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Introduction

In most of the published literature on the eradication
of noxious weeds with chemical sprays, scant consideration has
been given to the possibility that the chemicals might have a
deletcrious effect upon the soil and therefore upon the suc-
ceeding crop growth, Tihe majority of the previous work deals
with the effectiveness of the various chemicals as weed de-
atroyers, the rate of application, and the time of applying,

Statements have been made to the effect that the sofl is not
injured or that the injury is only temporary, These state-
ments have been made with little or no proof except for the
work of Aslander (1) who reports that an application of herbi-
cides in the fall had no influence on the ammonification and
nitrification processes in the soil the following spring and
Latshaw and Zahnley (9) who report a good growth of wheat on
soil where three applications of sodium chlorate had been made
the year preceding seeding.

Scme chemicals, such as common salt and erank case oil,
have a deleterious effect on the soil winich lasts for an in-
definite period, Other chemicals, such as, sodium arsenite,
iron sulphate, copper sulphate, corrosive sublimate, carbolie
acid, and sulphuric acid, have certain undesirable character-
isties which prevent their use as herbicides, At present,
chlorates are increasing in use as weed eradicators. Since it
has become an established fact that chlorates can be success-

fully used as a means of eradicating noxious weeds, the question






naturally arises, what toxic influence, if any, do these
chemicals have upon the succeeding crop growth? This is

a vital question because of the economic importance of the
land. If the soil is rendered umproductive for an indefinite
period, the use of chlorates would not be practical as a
means of eradicating weeds,

In the present study sodium ochlorate, (NaClOs),
magnesium chlorate, }g(Cl0z),, and "Atlacide", a cormercial
compound consisting approximately of 60 percent sodium chlorate,
39 percent calcium chloride, and 1 percent zine chloride were
used, The work was undertaken with tne object; first, to
deternine if tiere is a toxie influence upon crop growth from
applying chlorates to weeds; second, to determine how long the
residual influence lasts; taird, to determine t.ae movement of
the chlorates tarough the soil; and fourth, to make a study

of tie toxicity of chlorates upon different crop plants,






Review of Previous Investigations

Many vorkers have reported on the eradication of noxi-
ous weeds with chlorates, However, most of the work deals with
tae effectiveness of the different chlorates, the best time to
apply, and the rate of application,

Aslander, A, (1) oconducting experiments on the eradi-
cation of Canada thistle, (Cirsium arvense), states that the
effectiveness of chlorates is due to their rapid penetration
through soil and their slow decomposition, especially at low
temperatures. The disapperance of chlorates under field
conditions is not wholly due to leaching. In soil kept at
30° C. (NaClOz) decomposed markedly during 10 weeks, Barley
planted 10 weeks after the shlorate was applied grew to full
size while that planted earlier died. Sodium thioecyanate,
and to a greater extent sodium cyanide, decomposed so rapid-
ly in tiae soil that no harm was done to Canada thistles under
field conditions., An application of sodium chlorate in late
autumn killed tae Canada tiistles and did not injure the oats
thiat were sown on the plats tie following spring,

Latshaw, VW, L, and Zahnley, J. ¥%W. (9) report that
sodium chlorate applied in amounts necessary to kill bindweed
does not have an injurious effect on tae soil, A slightly
injurious effect upon plant growth may be observed on crops
seeded very soon after applying sodium chlorate, but this is
only temporary. They state that a crop of wheat grown on

plats which had been spreyed three tines the year preceding,
gave a yield of 27 bushels per acre, Salt applied on land



infested with bindweed at the rate of 20 tons per acre will
kill practically &ll the bindveed plants, Salt is too expen-
sive to use over large areas amd it also ruins the land for
‘an indefinite period.

Rogers, C. F. and Hatfield, I. (11) report that carbon
disulphide, as a chemical spray for eradicating weeds, does
not have an injurious effect upon the soil, To the contrary,
it has a tendency to stimulate crop growth after tie temporary
effect is over., Tie temporary poisonous effect lasts for only
a few weeks,

Latshaw and Zaunley (8) oconducting experiments with
sodium chlorate and other chemicels for the eradication of
field bindweed found that soils that had been treated with
herbicides contained nitrates to a depth of seven inches,
These samples of soil were incubated and additional nitrates
were formed, showing that bacterial action had not been seri=
ously interferred with by the various treatments, Two of the
plats on whiech bindweed had been killed by sodium chlorate,
were sown to wheat in September 1926, This erop made a nor-
mal growth tnrbughout the.fall end came through the winter in
excellent condition., So far as could be observed the sodium
chlorate had no deleterious effect upon the growth of the
wheat. Therefore, we may conclude that no permanent detrimental

effest upon the soil is noted,






' In an experiment conducted for the purpose of de-
termining the effectiveness of sodium chlorate, potassium
chlorate, and sodium arsenite on Canada thistle Aslander (2)
found that the chlorates were very effective - the larger
amounts killed the Canada thistles completely. The grorvth
of annual weeds on the plats seemed to indicate that the
polisonous action of tlie applied chemicals was only of a short
duration,

Hawkins, R. S. (4) states that hydrocyanic acid, if
present in the soil solution in a concentration of one part
per million or more would, quite likely depress growth in
most plants,

Willard, C. J. (12) states that sodium chlorate does
not sterilize tue soil, IZven after heavy sprayings crops
can be grown within a year and sometimes within a month,

A considerable decrease in the yield of oats is re-
ported by Harper (6) on areas that had been sprayed twice
with sodium chlorate at the rate of 100 pounds per acre in
tae summer and fall preceding planting, He states that the
decomposition of chlorates is probably complete after a
week's time under favorable moisture conditions and summer
temperatures, consequently the toxic effect could hardly be
due to sodium chlorate since several months had elapsed
between the time the last spray was applied and when the oats
were planted, The decrease in the yield of oats was probably
due to a retarding action that sodium chlorate has upon the

nitrification of compounds of organiec and inorganic nitrogen,
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Hulbert, H. W., et.. al. (7) states that 15 pounds of
sodium chlorate per square rod immediately surrounding a
prune tree did not prove fatal under irrigation. The leaves
turned yellow and the fruit dropped off before maturity one
year after the treatment was made, The following year the
tree appeared normal. In irrigated areas, grain crops seed-
ed tue spring following chlorate treatments turn yellow, The
first applicat ion of water usually restores them to normal
growth, In rainfall areas, treated patches sometimes show
the effect of the echlorate treatment throughout the subse-
quent season, Such damages are apparent only in seasons vhen
winter precipitation is not sufficient to wash the chlorate
from the soil, There is no permanent damage to the soil
by the application of chlorates in the amounts recommended
in Idaho,

Hansen (5) states tnat crab grass, orcherd grass, and
other vegetation appeared within a month on an area that was
sprayed with sodium chlorate at the rate of one pound per
five square feet, indicating thaet the chlorate does not
injure the soil.

Acoording to Latshaw and Zahnley (10) magnesium and
caloium chlorate will be more effective within a wider range
of weather conditions than sodium chlorate. This is beocause
of the fact that magnesium chlorate normally carries six and
caloium chlorate two molecules of water of orystallization,,
while sodium chlorate forms an anhydrous salt, There is also
the danger of a fire hazard from sodium chlorate when it comes

in contact with organic material.
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Materials and Methods

Field York

In 1928 Megee conducted experiments on the eradica-

tion of quackgrass, Agropyron repens (L) Beauv. with sodium

chlorate, (NaClOs) and magnesium chlorate,(mg(SIOg)z). The
object of these experiients was to study the relative
effectiveness of the chlorates wien applied at different
rates and at different times of the year, Complete eradica-
tion of the quackgrass resulted where applications of 200
and 300 pounds of chlorate per acre were made, In the
spring of 1929 it was thought desirable to continue these
experiments, together with an additional experiment with the
object of studying the residual effect of the chlorates upon
the soil and hence upon orop growth,
The experiments were conducted under the following
divisions:
1. Chlorates applied in the early spring, the land
plowed, the seed bed prepared, and the orops planted
during the late spring, summer, and fall months of the
saile season,
2. Chlorates applied in vﬁried numbers and rates of
application during late summer, The following
season the land spaded and corn planted to determine
the residual influence of chlorates,
3., Chlorates applied in the spring, land not plowed,
and the residual influence determined at various

soil depths,

4. Chlorates applied during late summer and corn, beans,






potatoes, and buckvheat planted the following
season to determine the residuel influence of

chlorates,

Chlorates Applied During the Spring,
the Land Plowed, the Seed Red Prepared, and the Crops
Planted During the Late Spring, Summer and Fall !"onths

of the Same Season.

In April, 1929, a field on the college farm was se-
cured for this experiment., This field had been in pasture
and at that time had a dense sod of quackgrass, The soil
was of a Hillsdale Clay loam type and of fair drainage, Plats
1/30 of an acre in size were laid out in four series, five
plats to the series. TFach series of plats received a
different trcatment of Atlacide. Tie applications were made
with a three gallon knapsack compressed air sprayer at ten
day intervals, The quantities of Atlacide used ranged from
150 pounds per acre to 375 pounds per acre, The applications
were made in aoccordance wita a certain scheme which enabled
the crops that were to be planted to form a checker board
condition with the different rates of application, Series
one was left as a oheck, series two received one application
of 150 pounds Atlacide per acre on April 15, series three
received two applications of 150 pounds atlacide each per
acre on April 15 and April 25, series four received three

applications of which the first was 150 pounds, second 150

pounds, and the third, 75 pounds of A tlacide per acre on
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April 15, April 25, and May il, respectively.,

After all applicetions were completed, tie soil was
plowed to a depth of eight inches, a seed bed prepared, and
orops planted. The following crops were planted: M.A.C.
yellow dent corn, Robust beans, Russet Burbank potatoes,
Silverhull buckwheat, Sudan grass, American Banner wheat,
and Rosen rye. Notes were taken on all crops from the tine
of germination as to vigor, color, and size, Pictures were
taken of corn, bean, and buckwheat seedlings ten days after
germiiination,e Plctures were also taken of the individual
crops wien they were fully mature, Notes were taxen at

tae time of harvesting on yields and relative size of plants,

Chlorates Applied in Varied
Mumbers and Rates of Application During Tate
Summer, The Following 3eason t:e Land Spaded,
and Corn Planted to Let:rmine t.e Residual

Influence of Chlorates.

In tie late summer of 1928, plats 20.86 feet square
were laid out on a dense quackxgrass sod, 2oth sodium chlorate
and magnesium chlorate were applied to these plats in varied
numbers end rates of application, table no. 4. Complete
eradication of t.e quackgrass resulted wiere applications of
200 pounds or more of cilorate per acre were made,

One ycar later or dwing the spring of 1229 one fourth

of each of these plats was spaded, fertilizer applied, and

corn planted. Likewise, an untreated plat was planted.
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Notes were taken and observations made at regular intervals to
determine any difference in the growth of the eorn. Pictures
were taken when the corn was fully mature in order to comparse
the residual influence of the different rates of application.
The pictures which follow show the corn as it appeared
in late August. There was no apparent difference in the growth
of the corn on plats that received 300 pounds chlorzte per acre
and that on plats that received 50 pounds per acre. The yield
of corn from these plats also indicates that no difference is
apparent between the heavy treatments and the light treatments.
Figure Ilo. 26 1s a plat on which common salt was aoplied at the
rate of 20 tons per acre. A residual influence is apparent in
the growth of the corn on this plat as compared with the re-
meinirg plats. This indicates that the chlorates hzad been dissi-

pated during the winter while the salt was not.

Chlorates Applied in the Sprirg,
Land not Plowed, and the Residual Influence

Determined a2t Various Soil Depths

During the spring of 19259, applications of both sodium
chlorate and Atlacide were made on plats 20.86 feet square. The
ayplications were ma’e at the rates of from 1CO0 to 400 pounds
per acre. About 10 weeks after the chlorates had been applied,
layers of soil from one to four inches, from four to eight
inches, and from eight to twelve inches deep were removed from
both treated and untreated plats and the soil placed in four

inch pots in the greenmhouse. Beans were planted in these pots,



11

seven beans per pot, and the rapidity of germination, the vigor
of the plants, and the color of the leaves was noted at regular

intervals.,
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Chlorates Applied During Late Summer and
corn, Deans, rotatoes, and Buckwheat Plantcd the
Tollowing Jeason to Determine the Residual influ-

ence of Chlorates

During the sumner ¢l 1223 three acres of quackgrass sod
were divided into halves in order that both sodium chlorate
and magnesium chlorate could be applied in equal amounts. Two
applications were madie of 100 pounds per acre. Llhese applica-
tions completely killed the quackgrass.

The following season at the usual planting time corn,
beans, potatoes, and buckwheat were planted on this area. These
ecrops were ylanted across the area in such a way that half of
the crop was growing on soil that had been treated with sodium
chlorate and the other half growing on soil that had been trecat-
ed with magnesium chlorate. The crops were cultivated three
times during the growing season. Iotes were takten on the individ-
ual crops from the time of germination to the time of haurvesting
in order that a check could be made as to the relative toxic ef=
feet of the two cnlorates. Yields were also taken at the regu-
lar harvest time of each cerop., When the c¢rops were fully mature
pictures were taken to snow the comperative size of the plants
growing on the soil treated with sodium chlorate and the plants

growing on soll treated with magnesium chlorate.
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Table 1, Height and yield of corn plantod on plats that
had been sprayed with stlacide at the rate of 150, 300,
and 475 pouncs per ac:e one month bsfore corn was planted,

Treatment Ht, of plants (inches) Yield per acre (Bu.)
CK 69.6 15.98
150 04d.4 15,75
300 59,2 14,99
375 34,6 4,74
i
H

Table 2, Size and yield por acre of potitoes plaented on
plats th.t hud been sprayed with atlacide ut tie rate of
150, 500, and 375 pounds per acre one month vefore potutocs
were planted.,

Treatment Yield pcr acre (Bu.) Size of potutoes
CK 25.14 Medium
150 28.04 Medium
300 11.80 Small
375 4,55 Very small

Table 3. Yield per acre of besans planted on plats that had
been sprayed with aAtlacide at the rate of 150, 300, and 375
pounds per acre one month before beuns were planted.

Treatment Yield per acre in Bushels
CK 6420
150 3.51
300 1.25
3795 0.23




Tig. Yo. 1 - Corn seedlings 10 days after germination,
showing residual influence of Atlacide when applied at

different rates one month before corn was planted.

Left - check - no treatment. Center - 300 pounds Atla-

cide per acre. Right = 375 pounds ‘tlacide per acre.

Tig. No. 2 .- Dupliczte of above in reverse order.
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Fig. No. & - Bean seedlings from check plat
10 days after germination.

Fig. No. 4 - Bean secdlings 10 days after
germination from plat that had an application of
375 pounds Atlacide per acre one month before beans

were planted.
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Fig. No. 5 = Buckwheat seedlings from
check plat 10 days after germination

J.

Mg, To. 6 - Buckwheat se-dlings 10 days
after germinetion from plet that had an application
of 375 pounds Atlacide per acre one month before
buckwheat was planted.
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. 7 - Corn growing on check plat
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Fig. No. 8 = Corn growing on plat that received 150
pounds Atlacide per acre one month before planting.
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Fig. No. 9 = Corn growing on soil that received 300 pounds
Atlacide per acre one month before planting.
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Fig. No. 10 - Corn growing on plat that received 375 pounds
Atlacide per acre one month before planting.
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“ig. No. 11 - Potatoes growing on check plat.



Fig. No. 12 - Potatoes growing on plat that received 300
pounds Atlacide per acre one month before planting.
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Fig. No. 13 - Potatoes growing on plat that received 375
pounds Atlacide per acre one month before planting
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Fig. No. 14 - Beans growing on check plat
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'ig. No. 15 - Note thaet only a few straggling bean
plants remain on plat that received 375 pounds
Atlacide per acre one month before planting
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Fig. No. 16 - Buckwheat growing on check plat
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Fig. To. 17 = Tote few straggling buckwheat plants growing
on plat that received 375 pounds Atlacide per acre one
month before planting.
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Mg. No, 18 = Sudan grass growing on check plat
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Fig. No. 19 - wudan grass growing on plat that received
375 pounds Atlacide per acre one month before
planting.



30
Results
4 Study of the J[esidual Influence of atlacide

on Crops Planted One lNonth ifter applicution

~tlacide wus applied at the rutes of 150, 3.0, and
375 pounds per acre in one, two, and three applicutions re-
spectively, during t:e latter part of april and tie first of
May. Une plat was left as a check. <rops wcre planted one
montn later on all plats. In this way it was possivle to
study tiie residual influence of satlacide on crop growth with-
in one montnh after applying.

a8 expsrinientul crops tre more important crogs grown
in Licigan were used. Tiese consisted of corn, beans, po-
tatoes, sudan grass, buckwheat, wheat, and fye.

The corn germin:a:ted well on all plats and there was no
aprarent difference in tlie vigor and color of tie you:.g seed-
lings for t.e first six da; s after gerriination. (n t:e sev-
enth duy there was a sligiht loss of chlorop yll from the
plants growing on the plats receiving 3¢0 and 375 pounds atla-
cide per acre, but no difference could be noted between t.e
plat receiving 150 pounds ustlacide per acre and t:e plat re-
ceiving no treatment. On t e seventeenth day t.e plunts
growing on t e plats thut received 300 pounds and 375 pounds
atlacide pir acre were noticeably smualler town t:e plunts
growing on plats tiiat received 150 pounds per acre of .tlacide
and no treutment. T..e plants also jossessed a light yellow

color w ere t.e lieavier applications of Atlacide were nace,



saiowing a lack of cehlorophyll. There w.s a sligi.t loss of
chlorophyll from the plants growing on tie rlut trnat received

150 pounds atlacide per acre ascompared to the plat that re-
ceived no trectment. TFifteen days later or July 2, t..e plants
growing on the plat that received 375 pounds .tlacidz per acre
had reached tleir maximun: growti which ranged from three to

four fcet in height. Jeverual of the plunts died outright. The
dif’e. ences between tie plants growing on tie plats th.t receiv-
ed 150 pounds .tlacide per ucre and no treatment were never so
narked as to be very nbticeuble. There was, lLowever, a slight
difference in the colcr of the plants. « slight loss of chloro-
phyvll could be noted in the plunts growing on the plat where

one applicwation of 150 pouirds .tlacide per acre wuas made., A4t

tiie time of harvesting only a slight difference could te noted,
Tablc Ho. 1. 'the yielas on the pl.ts thut received two and three
applications were much lower thun those on tie plais that receiv-
ed one application and no tre.tment. The plat thut received
three applicutions gave much the lowest yield.

The beans gecrminated within nine days. 411 plats ger-
minated alike., Within five days alter germinating the young
secdlings growing on the plats th.t received 3C0 and 375 pounds
atlacide per acre showzsd a loss of chlorophyll by yellowing.

The seedlings growing on the plut that received 150 pounds at-
lacide per acre did not show a loss of chlorophyll until the

second week after germinuting. There wus a gradual decreuse



of chylorophyll from all three plats that received applications
of Atlacide. &t the end of the fifth week practically all the
plants on the plat that received 375 pounds atlacids per acre
were dead Fig. lio. 15 . The plants growing on the pluat that
receivad 3.0 pounds atlacide per acre shoved no signs of
growth after the fifth week. The plants were yellow at this
time but turned brown after three days and tiie leaves dropped
off. The plants growing on the plat that received 150 pounds
Atlacide remained a light green color for eight weeis at which
time they tummed yellow. The leuves turned brown and dropped
off five days later. The plut thut received no trzeatment was
green ten days long-r than any of the plats receiving Atlacide,
Yields of botn vines and beans together, and shelled beans
were taken at harvest. .s would be expected the check gave
much the hizhest yield. The plat thut received 150 pounds
Atlacide per acre gave a yield of shelled beans 123.5 graus
lower than the check, the plat that received 300 pounds ~tla-
cide guve a yield 244.5 grums lower than the check, and tkhe
plat thut received 375 pounds atlacide g.ve a yield 232.5
grums lower than the check. The above results would seem to
indicate that the hieuvier applications of itlacide have a
decided toxic effect upon shallow rooted crops, as beans.

It was thousht thut rotatoes would be a good exp=ri-
mental crop because of its method of planting. The potato
tubers were much slower in sprouting on the plats th.t re-
ceived applications of 300 and 375 pounds .tlacide per acre

than those on the plats thut received 150 pounds »tlicide and
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no treatment. The tubers on the plat thut received no treat-
ment were up three days before any tubers on plats th:.t re=
ceived applications of astlacide were. The tubers on the nlat
th2t received 150 pounas atlacide was second to sprout, the
plat that received 300 pounds stlacide was third, and tie plat
th t received 375 pounds fourth. There was a marked difference
in the growth of the plants on the pluts thi.t received heavy
applications and those that received 1light applications. The
notatoes were dug in October and tlie weight and relative size
of the tubers frém all treatments taken, The tubers from the
plat that received 375 pounus atlacide per acre were very
small in size and only a few of them. The average size wus
about th:t of murbles. .he tubers from the plat th.t received
an azplication of 300 pounds stlacide per acre were &lso very
small but there was a greater number of them., The plot thet
received un application of 150 pounds itlucide por acre gave
just us good yield us the plat th.t received no trectment

and the tubsrs wsre about the same si:ze,

The sucan grass .germninated well on all plats and not
until after the seventh day wus a difference noted in any
plut. The plants on the plut th.t received un application of
375 pounds atlacide showed a lack of chlorophyll on the eightl.
day. Ten days later there was a decided difference in the
size of the plants growing on the clhieck and tlose growing on
the plat th.t received an apvlication of 375 pounds xtlacide.
The plants on the check plat had a dark green color while

those on the lat thut received the heavy application were
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light green in color and very much smaller. FYive duys later
severul of the plunts died on the h:iwuvy tr-uted plat. There
was not u greoat difference in the growta of the rlwnts on the
check plat and those on the plat th.t receivecd an applicution
of 150 pounds stlacide per acre. 7Th-re was a marked difrer-
ence howvevzsr, in the plants growing on the plat thut received
an application of 300 pouncs .tlacide per acre znd those
growing on the pl.t that received no treutment. The differ-
ence wus nmanifested by a lack of vigor in the plunts growing
on the plats of heuvier treatment., st the time of maturity
this difference was very pronounced,

The buckwheut followed the same general reactions as
the sudan grass, th.t is, it showed a decrease in vigor from
tlie check to the heavier applicutions. liany of the buckwheat
plants died within fifteen days after germinating,

The scerics of plats thet were summer-followed were seed-
ed to wheat and rye September 21, or approximately six months
after the applications of ..tlacide huad been made. Normal ger-
minution resulted und the young seedlings were equally as
vigorous on the plat thut received an applicuation of 375 pounds
Atlacide zs on the plat that received no trsutment. Later ob-
servations showed no change in vigor or any loss of chloro-
phyll on any plat. Normal growth of both wheat and rye result-

ed.
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Tuble 1Joe we nCsulis ocbtained on rlatvs 105,00 sguare fect
in area thut wd been trested witih sodium cilornve and
Lagnesiuwl culornne one ye.r precedil. s planting of cern=-
corn nurvest.d Sentenolr 4, luky
Prect..cnt Tumboer of Yield of Corn Sept. 4, 1989
Plot llo. [LUs. per stulks on 1bs. p=r 103,83 square reet
1/100 acre plats Grain otulks
NaClo
3
1-1 1-1-1 27 1.50 12,24
1-2 1-1-0 33 « 20 11.00
1-3 1-0-0 a3 3¢75 15.25
1-4 0-1-1 35 1.50 10,50
1-6 O-1-1 33 1.25 10475
1-7 C=C-1 39 1.75 10.75
Total 200 10,25 70,50
Average 33 1.71 11,75
2-1 1-1-1 30 3620 14,50
2-2 1-1-0 o4 75 9.75
2=3 1-0-0 538 S625 13,00
2=4 C=-1-1 29 3.75 14,C0
2-6 0-1-1 33 2.25 11.75
2=17 C=0-1 33 1.25 10.50
Total 196 14,50 73450
Average 32.4 2,42 12.25

L =




Table 1o, D

o6

nesults ooutzined cn rluts 108.8 square feet

in area that had been trezted with sodiwm chlor:te and
masnesiun chlorate one yeur precedl.g planti:ug cf corn -
corn harvested SJeptember 4, 1929

Treatiient

Lunber of

Yield of corn Sept.4, 10290

Plat ilo. lbs. per stalks cn lbs. per 103,8 square fect
1/100 acre plats Gruin Stulks
NaClO5
3=1 2-0 31 3.50 16,50
3-2 1-0 34 2,75 13.00
3-3 1-% 29 4,00 11.25
3=4 o= 33 36295 14,00
3=6 2=2 33 2,00 9,50
Total 195 17.00 73.25
Average 3245 2,83 12,21
4-1 2=0 34 5.25 22.00
4-3 1-] 34 2.75 11,50
4-4 =5 32 3.75 13.50
4=5 2-% 32 3.00 12,50
4-6 2-2 53 1025 80 25
Total 199 20,00 81.50
Averaze 33 3¢ 33 13.958
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Fig. Fo. 20 - Corn growing on soil that received three
applications of sodium chlorate, ezch at the rate
of 100 pounds per acre during August, September,
and October preceding planting.



28

Fig. No. 21 - Corn growing on soil that received two appli-
cations of sodium chlorate, ezch at the rate of 100
pounds per acre during August, and September preceding
planting.
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Fig. No. 22 = Corn growing on soil that received one appli-
cation of sodium chlorate at the rsate of 100 pounds per
acre during August preceding planting.
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Fig. llo. 23 = Corn growing on soil that received three
applications of magnesium chlorate, each at the rate
of 100 pounds per acre during August, September and
October preceding planting.
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Fig. No. 24 = Corn growing on soil that received two appli-
cations of magnesium chlorate, each at the rate of 100
pounds per acre during August and September preceding
planting.
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Fig. No. 20 = Corn growing on soil that received one appli-
cation of magnesium chlorate at the rate of 100 pounds
per acre during August preceding planting.
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Fig. No. 26 - Corn growing on soil thaot received comron
salt at the rate of 20 tons per acre during August
September and October preceding planting.
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Results of Chiorates Applisd in the Sgring,
Land not Plowed, and the Residual Influence Deter-

mined at Various Soil Depths.

Both sodium chlorate and magnesium chlorate were applied
in amounts ranging from 100 to 400 pounds per acre. The plats
treated with sodium chlorate received about twice as much chlorate
(C103) as those receiving Atlacide.

The beans showed a decided residual influence in the one
to four inch zone in the case of the sodium chlorate pots, a
somewhat less influence in the four to eight inch zone, and little.
if any, influence in the eight to twelve inch zone. In the case
of the Atlacide pots, a residual influence was noted in the one
to four inch zone, very little in the four to eight inch zone, and

none in the eizht to twelve inch zone.



~
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BPig. No. 27 - Corn, beans, potacoes, and buckwheat growing
on soil that received two applications of 100 pounds each
of sodium chlorate and magnesium chlorate per acre during
August and September preceding planting.
Trom sign back to road received magnesium chlorate, and
from sign back to stakes received sodium chlorate.
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Fig. To. 28 - Corn growing on soil that received two appli-
cations of 100 pounds each per acre of magnesium chlorate
and sodium chlorate August, September preceding plenting.
In the foreground the soil received magnesium chlorate
and in the background sodium chlorate.
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Fig. 0. 29 = Corn growing on soil that received two applica=-
tions of 100 pounds each per acre of sodium chlorate and
magnesium ehlorate August and September preceding planting
In the foreground the soil received sodium chlorate and in
the background magnesium chlorate.



48

“ig. Io. 30 = Potatoes growing on soil that received two
applications of 100 pounds each per acre of sodium
chlorate and magnesium chlorate August and September
preceding planting. In the foreground soil received
sodium chlorate and in the background magnesium chlorate.
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Fig. To. 31 - Potatoes growing on soil that received two appli-
cations of 100 pounds each per acre of magnesium chlorate
and sodium chlorate August and Septecber preceding plantinz
In the foreground soil received magnesium chlorate and in
the background sodium chlorate.
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Fig. No. 32 - Beans growing on soil that received two applica-
tions of 100 pounds each per acre of magnesium chlorate
and sodium chlorate August and September preceding plant-

ing. In the foreground soil receivedmagnesium chlorate
and in the background sodium chlorate.






Fig. Zo. 33 - Beans growing on soil that received two appli-
cations of 100 pounds each per acre of sodium chlorate and
magnesium chloraite August and September preceding planting.
In the foregroumisoil received sodium ehlorate and in the
background magnesium chlorate.
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A Study of the Residual Influence of Sodium
Chlorate and liagnesium Chlorate Upon Crops Planted

the Season Following Application

Sodium chlorate and magnesium chlorate were applied during
the summer of 1928 in two applications of 100 pounds each. The
following season at the regular planting time corn, beans, pota-
toes, and buckwheat were planted on this area.

All crops germinated normally. A normal growth of all crops
resulted, indicating that the chlorates had been sufficiently
dissipated during the winter months for crops to be planted the
following spring.

The pictures which precede show the crops as they appeared

at the time of maturity.
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Discussion

The results obtained from crops grown on plats that had
been sprayed with Atlacide one month before the crops were
planted indicate thzt heavy applications have a decided toxic
effect upon crop production. Due to an abnormally dry late
spring and early summer the untreated plat did not give a very
high yield. Late preparation of the seed bed probably had an
influence on the yields. The difference in the yields of the
check and the heaviest treatments indicate that residual ef-
fect is present. In the case of corn, a yield of 16+98 bushels
per acre was obtained from the untreated plat, while only 4.74
bushels per acre was obtained from the plat that received an
application of 375 pounds Atlacide per acre. The lighter appli-
cations gave yields intermediate between these yields, indica-
ting that the heavier the avplications the greater the toxic
effect.

The yield of potatoes was also very low on the check
because of the unusually dry spring and summer. I‘here was no
indication that the light application of 150 pounds per acre
had a residual influence on the growth of the potatoes. 1In
fact, a higher yield was obtained from the plat that received
150 pounds Atlacide than was obtained from the check. A de-
cided decrease in the yield was found in the plats receiving
300 and 375 pounds Atlacide per acre.

Beans, because of a shallow root system were more sus-

ceptible to the toxic effect of the Atlacide than any of the






other crops., Bucxwheat was also very susceptible due to its
shallow roots. This would indicate th2t the chlorate remained
in the top few inches of so0oil which was found to be the case
when an experiment was conducted in the greenhcuse for tnis pur-
pose. A probable explanation for this condition would be the
fact that there was very little rainfall during the spring and
sunmer and no leaching of the chlorate could take place. Fad
there been a normal rainfall, the results would probably have
been different.

Results obtained from corn that was planted the spring
succeeding applications of sodium chlorate and magnesium chlor-
ate in the late summer, indicate that the chlorates had been
sufficiently dissipated to plant crops. Io apparent difference
was noted in the corn growing on plats that received applica-
tions of 3C0 poundis per acre and that growing on plats that re=-
ceived 50 pounds per acre.

In reviewing the results obtained where applications of
chlorates had been made in the spring and the residual influence
determined by removing layers of soil ten days later at various
soil depths it was found that a decided toxic efiect was present
in the one to four inch zone. Very little toxic effect was found
in the four to eight inch zone and none was found in the eight
to twelve inch zone., This indicates that the chlorates did not

penetrate the soil very deep. OSuch a condition as this probably
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resulted from the unusually dry spring and summer of 1929. In
a year of normal rainfall the chlorates would probably have leach-
ed through the soil to a greater depth.

Corn, beans, potatoes, and buckwheat grew normally on soil
that received applications of 200 pounds of sodium chlorzte and
magnesium chlorste during August and September preceding plent-
ing. It is safe to grow crops on soil that was treated with
chlorates the summer before planting in the spring.

It was found from a careful study of the chlorates used in
these experiments that a desirable herbicide should have the
following characteristics: it must be effective, it must be
non-poisonous, it mast be easy to apply, it must not have a toxic
influence on succeeding crop growth, and 1t must be reasonably

cheap.
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MATTRIALS AXD L=THODS

Greenhouse Work

An experiment was conducted in the greenhouse for the
purpoce of studying the depth in the soil that chlorates are
r.ost likely to be presernt. Atlacide was used for this experi-
ment. Three months after the Atlacide had been applied, layers
of soil from one to four inches, four to eight inches, and
eight to twelve inches deep were removed from both treated and
untreated plats and the soil placed in four inch pots in dup-
licate in the greenhouse. Atlacide was applied at the rate of
150 pounis, 300 pounds, and 375 pounds per acre on this soil.
Beans were planted in these pots, and notes taken as to rapid-
ity of germination, the vigor of the plants and the color

of the leaves.

Results

The beans were plo-nted on October 2, seven seeds per
pot. On October 14, the beans had germinated in a8ll pots ex-
cept one containing soil from a depth of one to four inches
where an application of 375 pounds Atlacide per acre had been
maie. In this pot only six seeds, germinated by Cctober 40.
rthree of these plants died ten days latcr. <Two of the plants
in the duplicate pot died at the same time. There was no

ayparent difference for the first ten days in the untreated
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pot and the pot containing soil where an application of 150
pounds Atlacide per acre had been ma.e. :Aifter the tenth day
there was a slight residual influence noted in the 150

pounds application. <t meturity th-re was a decided difierence
between the checx and the 150 pounds application, 1 5.134. At
the time of maturity there was a slight difference noted in the
300 poundis application and the 150 pounds application. A resi-
dual influence was apparent in both, but the heavier_application
showed more loss of chlorophyll and less vigor. In the ccse of
the four to eigzht and eight to twelve inch zone no difference
could be noted vetween the checks and the heaviest treztment.

It will be noted from Tiz. 36 that the plants in the vot con-
taining soil from the eight to twelve inch zone are lacking in
vigor. this may be explained by the fact that these plants were
infested with red spiders and when treated for them a2 retarded

growth of the plonts resulted.

Discussion

A residual influence was found in the one to four inch
zone only. This condition was probably due to capillary action
vecause the soil was plowed to a depth of eizht inches soon aft r
the Atlacide was applied. Such a condition is hizhly possible
because of the unusually dry syoring of 1929. If there had been
& nornal amount of rainfall a leaching of the chlorates would
have resulted and the residual infiuence found at a grezter deoth

in the soil.,
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Results of Greenhouse Jork with Beans.

Pots were Planted in Duplicate, 7 Sesds to the Pot.
I‘:Oo Of

Pot To. Date Date Ger- | No. Ger- | Vigor holor of " Plants -

Planted |minated minated Chlorophyll Died
CK 4 Oct., 2 Osct. 14 7 Good Green Yone
CK 4 a " B " 14 7 n " "
CX 8 n 2 n 14 7 n n "
CK 8 a 1" 2 n 14 7 " 1 "
CK 12 n 2 1" 14 7 n n "
CK 12 a n 2 " 14 7 " n n
150-4 Oct 2 Oct. 14 7 Good Green None
150-4a "2 " 14 6 " n "
150-8 14 2 ] 14 7 " n n
150~-8a "2 n 14 7 n n "
150-12 "2 n 14 7 " n "
150-12a "2 n 14 7 n " n
300-4 Oct.2 |Oct. 14 7 Fair Light green | INone
300-4& " 2 " 14 7 n " " "
300-8 " 2 " 14 7 Good Green "
300"‘8& " 2 n 14 7 1" " n
300-12 " 2 n 14 7 n " n
300-12a " 2 " 14 7 n n "
375-4 Oct. 2 Oct, 14 7 Poor Slizhtly 2

Yellow

375-4a " 2 " a0 6 " " " 5]
375-8 n 2 " 14 7 Fair Light green | None
375"8& n 2 " 14 7 " n 1" 1n
375-12 n 2 n 14 7 Good Green "
375=-12a n 2 " 14 7 n " n
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Tig. No. Y4 - Beans growing in greenhouse in pots containing
s0il that was secured from a depth of 4 inches where Atla-
cide had been applied at the rate of 150, 300, and 375
bounds per acre.
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i'ig. No. 35 - Beans growing in greenhouse in pots containing
s0il that was secured from a depth of 8 inches where Atla-
cide had been applied at the rate of 150, 300 and 375
pounds per acre.
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Fig. llo. 36 - Beans growing in greenhouse in pots containing
soil that was secured from a depth of 12 inches where At~
lacide had been appléed at the rate of 150, 300, and 375
pounds per acre.
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Summary

A study was made of the residual influence of chlorates
upon subsequent crop growth. A residual influence was found
to be manifested on crops planted one month after the last ap-
plication of chlorates. In every case the heavier asplications
gave a more decided toxic effect. Crops planted the spring
following applications in the late summer and fall gavc normal
growth, indiecating that the chliorates had been dissipated.

Crops of whezt and rje planted six months after the last
application of Atlacide gerusinated normally and the young seed-
lings grew as vigorously on the plat that receivei 375 pounds
Atlacide per acre =s on the plat that received no treatment,
indicating that the toxiec effect of the Atlacide had been dissi-
pated in six months.

An exveriment conducted in the greenhouse for tne purpose
of studying the moveiecnt of chlorates through the soil showed
that the ehlorates remained in the top four inch:s of soii.
This may be due to the fact that the late spring and summer of
1922 was unusually dry and no leaching of the chlorates through
the soil took place.

ohallow rooted erops, as beans, showed a much more de-
cided susceptibility to the toxic effeect of the chlorates than

did the deeper rooted crops.
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Conclusions

Crops planted one month afiter last application of cnlorates
are grzsatly injured by the toxic influence of the chlorates.
%hen ehlorates are ajplied during the syring, it does not
aopesr feasible to attempt to grow crops during that soring
or summer of the year in which the chlorates were applied.
Chlorates applied dQuring the late summer and fall monthas

are not likely to influence crop production the following
soring.

Yhen chlorates are anplied during the s.uring, the residual
influence is suffieiently dissipated by late September so
that wheat a2nd rye may be sown.

Heavy applications of chlorates penetrate the soil to a
greater extent than light applications.

Shallow rooted crops, such as beans, are nore susceptible

to the residual influence of chlorates than deep rooted crops.
In seasons of light rainfszl:, such -s the spring ard swumer
of 1929 chlorates tend to remain in the top four inches of
soil. In seasons of normal rainfall there would probably be
a greater leaching of chlorates.

A normal crop may be expected on soil that was treated with

chlorates six to eizht months before the crops are planted.
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