663,57 174,46

Total 31 3960,13

Dry wsights

Treatments 3 b,11 1,37 0,213 n.s.
Blocks 4 L,97 0,71 0,111 n,s,
BError 21 134,79 642

Total 31 143,87

Table 9, ANOVA for 2-pound atrazine traétman%s - Glenlea - 1968,

Frosh Weights

Source af Sum of squares lean sguaras F
Troataments 3 21,80 7.27 0,089 n,s,
Blocks i 465,25 66,46 0+813 n.s.
Error 21 1716.98 81,76

Total 31 2204,03

Dry weights

Treatments 3 7.21 2,40 0,794 n,s,
Block 7 17. €8 2053 O, 835 NgSe
Error 21 88.43 3,03

Total 31 88.43




Table 10, Dry matter content of corn in 1968 Portage chemical plots,

Treatuent

Block ' Atrgzina rate (bands) % Dry mattor
Atrazine 0 ) 14,9
% 16,9
1 16,5
2 12,5
" Atrazine 4
Buctril M . 0 14.3
% 4.6
1 LN
2 13.9
Atrazine + ,
MCPA 0 16,3
H 13.3
1 15.0
2 13.3
Atrazine +
Banvel 3 0 15.5
3 13.6
1 15,0
2 17,4
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- Teble 11, ANOVA for weedy checks - Portage - 1958,

Fresh weights
Source af Sum of squares Mean squaras F
Treatments 3 90,43 30,14 1,121 n,s,
Blocks 7 574,58 82,08 ‘ 3,053%
Error 21 564,57 26,88
Total 31 1229,58

Dry weights
Treatments 5.41 1,80 2,700 n,s,
Blocks 13.55 1.94 2,900%
Error 21 14,02 0.67
Total 31 32,98

*Significanﬁ at the 5% level,

Teble 12, ANOVA for % pound atrazine treatments - Portage - 1968,

Fresh weights

Source af Sum of squares Méah squares F
Treatments 3 35.95 11,98 0,255 n.s.
Blocks 7 285,54 40,79 0,869 n.s,
Error 21 985,52 46,93
Total 31 1307,.01

Dry woights
Treatments 3 7.96 2,65 2,605 n,s,
Blocks 7 6,31 0,90 0,143 n,s,
Error 21 21.39 1,02
Total 31 35,66




Table 13. ANOVA for 1 pound strazins treatments - Portage = 1968,

Fresh weights

Source af Sum of squares Maan squarss F
Trestmsnts 3 401,89 133,94 3,881
Blocks 7 216,82 30,97 0,897 n.s.
Error 21 724,97 34,52
Total 31 1343,68

Dry weights
Treatments 22,07 736 9.027*
Block 4,93 0,70 0,868 n, s,
Error 21 17,12 0,82
Totzal 31 Ly 32

Table 14, ANOVA

Fresh weights

for 2 pound atrazine treastments - Pertage - 1968,

Source af Sum of sgusrss Mean squares F
Treatments 3 574,13 191,38 7,265+
Blocks 328,08 46,87 1.867 n,s,
Error 21 527,09 25,10
Total 31 1429,30

Dry weights
Treatments 3 1.72 3657 8o 368%
Blocks ? : 5@63 0080 10883 Re S,
Error 21 8,97 0.43
Total 31 25,32
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Table 14, Dry matter content of corn in Glenlea chemical plots (1969),

Treatment % Dry matter
A=2# prs<E 25,8
A<1# pre-E 25.5
Londax~10# 25,2
A + Ramrod-3# 25,0
Amotryne=2# 23,0
Ranrod=64 22,8
Hand=weeded check 21,4
Banvel D=0,5# + Ramrod-2f 21,3
Lasso-3# 21,2
A + Sutan-3,3 pints 21,2
A-1# post-E 20,4
Banvel D=1# 20,3
Weedy check 20,0
- A + Lasso-2f 18,9
A + Prometryne=1# 18,9
A + Linuron-1,5% 18,7
4 4 Banvel D=0,5# 18,5
Linuron=1, 5% 18.4
Londax<7, 5¢ 18.4
A-24 post-E 18,3
Banvel D-0,5% 18,3
Lasso=2# 18,1
A + Banvel 3-0,5# 17.8
Ranrod=# 17,5
Austryne=-1# 17,2
A + Linuron-14 17.1
Sutan-4#,5 pints 16,7
Sutan=3,3 pints 15,8




Teble 15, ANOVA for Glenlea chemical experiment (1969).

Fresh wolghts
Source af Sum of squares Hean sguarss F
Treatments 27 3453,65 1276,06 5,29%
Blocks 3 190k, 54 634,85 2,63
Exrror 81 19525,.93 241,06
Total 111 55884,.12

Dry wesights

Treatments 27 1855,01 68,70 14, 63%
Blocks 3 520,66 173.55 36,96
Error 81 380,29 4,70
Totsl 111 2755.96
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Table 16, Dry matiter content of corn in Portage chemicsl plots (1969),

Treatment 4 Dry matter
A-1# post-E . 29.9
A + Linuron=1,5# 29,7 )
Sutan=4,5 pints 27,5
A<2¢ pre-E 26,4
A + Banvel D=0,5# | 26,3
A-24 post=E | 26,2
Handeweeded check 24,7
Linuron=1,5# 23,5
A 4+ Sutan=3.3 pints 23. 4
Ramrod=ii 22,7
Londax=7, 5+ 22,2
A + Prometryns 22,0
A-1f pre-E 21,8
A + Linuron-l# 21,7
A 4+ lasso=2¢ 21,6
Banvel D=1f , 21.2
Ramrod=56f : 20,5
A + Ramrod=3f 20,0
Wesdy check 20,0
Suten-3,3 pints 19.5
Londax=10# 19.4
lasso=3F | 18,8

Lasso-2¢ 18,2
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Table 17, ANOVA for Portsge chemical expsrinsnt (1969),

Fresh weights

Source ar Sum of squarss Mesn squaves F
Treatments 22 45162,98 2052,.86 74, 70*
Blocks 3 135,23 45,08 1,64
Error 66 1813.72 27,48
Total 91 47111,93

Dry welghts
Treatmsnts 22 3306,10 150,28 104, 36%
Blocks 3 9.81 3.27 2,27
Error 66 131,02 1.44

Total 91 3446.93




Table 18,

ANOVA for gresenhouse biozssay.
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Dry waights

Source af Sum of squarss Msan squarss F
Treatmants 8 0,667 0,083 29,79*
Error 27 0,075 0,003
Total 35 0,742
Table 19, ANOVA for growth chamber biocassay,

Dry woights
Source af Sum of squares Msan sguares F
Treatmsnts 8 1,069 0,134 3, 26%
Error 27 0,106 0,004
Total 35 1.175
Tsble 20, ANOVA for atrazins bioassay (Experiment VII),

Dry weights
Source ar Sum of sguarss Mean squares F
Treatments 12 4,80 9,400 66,67+
Error 39 0.24 0,006
Total 51 5,04
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Table 21, Subjective interpretations (visual observations by plots)
of weed control ratings used in all field experiments,

Rating

Degree of Control

1
.
3
L
5
6
7
8
9 -

10

No control

Very poor

Poor

Slight

Noticeable
Moderate

Fair

Good, satisfaetéry
Very good
Excellent

Complete kill




