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IRTROIVCTION

Weeds have besen with man for countless years and it is evident
that they will be with man for many more. As tillable land decreases
and population increases, veeds will have to be controlled to insurs
the best land use.

Weeds are controlled by cultural, bioclogical and chemical methods.
Cultural practices are most widely used and generally the most practical.
Bielogical contzol is useful only in specific aress. Chemical control
of veeds was not a widely used method until the discovery of selective
herbicides cdout 1900.

A group of chemicals nov receiving much attention are the herbi-
cides cosmonly called “pre-emergence chemicals." These chemicals are
6o named becsuse of their time of application.

The possibility of controlling annual weeds by pre-emsrgence
spplications of herbicides on large acreasges of corn without the aid
of cultivation has stimulated a large emount of intersst.

The objective of this study was to learn more about a rela-
tively new group of herbicides used primarily as pre-emergence treat-
ments in corn and hew the control of annual weeds is influenced by
the time and amount of rainfall that is received after the chemical is

applied. These new chemicals are otnsiaol and atruinoz.
It 1is bhoped that these results will aid in developing more

12.chloro=4,6-bis(ethylamino)~s-triazine,
22<chloro~4,6-bis(1sopropylaminc)~s-triazine.



practical uses for herbicides that are applied pre-emergence.



LITERATURE REVIRW

Simggine i{s 2-chloro-4,6-bis(ethylamino)-s-triasine and has the
following structure (4):

|Cl
AN
K’ \n
Tl
|
Ggliy—N-C_ C—N—Cpig
N/

This chemical was first released in 1956 (11). 1t is a white
crystalline powder which is practically insoluble in water and only
elightly soluble in certain organic solvents (13). The compound is
comparatively nontoxic to humane (4).

Simazine was originally formulated as a 50 parceat active in-
gredient wettable powder, but {is now being formulated as an 80 percent
active ingredient powder for spray applications. It is slso formulated
in pelleted form containiog four percent active ingredient for grsusular
applications. All rates of application are expressed in pounds of
active ingredient of simaszine per acra.

The emact amount of chemical needed to obtain satisfactory
eontrol of weeds has been influenced by the soil type. 7Fine testured
sotls have rxequired more of the chemical than the coarse textured
soils. Rogers (14) found that rates of four or efght pounds of simazine
per acre were nesded to obtain adequats control on muck soils, Bartley
(3) reported that one pound per acre gave good control on sandy soils
and eliminated 86 perceunt =:/f the grassy veeds on clay loam soile. Other
vesearchers (14, 13, 18) have also reported the need for rates up to



three and four pounds of simsazine per acre on muck and clay soils to ob-
tain the same amount 0of wveed control as obtained with lower rates of
one or one and one-half pounds per acre on sand and sandy loam soils,

Simazine remains in the soil for spprozimately six wmonths whea
applied at the two-pound per acre rate (19), Schneider (18) reported
that the residual action of simazine was probably not affected by
soil microorganisms. The activity vas reduced by absorption of the
chemical by the soil colloids, leaching of the chemical from the root
zone and variocous cultural practices.

Crop plants vary widely in their tolerance to simagine -~ corn
sppearing to be the must tolerant. Bartley (4) and Minaxik (11) re-
port that 16 pounds of simazine per acre gave no injury to corn.
Tletchall (9), however, reports that corn yields from plots which re-
ceived eight, four and two pounds of simssine per acre wvere 91, 95 and
106 bushels pexr acre, respectively, which indicated that higher rates
injured the coxrm althcugh no visible injury was evident. Anderson (1)
cites data in agreement with Pletchall's. One pound of simszine per
scre has injured ocats, wheat, sorghum, soydeans =ad alfalfa (3, 4, 13).

On the ©other bend, soms reports indicate thaet simazine bas stim-
lated corm plantsg while also controlling veeds. Plants on treated plots
vere lerger in size, greener in color and gave greater yields than those
in veed-free umtreated plots (3, 11).

At a two-poiund per acre rate, no adverse effects were noticed
upon the nNormal ryotation crops which were planted one year later. At

higher rates of application results vere varied, depending upon the




rotation crop which was planted (19), Bayer (5) found no residual effect
prior to or at tue maturity of spring wvheat or cats vhich were planted
upon soil wiaich received an application of four pounds per acre of
simazine cne year earlier. [Iowever, this author has observed severe
injury to ocats planted one year after an application of four pounds per
acre of simasine. Rogers (16) found that four nounds per acre of eima-
sine stunted soybeans planted one year later, while eight pounds p¢.- acre
killed the soyveans.

Movement of simszine within the eoil was very slight; therefore
the chemical remains im the top ome or two inches of soil where most
wesd seeds germinate (12),

Simasine did not penetrate the unbroken cuti~le >f leaves but
was absorbed by roots (7, 18). Only a small portion of the chemical
applied vas absorbed but tuis was enough to obtain adequate comntrol.
Simazine gave a 50 percen? {nhibition of the Hi)ll rcaction at concen-

trations of 7 X 10”7

M while 2,4~D did rot cause any significant in-
hibition at conceriirations as high as 1 X 1074 ¥ 7).

S$imaxine labeled with radioactive cardcn was absorbed in the
same amounts by Cuie roots of cucumbers, zoftton, and ecrn, representa-
tives of the very sensitive, medi:m and tolerant plants. Eswever, the
actual amount of simszine within corn and wheet plants varied greatly.
Wheat plants contained 25 times as much he-bicide as corm plants, in-
dicating that coxrn metabolized the ctemical. Corm produced radioactive
carbon dioxide and the entire plan was radiocactiva indicating that the

entire molecule was used (17).



Inhibicien of the Hill reaction resulted in reduced carbohydrate
formation and the Cypical death symptoms -+ marginal chlorosis followed
by secrosis wvhich spread rapidly until death occurred (18).

At least one-hslf inch ¢f rainfall {n one shover was required to
give satisfactory wead coatool, The exict emount 02 rainfall needed
(spended upon Che rapidity of evaporation and the amount of soil molstule
at the Cime of application (18). The zain leccaed the chemical into the
soil vhere it was absorbed by young weed roots.

Freemsn (10) found that two or four pounds of simazine per acre
gave 1095 peccent control when heavy rains fell one week before the
plots were sprayed at early post~emergence. When dry conditions pre-
vailed for over a wonth after simasine was applied at two and Chree
pounds per acre, less than 13 percint of the wecds were sliminated (8).
P-eskew (6) found that 0.41 inch of rain one veek before treatment and
0.61 inch within the first veek after treatment gave almost perfest con-
trol of weeds.

Derecheid (8) hes reported results vhich indi:ate that no: only
the amount ¢Z weed control but also ¢iie rapidity of kill of veeds was
assoctated vith the time end emount of rainfall recelved after treatment.
When 1.25 inches of rainfall fell the firs: week after simazine was
applied at rates of two and four pounds per acre, respective weed elini-
nation of 60 and 90 percant was obtained {n two weeks. Eovever, when
only 92.06 inch of rainfall fell during the first two weeks after treat~
went, 1.5 inches fell the Chird week and 0.79 inch fell the “ourth week

afiter treatment, 90 and 75 percert, refpectively, of the weeds wcre not



eliminated for over a month at both the two- and four-pound rates of
simazine,

Atrazine is a trazine compound which i{s similar to simazine 1in
crop tolerance and residual action. It is identCical to simazine in
structure except that an isopropylamino group is substituted for the
sthylamino group on the number six carbon (2).

Atrazine is weter soluble to 70 ppnm, while simazine is watex
soludble to five ppm. This higher water solubility enables atrazine to
move dovnward into the soil with less moisture than simazine and xe-
sults in a shorter residual period (2). This shorter residual is am
advantage when little moisture is received as less residual occurs the
following year. The short residual is a disadvantage whem much moisture

is received, as weed control does not last the entirxe season.



MATERIALS AND METHODS

Greenbhouse experiments were condocted during the winter of
1958-1959 using varyimg smounts of rainfall at several dates on flats
treated with simasine or CDAA (2-chloro-N,N-diallylacetamide). Similar
experiments were conducted in the field during the summer of 1939, and
additional trials with simszine and atreacine were conducted in the

greenhouse during the fall of 1959,
Greenhouse

During the winter of 1958-1959, three experimeunts were conducted.
Pour hundred green foxtail (Setaria yiridis (Weigel) Bubb.) seeds, of
which 46 percent wers viable, were planted at a two-inch depth in four
gallons of Vienna silt loam topsoil in each 20" x 14" x 4" flat,
8imulated rainfall consisted of Brookings "tap'" water being applied
wvith a Sprayer Systems 8001E nozzle under 40 pounds of pressure. The
noszle was oscillated over three flats at one time applying an ioch of
zainfall to each flat in 44 minutes (32 oscillations). The apparatus
used for applying the chemical and rainfall is shown in Figure 1.

In the first exmperiment during 1958-1939, five pounds active
iogredient of 50 percent wettable powder of simazine were applied
in 10 treatments of three replications of a randomized block. Pre-
liminary experiments had indicated that a five-pound rate of simazine was
the minismm effective rate under the existing experimental conditions.

Ten treatments were used in which aine were sprayed with sima-

gsins. The untreatiid flats and one treatment received one finch of




rainfall the day the flats were treated vith simazine and one-fourth
inch of rain semiveekly for four weeks. The remaining four pairs of
treatuments were divided into four treatments including imcorporation
and four vithout incorporation. One pair received onme inch of rainfall
one day before simazine was applied and one-fourth {nch semiweekly for
focur weeks. The remaining three pairs received mo rain before application
of simasine. BEach pair received one-fourth inch of rain semiweekly for
four veeks except that one pair received one inch of rain seven days
after simazine was applied, a second pair received the one inch 14
days after application, and the third pasir received the same amount 21
days after application., In each case 2o rain was received for a week
after the one-inch ratn.

The chemical wvas incorporated into the soil by thoroughly mix-
ing simazine into the top one inch of soil.

The number of living plants on each flat were counted at weekly
intervals starting 13 days after application,

The second experiment vas the same as the first experiment ex-
cept that only one-half inch of rainfall was applied on the date that
one ioch was applied in the first experiment,

In the third experimant CDAA was applied at a five-pound rate
instead of simasine. All other conditions were identical to the first
experiment.

Creenbhouse experiments were conducted after the field experi-
mants were terminated the fall of 1959. Fifteen grams of fortail seed
wvere mixed with four gallons of soil for each 20" x 14" x 4™ flat (23



Figure 1.

A Gresnbouse Experiment Ghowving the Simulated Rainfall
Applicator in Operation

10
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grams in eight gallons for 20" x 14" x 8" flats). The greenhouse spray-
er was equipped with a Spraying Systems 8002E nossle which applied one
inch of rainfall in 22 minutes (16 oscillations).

The first greenhouss trial during 1959 was divided into thsee
sections of five treatments of two replicates of a randomized block
design. The first and third sections were similar to the first experi-
meant during 1958-1959 end the second secticn was similar to the second
experiment. PFour pouunds of active ingredient of 50 percent wettable powder
of simazine weze used in all three secticns.

In the first section, five treatments wee used in which four
were sprayed with simsgine. The untrested flats and one treatment re-
ceived one inch of rainfall one day after the flats were treated with
simasine and one-fourth inch of rain semiweekly for four weeks. The
remaining three trestments received one-fourth inch of rain semiweekly
for four vecks except that one treatmsnt received one inch eight days
after simasine was applied, a second treatment received the one inch
15 days after application and the third treatment received the same
emount 22 days after application. 1In each case no rain was received
for a week after the one inch rain.

Section two vas similar to section one with the emception being
that one-half fnch of rainfall wvas applied at the sams dates instead
of one inch.

Section three was similar to section ome, bLut the flats were
four inches deeper (20" x 14" x 8%).

In the second greenhcuse trial during 1939, four pounds of active
ingredient of simazine wara applied in 10 treatmsnts of three
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replications of a randomized block design. ¥ive of the treatments % -
- ived one inch and five received one~half inch of rain seven days
before simasine application., An untreated check was maintained in
each rainfall level. Rainfall wvas received after applt :ation of sima-~
gine and was identical with the rainfall received in section one of
the first 1939 expeximent.

The third greenbouse trial in 1959 was divided into three sec-
tions of five treatments of two replicates of a randomized block. The
firet, second, snd third sections were eimilar to the first, second,
snd first sections of the first 1959 experiment, respectively, except
that the first section received two pounds of atrazine and the gecond
and third sections zeceived four pounds active ingredient of 50 per~
cent vettable powdeTr of atrazine per acre,

In each experiment the number of living plants was recorded at
weekly {ntervals beginning one week after simazine or atrasise applica~-

tion.

Pield

During the summer of 1959 four field experiments, called series,
were conducted. The greenbouse rainfall applicatox, as used in the
greenhouse trials during the fall of 1959, was wodified for applying
simulated rainfall in the field. 7The apparatus used for applying the
rainfall is shown in Figure 2.

The four series were laid out in a randomized block design snd
the chemical vas applied on May 27, 1959. The axperimental area vas ong
mile northeast of Brookings on Vienns silt loam which had a severe
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ek — R

The auxillary wmit in the foreground coutained a gasoline
engine povered water pump and a gemerstor. Ths genezator charged
two battaries which powsred a metor to osoillate tha three-nozzle
boom within the covered frame that prevented drift.

139574
SOUTH DAKOTA STATE COLLEGE LIBRARY
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foxtail infestation. The plot size was five fest by six feet with four-
foot alleys between teplications. As stand counts of the foxtail plants
were to be taken every week, a crop was not planted in the area. The
axperimental plot design of all serieca is shown in Pigurs 3.

The stand counts on all the field plots were made by couating all
tha living plants in thTiee cns-foot square areas. Thess counts wers
taken in Cthe approximete center of esch plot as Vigure 4 illustrates.

To prevent natural rainfall from falling on the erea, plots
vere covered during natuzal rains vith a four mil polysthylene plastic
sheot which was weighted dowa with rocks. 8ince plote were not covered
ezcept during aatural rains, the recorded temparature under the plastic
was very nearly the same as the air temperature and the effect of the
covering was considered negligible. Pigure 3 shows the covered field
plats just after a rain.

The sriginal four experiments were terminated at the end of 13
days as very few foztail plants had emevged in aither the treated or
the untreated plots and the effect of rainfall during the first weeks
could not be detected. The experiments wvere repeated on an area
adjacent to the original using the same techniques for counting, plet
design and nstural rainfall prevention. Hovever, the entire experi-
mental area vas seeded with 40 pounds of foxtail seed per acre. This
insured seedlings during the first veek .afur simasine applicatiea.

Series A wvas sprayed with two pounds per acre of simszing on
June 23, 1939. HNine ireatments were vsed in vhich eight were sprayed
with simasine. The untreated plot received one-half inch of rainfall
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Figure 3. The Experimental Field Plot Design Using
Nine Treatments Replicated Four Times
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the day the other plots were treated with gimssine snd one-fourth inch
of rain Mly fax four weeks. The remaining four pairs of treatments
were divided into four trwatments including imcorporation and four with«
out incorporation. Each pair received oue-fourth inch of rain semi-
weekly for four weeks except that one pair received one-half inch of
vain the day of application, a second pair received the cne-half inch
seven days after simaszine application, a thixd pair received one-half
inch 14 days after applicatios, and the fourth pair received the same
aaount 21 days after aspplicaticn. In each case no rain was received
for a week after the one~half inch rain.

The chemical was incorporated into the soil by disking twice
vith a five-foot disk operated at a depth of three to four inches.

Series B vas similar to series A except that one inch of xain-
f2ll was applied, on the same rainfall dates, instead of one-half inch
of rain,

Series C was mimiler to saries A excapt that four pounds per
acre of simagine were applied July 6 instead of two pounds per acre
Jeoe 23.

Series D was similax to series B except that four pounds per acre
of simszine were applied July 6 insteed of two pounds per acre on June
23.

On August 17, after completion of the fiald results, samples of
tha top four one-inch layexs of soil were nhn from each plot of series
D to study the depth of movement of simatine as indicated Dy damage to

a susceptible crop.
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The indicator plant used was Garry cats which gave 92 percent
gemination in germination tests. The various layers of soil were placed
in separate paper cups. Twenty oats seeds were plaented in each cup and
were thinned ¢o 10 plants per cup after 10 days. After 21 days the
oats vere barvested and the dry weight recorded for eeach cup,
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RESULTS

Moisture influeaced the effectiveness of pr s-emergence appli-
cations of simazine and atratine for foxtail control in greenhouse and
field experiments. Death of the plants was the criterion used to deter-
nine smount of control. Where applicable, data vere analyzed statisti-

cally by analysis of variance.

Greenhouse Experiments 1958-1959

The results of tha first greenhouse trial which included the
application of one inch of simulated rain at weekly intervals before
and after treatment with five pounds per acre of simazsine are given
in Tadble I. The analysis of variance of foxtail stand counts taken
21 days after simazine application is given in Table II,

8ixty to 100 percent control of foxtail was achieved with all
treatmcats. It was not directly established that mechanical incorxpora-
tion of simasine had any influence on the stand of foxtail. MNowever,
when the chemical was not incorporated, flats receiving rainfall after
simazine application contained significantly fewer weeds than those
receiving rainfall before chemical treatment, and those receiving rain-
£fall during the first 14 days after herdicide application contained
significantly fewer weede than those receiving rain 21 days after sima-
zine treatment, When the chemical was incorporated, on the other bhand,
there appeared to be little efiect on stend due to the date of rainfall.

The results of the second greenhouse trial whi<h included the

application of one-balf inch of simulated rain at weekly intervals before




TABLE 1,

THE MEAN NMRMBER OF FOXTAIL PLANTS ON FPLATS TREATED WITH FIVE POURDS PER ACRE OF SIMAZINE
AND ONE INCH RAIMNFALL BEFORE AND AFTER SIMAZINE APPLICATION

nent ok Y Baln ﬁ‘ﬂL’m Raint ain®/

no. (Inchas) (Inches)  (Iaches) (Inches) (1Inches)

¢/ o 1 /6 &1/4 179 /6 6 1/6 178 1/6 & 1/4 176
2 0 1 1/4 & 1/6 24 16 &1/6 16  1/6 &1/6 12
3 1 1/6 & 1/4 1/6 & 1/6 156 16 & 1/6 97  1/4 & 1/4 2
ae/ 1 1/6 & 1/4 1/6 & 1/6 147 V6 &1/6 &  1/6 & 1/6 30
5 0 1/6 & 1/4 '3 28 1/6 & 1/4 & 1k &1/4 0
¢/ 0 1/4 & 1/6 1 50 1/6 &1/6 10 1/6 & 1/4 0
7 0 1/6 & 1/4 1/6 & 1/6 163 1 67  1/6&1/4 4
8?/ 0 1/6 & 1/4 1/6 & 1/6 137 1 57 1/6 & 1/4 9
9 o 1/6 & 1/4 1/4 & 1/6 129 1/6 & 1/6 82 1 49
10%/ 0 VAGUA  ABTA 18 14sus 3 1 19

D S—
e e—

-m tr e ————————————————————— ——————————— ————]
Eain pre-treatment received one day bc!ore simazins was applied; first week -~ _day of, and four days
after application; second week -~ 7 and 10 days mfter application; third week -- 14 snd 17 days
after application; fourth week -- 21 and 24 days aftexr applicatioa.

b/ One inch rainfall applied first of two rainfall dates each week; 1/4 inch rainfall applied on each date.
&/ Masas of three replications taken 7 days after 1 inch rain.

d/ Untreated.

e/ Incorporated.

12z



TABLE IX. THE ANALYSIS OF VARIARCE OF FOXTAIL STAND COUNTS TAKEN TUENIY-ONE DAYS AFTER APPLICATION OF
PIVE POURDS PER ACRE OF SIMAZINE TREATED WITR ONE INCH OF RAIN AT WEEKLY INTERVALS

——— e
Sourcs daf B
Replication 2 23
Treatments 9 8,801
Incozporated and untrested vs. noniacorporated 1 10,4274»
Incorporated, rain before vs. other imcorporated 1 961
Incorporated, rain 2nd veek vs. incorporated, rain 3rd smd 4th week 1 392
Incorporated, rain 3zd wveek vs. incorporated, rain 4th veek 1 171
Untrested vs. nonincorporated 1 54,859%%
Noaincorporated, rain before vs. other noaincorporated 1 7,981%%
Nonincorporated, rain 4th week vs. noninmcorporated, rain lst, 2nd and 3rd week 1 4,181%%
Noaincorporated rain, lst and 2nd week vs. nonincorporated rain, 3rd week 1 7
Noaincorporated rain lst week vs. oonincorporated rain, 2nd week 1 228
Brror 18 &hl

"gignificant at 1% lewel,

[44



and after treatment with £five pounds per acre of eimaszine, are given
in Table III. The enalysis of variance of the foxtail stand count
taken 21 days after applicatien is given in Table 1V,

All trestments achieved 20 to 80 percent control of foxtail,
whea the chemical was not incoxporated, flats receiving rainfall before
or on the date of simszine application contained significantly more
weeds than otber nonincorporated treatments. No other significant
difference in stand was found among the treatments.

The third greenhouse trisl used CDAA in place of simaszine. This
chemical bhas & high vapor pressure and volatilised readily throughout
the entire gresnhouse areas. All plants, regardless of treatment, were
subsequently killed at emergence dus to thess vapors.

Field Experiments 1959

Series A Teceived two pounds of simasine per acre and the one-
half inch riinfall level at weekly intervals. The results of this
series are given in Tadble V. The analysis of variance of the foxtail
stand count taken 28 days after chemical application is given in Table
vi.

A significant ¥ value was obtained for treatments, but no sig~
aificant difference in stand was found betwesn the untreated and the
mean of trested plots. The incorporated plots contained a sigaificantly
higher number of plants than the plots which were not incorporated.

No significant difference among nonincorporated treatments was fovad,
but the incorporated trestment receiving rain the first wesek contained




TABLE III. THE MEAN NOMBER OF FOXTALL PLANTS ON FLATS TREATED WITH FIVE POUNDS PER ACRE OF SIMAZINE
AD ONE-HALY INCH RAINPALL BEFORE AND AFTER SIMAZINE APPLICATION
—— : S — o
_ T BN Py widiRl L PR,
a0, (Inches) (loches)  (Inches) (Inches) (inches
1 ) 1/2 1/6 & 1/4 268 1/4 & 1/4 268 1/4 & 1/4 268
2 0 1/2 1/64&1/6 206 1/6&1/4 180 V4 &l/6 179
3 1 1/4 & 1/4 1/4 & 1/4 173 1/46 & 1/4 139 1/4 & 1/4 135
a8/ 1 Ve &1/  14&1&E 126 1/6 &1/4 98 1/4 & 1/4 74
5 0 1/4 & 1/4 1/2 182 1/4&1/4 97 1/4&1/4 94
e/ 0 1/4 & 1/4 1/2 1%  1/4 & 1/4 82 1/4 & 1/4 75
? 0 /6 &1/6 1/6 &1/4 253 1/2 163 1/4 & 1/4 95
s/ o 1/6 & 1/4 1/6 & 1/6 195 1/2 105 1/4 & 1/4 8
9 0 1/4&1/6 1/6&1/6 15@  1/4 & 1/4 85 1/2 51
108/ 0 1/6&1/6 1/6&1/6 18 14 &1/4 130 1/2 95

a8/ Rain pre-treatment received one day before simazine was applied; first week -- day of and 4 days
after application; second week -~ 7 and 10 days after applicatiom; third week -- 14 snd 17 days

after application; fourth week -- 21 and 24 days aftex.
b/ One-half inch of rainfsll applied first of two rainfall dates each week; 1/4 inch rainfall applied

at each date.

g/ Means of three replicates taken 7 days after 1/2 inch rain.

d/ Untrested.
e/ Incorporated.

A {1
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significantly more plants than the incorporated treatment receiving rain
seven days later., Homever, this treataent contained only seven percent
less plants than the check, indicating that none of the treatments were
satisfactory. Figure 6 shows this lack of control as seen 60 days aftex
simasine application.

‘Theresults of series B which received two pounds per acre of
simagine and one inch of rain at weekly intervals, are given in Table
VII. The analysis of variance of the foxtail stand count taken 28 days
after chemicsl treatment is given in Table VIII,

Significance for treatments were obtained although no significant
difference in stand was found betwesn the untreated and the mean of the
treated. Series B, like series A, had a significantly greater stand on
the incorporated than the nonincorporsted plots. HRowever, none of the
treatments gave satisfactoty control. Only two treatments gave over
S0 percent control of foxtail, The chemical was not incorporated in
either of these two treatments. The better of these received one inch
of rainfall 14 days after application and gave 70 percent control. The
other treatment received one-half inch of rainfall 14 days and one imch
16 days after application, and gave 63 percent control. As shown in
Yigure 6, no difference was noticeable among treasted or betwéen treated
and the untreated plots 60 days after application.

Series C was devised in the event that insufficient chemical was
applied on series A to obtain adequate control. The results of this
experiment which received four pounds par acre of simasine and one~half
fach of rain at weekly intervals, are given in Table IX., The analysis



rigure 6. Field Plots Fifty or Sixty Days After Application
of Two or Four Pounds per Acre of Simazine When
One-half or One Inch of Rainfall was
Applied at Various Time Intexrvals



TABLE VII. THE MEAR WUMBER OF POXTAIL FLANTS ON SERIES B AFTER TREATMENT WITH TWO POUEDS PIR ACRE
0F SDMAZIRE A® ONE INCH OF RAINFPALL

=" b T <R ol

ment CountsS/ Count

no. (Inches) (Inches) (Inches) (1nches)

14/ 1 222 1/4 521 1/2 384 1/4 459
2 1 179 1/4 142 1/2 146 1/4 310
3¢/ 1 391 1/4 357 1/2 403 1/4 614
4 1/4 34 1 129 1/2 130 1/4 223
s8/ 1/4 0 1 473 1/2 482 1/4 640
6 1/4 25 /4 37 1 109 1/4 139
7o/ 1/4 1 1/4 163 1 477 1/4 482
3 1/4 20 1/4 54 1/2 111 1 170
g8/ 1/4 0 1/4 122 1/2 424 1 517

a/ Rainfall firet week applied day of and three days after treatment; second week -- 7 and 10 days
after treataent; third week =-- 14 snd 16 days after trestment; fourth week -- 21 days after
treatuent.

b/ One inch rainfall applied first of two rainfall dates each week with all treatments receiving
coe-half inch rain 14 days after; 1/4 inch rainfall applied second of two rainfall dates.

&/ Means of 4 replicates taken 7 days after 1 inch rain.
4/ Untreated.
e/ Incorporated.

ot
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TABLE IX, THE MEAN WMBER OF FOXTAIL PLANTS ON SERIES C AFTER TREATMENT WITH FOUR POUNDS PER ACRE
OF SIMAZINE AND ONE-HALY INCH OF RAINFPALL

T A AR T p— Xy

no.  (Inches) (Inches) (1aches) (Inches)

1Y/ 1/2 390 1/4 483 1/4 429 1/4 392
2 1/2 337 1/4 M 1/4 347 1/4 319
3¢/ 1/2 172 1/6 123 1/4 93 1/4 151
4 1/4 179 1/2 183 1/4 209 1/6 216
s¢/ 1/4 118 1/2 171 1/4 132 1/4 159
6 1/4 129 1/4 115 1/2 231 1/4 266
7¢/ 1/4 140 1/4 156 1/2 169 1/4 192
8 1/4 167 1/4 185 1/4 185 1/2 323
9e/ 1/4 90 1/6 60 1/6 92 1/2 111

8/ Rainfall first veek applied day of and three days after treatment; second week -- 7 and 10 days
after treatmeat; third wesk -- 14 and 16 daya after treatment; fourth veek -- 21 days after
treatment.

b/ One-balf inch rainfall applied first of two rainfall dates each week; 1/4 inch rainfall applied
second of two rainfall dates,

¢/ Meens of & replicates taken 7 days after 1/2 inch rain,

d/ Untreated.
&/ Inocorporated.

(4



of veriance of foxtail stand counts taken 28 days after simaxzine appli-
cation is given in Teble X.

The untreated plot contained significantly more plants than the
tzested plots. Plots in which the chemical was incorporcted contained
significantly fewer plants per plot than the nonincorporated plots.

Tha oonincorporated treatment receiving rainfall the first week resulted
in a significently lexger stand cour: than the nonincorporated treatment
receiving rain seven days later. No other significant differences in
stand were found sn series C.

Throughout the entire counting period, the incorporated treate
usnts gave better control than the nonincorporated treatments, dut
thess treatments gave a significantly lower cownt than the check. Al-
though the empunt of foxteil control was significant, the nonincorporated
treatments gave less than 51 perceat control. All incorporated treat-
amts gave more thaa 50 perceat control at the end of 28 days with
their average control being (9 perceat. Howeve~, there was little con-
trol noticeadble 50 days after application, as Figure 6 illustrates.

Series D received twice as much chemical as series A and B and
received twice as much rainfall as series A and C. This series ra-
ceived four pounds per acre of simazine and one iach of rain at weekly
intervals and shomld therefore give the bast control. The results of
this series are givem in Tsble XI. The snalysis of variance of the
foxtail stand counts taken 28 days after simazine application are given
in Table XII.

All plots which vere {ncorporated contained fewer weeds than ths
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TABLE XX. THE MEAN NMBER OF FOXTAIL PLANTS ON SERIES D AFTIR APPLICATION OF FOUR POUNDS PER ACRE
OF SIMAZINE AND ONE INCH OF RAINFPALL

:::::. Ra : %:y _ﬁﬂ Countss/ ﬁ#&. Countes/ uw

no. (Inches) (Inches)

14/ 1 582 1/4 S04 1/4 524 1/4 585
2 1 592 1/4 400 1/4 382 1/4 378
3¢/ 1 252 1/4 206 1/4 176 1/4 199
4 1/4 523 1 447 1/4 328 1/6 3%3
se/ 1/4 311 1 254 1/4 186 1/4 187
6 1/4 390 1/4 s28 1 504 1/4 540
2/ /6 385 1/4 350 1 335 1/6 356
8 1/4 411 1/4 428 1/4 397 1 494
o8/ 1/4 293 1/4 265 1/4 239 1 327

&/’ Rainfall first week applied day of and three days after treatment; second week -- 7 and 10 daye
after trestmeat; third week -- 14 and 16 days after treatment; fourth wveak -- 21 days after
treatmaat,

b/ One inch rainfall spplied first of two rainfall dates each week; 1/4 inch rainfall applied second
of sach rainfall date.

¢/ Heans of & replicates takan 7 days after 1 inch rain.

4/ Untreated.

¢/ Incorporated.

113
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nouincorporated and the untrested plots. However, both the noaincor-
porated snd {ncorporated treatments which received one inch of rain
eitber the day of chamical treatment or seven days later, gave batter
control than the similar treatments which received one inch of rain
either 14 or 21 days after simazine application. All nonincorporated
treatments gave no signiff{cant difference in stand from the untreated
plots.

The best control, 67 and 69 percent, was echieved dy the in-
corporated trestments which received ome inch of rain the day of
chemical applicstion, or seven dsys later. At the end of 50 days,
however, this amount of sentrol was unmoticesble as Figure 6 1llus-
trates.

In a fifth expertmsnt CDAA was applied pre-emergence instead of
simazine. Four pounds per acre of CDAA were applied to the experimental
azea May 27. Variocus rates of rainfall and dates of application were
planned for this experiment, but the plots were mot covered that eve~
ning and by moruing, 0.89 inch of natural reinfall had fallen on the
eutire srea. Only one stand count vas taken which was 12 days after
‘application. This count indicated that over 90 percent of the fox-
tail plants were killed in the area in which the chemical was not in~
coxporated into the soil, but less than nine percent were killed on
the area in which the chemical ' vasincorporsted intoc the soil. The
sverage stand counts of the untreated, incorporated and nonincorporated
trestmants are given in Tadble XIII.

The coutrol of grassy weeds in the nonincozporated area of




experimen: five was noted throughout the entire growing secsom. How-
eve, CDAA did not countrol the other weeds on thcse plots and by
harvest the plots had an abundance of mustard, Russian thistle sad
kochia growing on them. Tha imcorporaced plots coritained a Canse
growch of foxtail plants which probadbly prevented all other plants
from growing. Figure 7 shows the contrast between :he incorporated
area vith only foxtail plcats and the nonincorperated ares with few
foxtail ;iants bul an ebundance of cther veeds. This contrast be~
tween the {ncorporated end nonincorpcrated plots was also noted on
simazine experiments which were abandoned due to Lunsufficient weed
emgsgence 12 days after chmmicsal treatment. Y) stand counts were
tsken, but Pigure 8 illustrates the same trend as was observed in the
CDAA axperiment,

Afte: five inches of rainfall bed fallen, samples of the top
four cume~inch layers of soil were removed from all plots of cne
replicate of series D. The dry weight of oats grown on these layers
in the greenhouse are given in Table XIV. The oats grown on the
upper two one-inch layers of simazine treated coil died, but tha%
grovn on the lower two one-inch layers gave approm'‘mately the same

yield as the untreated. This indicateud thez the five inches of rain-
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fall vhich had fallen had not moved the chemical below a two-inch depth.

Greenhouse Experiments 1959

The objectives of the 1959 erperiments were to expand upon the
1953-1959 greenbouse results using conditions similar to %ield




Figure 7. Weed Stands on Plots Ninety-five Days After CDAA
Application with Mechanical Incozperation (center)
and No Incorporation (left and right)
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Figuze 8. Weed Stands ou Plots Nosty-five Days After
Simaning Application with Mechanical lncorporation
(center) and No Incorxporation (left and right)
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TABLE XIII. THE MEAN NUMBER OF FOXTAIL PLANTS IN PLOTS OF UNTREATED,
INCORPCRATED AND NONINCORPGRATED TREATMENTS TAKEN TWELVE DAYS
AFTER 0.89 INCH OF RAINFALL HAD FALLEN ON THE ARRA WHICH
WAS TREATED WITH FOUR POUNDS PER ACRE OF CDAA
JUST BEFORE THE RAIN

Treatment Stand counts®/
Untreated 2,424 plants
Incorporated into soil 2,212 plants
Nonincorporated into soil 106 plants

2/ Yoxtail plants per thres square feet.

TABLE XIV. THRE GRAM WEICHT OF TEN GARKY OATS PLANTS WHICH WERE GROWN
ON POUR ONE-INCH LAYERS OF SOIL WHICH WAS TREATED WITH FOUR POUNDS
PER ACRE OF SIMAZINE FORTY DAYS RARLIER

Treatment Depth of Sample Rsplicate 1 Replicate 3
in inches

No simazine 0-1 0.197 0.198

No simazine 1-2 0.206 0.205

No simazine 2-3 0.200 0.200

Mo gimagine 3-4 0.236 0.235

Treated soil 0-1 0.018%/ 0.026%/

Treated sofl 1-2 0.0868/ 0.0592/

Treated soil 2-3 0.237 0.238

Treated soil 3-4 0.241 0.242

—_— —

a/ All 10 plants were dead by harvest.
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conditions ead to gain some preliminayxy information about atraszine.

The results of the first experiment which received four pounds
per actre of simagine snd omns or one-half inch of rain at weekly inter-
vals, are given in Table XV. The analysis of variance of foxtail stand
counts taken 29 dsys aftex spplication of simasine are given in Tadble
VI,

When one-half inch of rain was received, mo significant difference
in stend from the untreated occurred. However, one replicate of the
treatwent receiving one-half inch of rain one dsy after application
gave 94 percent cuntzol. These treatmsnts were less effective then
those vhich included one inch of raia,

One imch of rainfall 1, 8, or 15 days sfter trestment with sima-
zine gave emcellent coatrol of foxtail. However, rain one or eight
days after treatment gave bettsr control than that received 15 days
after application. The f£lats receiving rainfall 15 deys after appli-
cation required a longer time interval to give control than the flate
receiving rain 7 or 14 days earlier. The foxtail plants growing in
flats four inches deep which received one fnch of rainfall 21 days
after simazine treatment were not injured.

All treatments on eight-inch desp flats achieved 80 to 100 per-
cent control. However, f£flats that received one inch of rain 1, 8, or
13 days after simaszine treatment contained significantly fewer weeds
than those which received the same amouat 21 days after treatment,

The treatnents on these eight-inch deep flats vere, in general, more
effective than the same treatments on the four-inch deep flats.




IAPLD AV. (15 NUAAN UIFMDER UF FURIALL FTLATMIO URN FlAl0 ABAIZYD Willl FUUK UUMWO TEK aLlE UTY seimspy

ARD VARIOUS RAIMNFALL TREATMENTS AFTER APPLICATION

T S — L Ap— T M

29 (Inchas) (Inches) (Inchu)_ (Inches)
1/ 1 1,102 1/661/6 1,50  1/6&1/6 1,260  1/6 & 1/6 1,266
2 1 76 1/4 & 1/4 19 1/6 & 1/4 10 1/64&1/6 20
3 166 1/4 1,210 1 1,270 1/6 & 1/4 27 k&l 3
5 /6 &1/6 1,56 b &1/6 1,286 1 818 1/6&1/6 290
S 1/64 & 1/4 1,330 1/4 & 1/4 1,079 1/6 & 1/4 1,014 1 1,094
&/ 1/2 1,383 1/6 6 1/6 1,255  1/6&16 1,206 1/6 &1/6 1,25
1 12 1,647 se1/h IO 1/6 & 1/4 699 1/6&1/6 680
8 1/6 & 1/6 1,437 1/2 1,322 1/661/6 1,221 1/6&1/6 1,210
9 1/6 & 1/64 1,802 /4 &1/4 1,262 1/2 1,261  1/6 & 1/4 1,210
10 1/6 &6 1/64 1,387 1/6 &1/4 1,29 1/6 & 1/4 1,275 1/2 1,224
1 1 1,802 16 &1/6 1,39 e el/e 1,350  1/4 &1/4 1,337
1 571 1/4 & 1/4 2 1/6 & 1/ 1 1s&1/6 2
1w 1se1/4 1,300 1 780 1/6 & 1/4 s 1/6&1/6 48
WY sk 1,73 1/4 & 1/4 137 1 70 1/6&l/6 5
¢  Ues1/4 1,614 VAG1/6 81 LAGLA 470 1 257

8/ Rainfall first week applied 1 and S days after trestment; second week == § and 13 days after
trestment; third veek -~ 135 and 19 days after trestment; fourth week -~ 22 end 24 dsys after
trestaent.

b/ Ooe inch or 1/2 inch rainfall applied first of two rainfall dates each week; 1/4 inch rainfall
applied at each date,

g/ Means of 2 replicates taken 7 days after 1 or 1/2 inch rain,
4/ Untrested.

¢/ Flats 8 inches deep.



TABLE XVI. THE ANALYSIS OF VARIANCE OF FOXTAIL STAND COUNIS TAKEN TWENTY-NINE DAYS AFTER APPLICATION
OF FOUR PCUNDS PER ACRE OF SIMAZINE ON FOUR~ ARD EIGHT-INCH DEEP FLATS WHICH
RECEIVED VARIOUS RAINFALL TREATMERTS

Analysis for four-inch deep flats receiving ons inch of reinfall at seven-day intervals

Scuzrce 4t us
Replication 1 16,213
Treatments 4 712,602%¢
Untrested vs. all others 1 1,316,238%
Rain 4th week vs. rain lst, 2nd, and 3rd veek 1 1,440,600%
Rain 3rd veek vs. rain lst and 2ud week 1 93,457%%
Rain lst week vs. rain 2nd veek 1 110
Exror 4 2,901
Analysis for four-inch deep flats receiviog ocue-half iuch of rainfall at seven-day imtervals
Soszce . df MS
Replication 1 85,748
Treatnents & 119,605
Error 4 199,609
Analysis for eight-inch desp flats receiving ons inch of rainfall at seyen-day intervals
Source [} 4 Hs
Replication 1 1,255
Treatwments & 639,514%%
Untreated vs. all others 1 2,481, 5340
Rain 4th wvesk vs. rain lst, 2nd and 3rd wveek 1 72,930*
Raja 3rd veek vs, rain lst and 2nd wveek 1 1,519
Rain lst week vs. rain 2nd week 1 2,070
Error 4 6,567

* Significant at 5% level.
*#8igaificent at 1% level.
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‘the resclts of the seccnd greechouse trial in which rainfall was
applied before simazizie applicativn are given in Table LVI1. They in-
dicate that all treaimsnts killed 100 percent of the weeds regsrdcless
of the emount of rain received after chemical treatmcat. Figure 9 shows
these flats 10 days afCer trea‘ment.

The flats receiving only one-hslf inch of i‘ainfall seven days
be“ore simazine cpplication showed no contrxol of foxtail plants. This
amount of rainfall did, however, stunt the £oxta’l plants for a short
wikile. A second vne-half tach of rainfall seven days after chemical
trcatment actually reduced the stand. Pigure 10 shows the stunted
pionte at 1) days afisr simazime Creatmant. By 20 days alter simasine
treatment, these stuaced plants had fully recovered and were the samg
size as the check.

In the third greenncuse trial dvuring 1959, flats received two
or four pounds pal acre Oof atrazine and one or cne-half inch of rain
at weekly intervals. The results of this investigation are given in
Table XVIII. The analysis of variance of Che foxtail counts teken 35
cays alter application for twvo pounds par acre of atrazxine end oné inch
of vain is given in Table XIX, four pounds and one inch in Table XX,
and four pounds and ona~half ‘nch im Teble XXI.

The final couant showed that all the flats receiving two pouads
per ecre of afzauine and one inch of rain contained fewer foxtail plants
than the untreated flets. The flats which raceived rainfall cae oF
eight days after atrasime apvlication had an equal aumbes of weeds,

Y2 the mmber was sigonificantly lower than that of flats which received

reinfall 135 or 22 days a’ter appliceticn. The trec~ment which did not




TABLE XVII. THE MEAN NMUMBER OF FOXTAIL PLANTS ON FLATS AFTER APPLICATION OF FOUR POUNDS PER ACRE
OF SIMAZINE WHEN RAINFPALL WAS RECEIVED BEFORE AND AFTER APFLICATION

no,
12/ 1 1 1,425 /4 1,283 1,283
2 1 1 374 1/4 55 0
3 1 1/4 713 1 30 0
4 1 1/4 465 1/4 56 0
5 1 1/4 496 1/6 43 0
62/ 1/2 1/2 1,368 1/4 1,169 1,169
1/2 1/2 1,879 1/4 205 205
8 1/2 1/4 1,181 1/2 1,266 1,244
9 12 1/4 1,317 1/4 1,518 1,518
10 1/2 1/4 1,259 1/4 1,34 1,344

4/ Pre-treatment rainfall applied 7 days bdefore treatment; first week -~ 1 and 4 days after treatment;
second week -- 8 and 13 days after trestment; third week -- none applied.

b/ All flats uniform in stand. Counts not taken.

¢/ One inch or 1/2 inch rainfsl] applied first of two rainfsll dates each week; 1/4 inch rainfall
applied each of two rainfall dates each week.

4/ Means of 3 replicates.
&/ Untreated.

9
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Figuze 9. Bimasing Txested Flats Stwwing Dead Foxtail Plants
Which Received One Iach of Rainfall Seven Deys
Before Trestmsnt (the check is in the
upper left coxaer)
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Pigure 10. Simasine Treated Flats Showinz Stunted Poxtail Plants
wich Received Oune-half Inch of Raini'all Sgven Days
Jefore-Txeatment (the check is in the

upper left coroer)



TABLE XVI1I.

ACRE OF ATRAZINE AND VARIOUS RAINFALL LEVELS

THE MEAN MRMBER OF FOXTAIL PLANTS ON FVLATS AFTER TREATMENT WITH TWO OR FOUR POURDS PIER

e~ L] = = P e —— e — S — =
- ryees = e~ -ﬂ#ﬂ
no. (Inches) (Inches) (Inches) (Inches) (Inches)
12/ 1 1/8 & 1/8 1,423 1/8 &1/8 1,084 1/8 & 1/8 1,162 1/8 1,097
2t/ 1 1/8 &1/8 139 1/8 &1/8 11 1/8&1/8 16 1/8 16
st/ 1/3&1/8 1 1,116 1/8 & 1/8 18 1/8&1/8 18 1/8 15
& 1/8&1/8 1/8&1/8 1,410 1 972 1/8 & 1/8 199 1/8 72
s/ 1/861/8 1/8&1/8 1,408 1/8 &1/8 1,05 1 902 1/8 875
¢ 1/8&1/8 1 1,440 1/8 &1/8 1,220 1/8 & 1/8 1,343 1/8 1,209
7 1 1/8&1/8 110 1/8 &1/8 63 1/8&1/8 66 1/8 63
8 1/8 & 1/8 1 955 1/8 & 1/8 8 1/8&1/8 s 1/8 4
9 1/8 &1/8 1/8 &1/8 1,285 1 2%9 1/8 & 1/8 21 1/8 10
10 1/8&1/8 1/8&1/8 1,395 1/8 & 1/8 655 1 572 1/8 96
nY 1/3&1/8 1/8&1/8 1,458 1 1,327 1/8 & 1/8 1,306 1/8 1,290
12 1/2 1/8&1/8 1,232 1/8 &1/8 492 1/8& 1/8 351 1/8 340
13 1/8 &6 1/8 1/2 999 1/8 & 1/8 67 1/8 & 1/8 83 1/8 72
14 1/8 &1/8 1/8 & 1/8 1,412 1/2 594 1/8&1/8 80 1/8 51
15 1/861/8 1/8&1/8 1,39 1/8 &1/8 1,077 1/2 1,048 1/8 246
8/ Rainfall first veek spplied 1 and 4 days after treatment; secoud veek -- 8 and 13 days after
treatmant; third veek -- 15 and 20 days after treatment; fourth week -~ 22 and 26 days after

treatment; fifth wveek -- 32 days after treatment.

b/ All flats uniform in stand.

g/ One-half ineb or 1 inch of rainfall applied first of two rainfall dates each week; 1/8 inch of

rainfgll applied sach of two rainfall dates each week.
4/ Maans of two replicates taken 7 days after 1/2 inch or 1 inch raia.

days after applicatiom.
g/ Untreated.

£/ Treated with 2 pounds per acre.

7ifth veek counts taken 35
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RECEIVED AT WEEKLY INTERVALS

ATRAZINE WHEN OME INCH OF RAINFALL
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TABLE XIX.

ll

QQQQQQ

ﬁﬁﬁﬁﬁﬁﬁ

*igignificant at 1% level.

AYTER APPLICATION

UEEXLY INTERVALS

STAXD COURTS TAKEN THIRTY-FIVE DAYS
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at 11 level.

*gignificant
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receive rainfall until 22 days after application gave significantly lass
control of foxtail than the treatment which included rainfall 15 days
after application,

The flats which received four pounds per acre of atrasine and
one inch of rainfall at varying time intervsls, showed a high percentage
of weed control. There sppeared to be no differences due to the date
that the rainfall was received.

The flats which received one-hsalf inch of rainfall and four
pounds per acre of atrasine did not show any significant differences
in etand until the fourth week. The emount of countrol on these flats
before this count was so variadle betwsen replicates and between
treatments that the experimental error was large enough to render all
treatments insignificent. Bovever, the fifth week count showed that
all flats contained fever weeds than the untrsated snd that no difference

in stand occurred among treatments.



DISCUSSION

The greenhouse trials conducted during 1958+1959 indicated that
one inch of rainfsll received before simaszine application or within 21
days aftervards, gave good control of foxtail with or without machanica
incorporation pf the chemical. Huwever, without incorporation, treat-
agnte receiving rain within 15 days after application of the chemical
gave better coutzol. One-half ineh of rainfall gave peor control when
the chemical vas not incorporated and gave only fair control vhen it
vas incorporated.

The greenhouse triale during 1959 did not include mechanical in-
coxrporation of the chemical. It was poetulated that the effectiveness
of simezine would vary if the foxtail seeds were mized thoroughly
throughout the soil in the flats instead of being planted at s depth
of two inches as was done in the 1958-1939 experiments. These 1959
trials indicated that the depth of the seeds had no effect upomn the
amount of ceuntrol vhen one inch of rainfall was received withim efght
deys after simaszine application. BHowever, this amount was satisfactory
but less effective vhen spplied 15 days after chamical application and
less effective than the 19358-1959 treatment which included one inch
15 days after application with the weed seeds planted at a two-inch
depth. Treatments including rainfall 21 dayas after simazine applica-
tion gave no conmtrol in 1959, while goed control was achieved during
1958~1959. The treatmgnts Teceiving one-half inch of rainfall in 19358~
19359 gave essentially the sams results as those which received this
emount in 1939. Both of these one-half inch trials gave unsatigfactory
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control.

The 1939 flats which received one-half inch of rainfall seven dsys
before and again ons day after simazine application, geve emcellent con-
txol of foxtail. VPYoxtail plants which received one ;nch of rainfall
before simasine trestment were desd 10 uya after application.

The field results, howvever, did not completely support the green-
house data, Throughout the entire groving season neither two nor four
pounds per acre of simazine gave over 75 perceant control of foxtsil. By
barvest time no control was moticeable. This lack of control may have
resulted from the sffect of the plastic sheet covering the plots during
rains or resulted from the difference im climatic conditions between
natural and artificial rainfall. The plots were covered only during
natural raine and the temperature under the covering did not differ from
the air temperature by more than a few degrees, but the climatic con-
ditions under which artificial rainfall were applied were vastly differ-
ent from natural conditions. The temperature was higher and the humidity
lower when artificial rain was applied than vhien natural rains fell.

The simulated moisture, therefore, evaperated much more quickly than
under natural conditious.

Although the field sxperiments did not follow the greenhoese ex-
periments entirely, the greenhouse results are in close agreement with
those reported by Derscheid (8), l‘rnu;n (10) and Schneider (18). Other
experimentsl conducted under natural conditiens in the same field as the
field exparimsnts gave the type of results that the greenhouse trials

——

perscheid, Lyle A. Unpublished data. 1959,



indicated. Therafore, becsuse of the artificial environment, these field
results may not be significant,

To obtain satisfactory control of foxtail with thg use of simaxine,
it sppeared necessary to have one inch of rain shortly before chamical
spplication or within three waeks and preferably within two weeks after-
wards. It is possible that moisture exerts its influeuce on the chemical
in at least one of thres ways: (1) by lesching it into the soil, (2) by
kesping it in solution in the soil so that it may be absordbed by plant
roots, or (3) a combination of both.

Flats vhich received one inch of rain before application of sima-
sing had almost 100 percent control of foxtail, indicating that simazine
diffused into the soil along & concentration gradient -- the highsst
concentration being at the surface.

Plants vhich received only one-half inch of rainfall dbefore chemi-~
cal application showed chemical imjury but recovered. It is possible
that this wvas insufficint moisture to leach a toxic smount of the cbem-
ical into the root sone. It is also possible that as the soil became
dry, the moisture wes insufficiemt to hold the chemical in solution for
sbsorption by the roots. The first possibility seems more plausible
a9 subsequent moisture caused the wilted plants to become turgid and re-
cover. If toxic emounts of the chemical bhad been in the root zone, one
would expect additionsl injury.

Likevise, mechanical imcerporation improved the results both in
the greenhouse and vith the higher rate of chemical in the field, in-
diceting that water served as the wvehicle for moving the chemical into
the soil.
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It would appear that mechanical incorporation of the chemical could
replace rainfall for moving the chemical into the soil. However, the
poor field results were attributed to hot, dry conditions at the time of
simulated rainfall and drier soil than under natural rainfall conditions.
Thetefore, it would seem that mechanical incorporation would replace
rainfall only under adequate soil moisture conditions.

Although the results of this study and those of other workers (8,
10, 18) indicate that rainfall should be received within three weeks
and preferably within two weeks after chemical application, the need
for receiving rain at this early date is not clear. It is reasonadble
to believe that foxtail plants become more tolerant with age and that
the normal smount of chemical applied pre-emergence in corn is not
adequate to control these older plants. This is partially substaentiated
in this study by the fact that the longer the rain was delayed after
chemical application the longer became the time interval required to
give control.

It becomes apparent that this chemical is useful when applied
pre-emergence for control of annusl weeds in corn in areass vwhere rain-
fall is adequate end timely. In subhumid areas such as South Dakota,
its usefulness is limited. Rainfall data for the years 1950 to 1959
indicate that the chemical would have been effective six years out of
the ten at Brookings, five or six years at Canton, three to five years
at Gettysburg, four to six years at Menno, five or six years at Red-
field, and four or five years at Watertown.

Atrazine applied at the four-pound rate gava excellent results

vben as little as one~half inch of rainfall was received one, two, or



three weeks after chemical application, indicating that less moisture
is needed to activate this chemical. This would seem logical as atra-
sine is 14 times (70 vs. 5 ppm) more water soluble than simazine. It

would appear that atrazine would be more useful in subhumid areas.
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SUMMARY AND CONCLUSIONS

Experiments were conducted in 1958 and 1939 to determine the
effect of rainfall upon the control of foxtail with simazine and
atrasine., Two rates of rainfall were used in the greenhouse and in the
field with two rates of the chemicals. Rainfall was applied at various
times ranging from seven days before application of the chemicals to
as late as 21 days after application of the chemicals. The effect of
the rainfall was determined by reduction in stand of foxtail plants.

The following conclusions were derived:

1. Water serves as the vehicle by which simazine, and probadbly
atrazine, moves into the soil, In wet soil this movement is along a
councentration gradieut while in dry soil it is by leaching.

2. Pre-emergence applications of four pounds per acre of simazine
are sffective for controlling foxtail if the chemical is applied to
wet soil, or if one inch of rain falls within 15 days after chemical
application, or if one-half inch falls within one or two days after
application. PFair to good results sre obtained when one inch of rain
falls during the third veek.

3. Proper mechanical incorporation of 'the chemical reduces the
need for rainfall 1if soil moisture is adequate but is not a complete
substitute.

4. Simazine moves dowvmward in the soil very slowly. In Vieana
silt loam, five inches of natural rainfall moves toxic quantities to a
depth of two inches.

5. Atrazine is more soluble in water than simazine. Pre-emergence



applications of two to four pounds per scre are effective for controlliag
foxtail if one~half inch of vain falls within 15 days after chemical
application, Fair to good results are obtained vhen similar amounts of
rain fall within the third week.
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