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Introduction

Many chemicals have been screened for sclective weed con-
trol In sugar beets with varving degrees of success. The hierbicide
3.6-cndoxohexahvdrophthalic acid, hereafter veferred to as endo-
thal. has given execllent results 1o some trials 4s a pre-cmergent
treatment, while other trials have been highly disappointing.
Success or failure appears to depend largely upon the method
in which moisture is received after application of the herbicide,
Tt is generally accepted that, to obtain satisfactory results, moisture
in the form of rainfall or sprinkler irrigation is necessary within
a short period of time alter application of the chemical.

Since endothal is known to be more effectively absorbed by
roots than by foliage, this study was conducted with the follow-
ing purposes: [ -to study the movement pattern of endothal in
soil, 2-—to determine the breakdown rate of endothal, and 3- -to
investigate some of the possible factors causing variation in
endothal movement and persistence in soil,

Procedure
Movement of Endothal
Preliminary experiments were conducted to study the vertical
movement of endothal in three different soil textures without
regard to soil temperature or moisture, Three Wyoming soils
with the following charvacteristics were used in these studies:

Characteristics of Soilst

Organic Matier

So0il Type o Band o 8l % Clay Percent PH
Hill sandy clay loam 2.4 14.8 228 1.89 7.50
Cyeeley fine sandy joan 68.1 19.8 11.8 1.26 7.85
Billings clay loam 36.0 53.2 28.8 2.24 7.50

T Analvses were made by the University of Wyeoming Seil Tosting Laboratory., Plant
Science Division, Laramie, Wyoming.
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Al setls were dried and sereened through a 2millimetey
scveen. Ilach ol the three sotls was placed in separate 6-inch
pots and treated with endothal at the rate of 4 Ihs. {acid equiva-
tent) per acre on an arca basis. The material was appliv(l at the
following depths: surlace, 14 inch to 114 inches and 114 inches

to 3 inches. Hereafter, all vates vefer to acid cquivalent per acre.

The vertical movement of the herbicide in the soil was de-
teriined by biological assay. Norland flax was employed as the
test plant since in the germinating stage it is very susceptible
to injury by endothal.

Ten flax seeds were planted at a depth of 14 inch in all treated
soils. Untreated pots of each soil texture were planted in the
sape ananner. Alter planting, three pots of cach soil treatment
were sublirigated and three were sprinkle irrigated. These
methods of irvigation were continued throughout the course of
the experiment.

Thirty days after the planting date, all plants were counted
and harvested. Reduction in total green weight of the flax plants
was used as a measure of the presence, and therelore the move-
ment, of cndothal,

Subsequent movement  studies were made with the same
three soils. The air-dry soils were placed in 3-inch galvanized
metal tubes and packed to simulate the soil conditions of a well-
prepared seedbed. Packed height of the soil colunms was 8 inches,
Hall of the soil columns were then wetted to field capacity. The
air-dry and the field-capacity soil columns swere placed in tempera-
ture u,mtlol ‘hambers at 10, 15, 20, 25, and 30° C. = v, Twenty-
four hours were allowed for the soil temperatures to reach an
equilibrium with the control chambers belore endothal was
applied to the surface of each column at the rate of 4 1hs. per
acrve. Fieght hours after chemical treatment, all sotl columns were
teached with 2 sinrface inches of water. Thwenty-four hours after
feaching, the soil cohumns were sliced inte five lavers,

Fach section in reference to the soil surface was as [ollows:
O to 1 inch, 1 inch to 2 inches, 2 inches to 3 mches. 3 inches to
4 inches, 4 inches to 6 inches. and 6 inches to 8 inches, Fach
soil section was placed in a 3-inch waxed-paper container which
allowed for sublrrigation so that further leaching of the chemical
would not be a factor,

Ten flax sceds were planted in cach soil section and sub-
irvigated in the greenbouse. periodically as needed. Untreated
soil of each type was planted with flax at the same time and used
for ('ompmisem with tlm various treatmenis. Thivty davs after
planting, green weight of flax plants was measured as before.

>
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Persistence of Fidothal

Studies were conducted to determine the effect of tempera-
vare and moisture fevels on the rate of disappearance of endothal
in different soil textures.

Soil. 1y, inches deep. was surface treated wirh endothal in
an aqueous solution at a rate of 6 lhs. per aere. Application of
the chemical was made under simulated field conditions with a
knapsack and beom sprayer. The total volume of treated soil
was then placed in a tumbler mixer and thoroughly mixed to
obtain a uniform distribution of the chemical in the soil. Half
ol each soil treatment was wetted to 80 percent of ficld capacity
and the remaining hall lelt in an air-dvy coridition,

The soils were then placed in hve-guart containers and cov-
ered with glass panes to allow aeration but to conscrve nmoisture.
and placed in the temperaturc-control chambers.

Triplicate 10.6-cubic-inch soil samples were removed from
cach chemical treatment and from the untreated control 7 days
after the inidation of the experiment and every 7 davs therealter
for 56 days. The soil samples weve placed in waxed-paper con-
tainers, planted with 10 flax sceds, and subirrigated periodically.

Flax plants were harvested at the soil Tevel 21 days after plant-
ing and the green weight taken as a criterion for the presence of
chdothal.

Experimental Results

Movement of Endoihal

Endothal moved m the same general divection as the water
in sandy loam and sandy clay loam soils. The chemical, applied
on the surlace of these soils av the rate of 4 Ibs. per acrve, and
sprinkle Drvigated, reduced green Hax weighe by 91 pereent in
the sandy clay loam soil, 93 percent in the sandy loam, and 77
percent in the clay loam, as compared with the untreated check,
Movement of the chemical by subivrigation of this wearment
reduced green Hax weight by 31 percent on the sandy clay loam
soil with no reduction occurring in green flax weight on the
sandy Joam soil. FEndothal, when applied on the surface of colay
foam soil and subirrigated, reduced the flax weight by 86 per-
cent. Apparently, the chemicad moved downward when the soll
was saturated, which is a veverse from the observed movement
in sandy-type soils.

Conversely, subirrigation moved  the greatest amount of
endothal when the chemical was incorporated into the soil at
depths of 14 to 114 and 114 to 3 inches (Table 13, When the
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Table L—>Vvevage Green Weight of Flax from 3 Soil Types, Treated with 4 Pounds
of Endothal per Acre a1 & Seil Loevels, Using Two Methods of Yrrigation.

Depth of

Chemical Grams Peveent Reduction of
Method of Soil from Suriace Green Green Weight Based
Irrigation Type in Inches Weight on Untreated Check
SCLY 0 10 Q0.4
N B 20 “#1,1
1v4-3 1.07 0.0
Sprinkie Spe 0 07 92.8
Irvigated L iil 4 58.8
[ 067 30,0
[OF Bk 772
47 2.6
.60 0.0
S¢L 4] 1.20 30.6
L. 114 0 100.0
A8 23 86.7
Sub s1 i 175 0.0
Trriguted R R 87 773
143 A4 VA6
(S ¢ .20 85,7
% R A5 a7
1145 A7 R7.0

* Sandy Clay Loam Soil.
2 Sandy Loam Soil.
# Clav Loam Seil,

chemical was placed at these 2 soil depths and subirrigated,
chemical movement was similar for botl depths in all soils
observed.

Methods of irrigation were not as critical when the chemical
was incorporated in the 14- to 1yi-inch depth. However. sub-
brrigation of the treated soils consistently resulted in the greater
movement of endothal as compared with the sprinkler irrigation
method,

Additonal chemicalanovement studies indicated that soil
texture was very influential on the amount of endothal retained
in the top 1 inch of soil when leached with 2 surface inches of
water. The chemical was more resistant to leaching in clay loam
and sandv clay loam than in sandy loam soil. The two finer tex-
tured soils retained a greater amount of the chemical in the surface
two inches of soil than at any other depths tested (Figure 1),
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Figure 1.—3ovement of endothal through three soil types after applica-
tion of 2 surface inches of water, as measured by {lax growth.

These results show that 87 percent more endothal was present

to 4 inches below the soil surface than on the soil surface of
the sandy loam soil. There were no significant differences between
the amount of (thcml(‘;x] retained in the three soil layers within
the 1- to 4-inch increment in the sandy loam soil.

Initial soil moisture did not have a significant effect on the
mobility of endothal when leached with two surface inches of
water.

Persisience of Endothal

The moisture content of the soil proved to be a very critical
lactor in the diszappearzmce ol endothal. Air-dry soils, which had
been treated with 6 Ibs. of endothal per acre and held in an air-
dry condition for 8 nul\s before the planting of flax, vielded no
Hax when irrigated. Results were the same for all temperatures
employed. .

rate of endothal in soils that had been wetted to 80 percent of
field capacity. There is a highly signtficant difference between
the amount of chemical that 1emam€d in soils held at the 157
and 207 €, remperatures within 14 days after treatment. In-
activation, as measured by flax weight, was 12 times more rapid
at 207 (. than 15° C. one week af{ek treatment. There was no
significant difference in the pmsmcn(e of endothal among tem-
peratures of 20, 25, and 307 C. nor between the two Imwt tem-
pevataves, 10 and 15° C.

The chemical disappeared more slowly in clay loam soil than
in the sandy loam and the sandy clay Joam soils which had been

.
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wetted. Suflicient breakdown had occuvred within 14 davs after
treatment In sandy- type soils, held at 20° CLand higher. o allow
weed sceds to germinate and grow. Fndothal in clay oam soil
did not exhibit any measurable degree of inactivation until 28
days alter treatment. Inactivation of the herbicide was completed
42 days after treatment in all soils and at all temperatures cm-
ployed.

Discussion and Summary

Endothal 1s very mobile i the three sotl textures studied.
The chemical was transported by water movement, either in an
upward or downward direction, Cl)(‘n(“ﬂ“’ upon the type of
irvigation. In the field application of endothal it may be possible
(o side-dress sugar beets 114 to 2 inches deep with the chemical
and expect the inward And upward movement of water from
furrow drvigation to cavry the herbicide into the weed-germin-
ating zone.

The amount of chemical retained in the top 1 inch of soil
alter leaching with 2 surlace inches ol warer depended primarily
upon soil texture. The chemical was leached more veadily in
sandy foam soil than in clay loam or sandy clay loam soil. These
greenhouse trials suggest that excessive sprinkler brigation or
precipitation on sandy soil may leach the bulk of the chemical
below the germinating sone of most annual weeds.

Dry sotls apparently do not hold endothal wicth any greater
force than soils which have been wetted 1o field capacity, once
precipitation is veceived. The depth to which the herbicide will
leach undoubtedly depends on the amount of precipitation re-
ceived and the moisture content of the sotl at that time.

Endothal became quite inactive seven days alter treatment
in the moist sandy-type soils which had been held at temperatuves
of 20~ C. and bigher. Endothal in day loam soil did nop show
any degree of chemical inactivity until 28 days after treatment.
It woudd scem that clay loam soil, having a larger surface area
and containing a higher percentage of m‘gnnic matter than either
of the sandy soils, would inactivate endothal more readily.

diological activity may play an important role in the in-
acuvation of endothal lor the lollowing reasons: 1-—no flax seed
germinated in any soil type at any temperature. when the soil
was in an airdry condition. This was true even ereht weeks

alter treatment. 20 “Temperatuves of 207 Coand higher increased
thc‘ rate of inactivation In moist soils. Volatilization of the herbi
cide is apparently not a critical factor in dissipation, as the dry
soils weve frec to acration within the temperatare chambers, and
the chamber doors were opened every seven days for sampling.

s
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Conclusions

It is possible to move endothal down or up in seil by using
surface or subirvigation, respectively,

Endothal in sandy Joany soils is more susceptible to leaching
than m clay soils.

Indothal is leached to a depth of at least 3 imches i the 3

soil types studied, with 2 surface inches of water,

An application of 2 sivface inches ol water leached endothal
as veadily nan air-dry soil as 1 a soil wetted o held capacity.
The persistence of endothal was influenced by soil texture.
The chemical was inactivated more rapidly 1 sandy loam and
sandy clay loum than in clay Toamn soil,

Soil moisture plays a very important role in the dissipation
of endothal, No ipactivation of the chemical was measurable
8 weeks alter treatment in ar-dry soil,

The rate of inacuvation ol endothal was significantly Jess at
remperatures below 200 (L than at temperarures of 200 25,
and 307 C.




