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W E E D S

due in cotton plants from Yuma increased from 0.73 to
1.27 ppm during the 124-day to 168-day post planting
interval. The values were confirmed by re-analysis.

Planting seed in or above the diuron layer caused a
high initial level of diuron in plants at Phoenix. There
appeared to be no difference in the rate of dissipation or
in the total accumulation of diuron between the two
treatment rates.

In all cases, cottonseed, to which the tolerance of 1.0
ppm is applicable, had residue values of below 0.1 ppm
(the lower limit of analytical sensitivity).

In irrigated cotton, preplanting applications of diuron
can be used to control annual weeds during the first half
of the growing season. Residues of diuron in cottonseed
are within tolerance limitations. Factors such as method
and rate of herbicide application, depth of planting,
and cotton variety, must be understood to make preplant-
ing applications of diuron successful. However, the mar-
gin of safety with diuron is small and more selective
herbicides may replace diuron in preplanting applica-
tions in cotton.
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Influence of Organic Matter, Texture, and Available Water on the Toxicity
of Simazine in Soil

R. GROVER?

Abstract. Addition of organic matter reduced the effectiveness of
2-chloro-4,6-bis(ethylamino)-s-triazine (simazine) to oats in Regina
heavy clay soil. At high moisture levels, changes in the relative
amounts of clay in the soil did not affect the toxicity of simazine.
Toxicity of simazine decreased as the soil moisture level was
reduced.

INTRODUCTION

IN several tests (1, 3, 7), simazine was reported to be less

toxic on soils high in clay and organic matter content
than in sandy soils. The differences in the toxicity of
simazine in a series of California soils were correlated
with organic matter content, cation exchange capacity,
and pH (14). Since these and other soil factors may be
correlated with each other (6, 14), caution must be used
in interpreting correlation coefficient results (2).

Day (11) found a broad positive correlation of simazine

Received for publication July 10, 1965.

?Plant Physiologist, Weed Section, Experimental Farm, Canada
Department of Agriculture, Research Branch, Regina, Saskatchewan.

adsorption with organic matter and clay contents in
several California soils, using direct adsorption measure-
ments under slurry conditions. In somewhat similar tests,
Harris and Warren (10) found that muck adsorbed sima-
zine more strongly than pure bentonite clay. Since water
may compete for adsorption sites (9), slurry-type experi-
ments may not give a correct picture of the adsorptive
power of a soil in the field where water is not abundant.

The objectives of the present study were to obtain
more information on the relative roles of organic matter,
soil texture, and available soil moisture on the toxicity of
simazine in a prairie soil.

MATERIALS AND METHODS

Regina heavy clay which contained 2.899 organic
matter and 529 clay was collected from the upper four
inches of a field at the Regina Experimental Farm. The
soil was air-dried and screened before use. Appropriate
amounts of shredded and air-dried peat moss were added
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GROVER : SIMAZINE TOXICITY IN SOIL

to change the organic matter content. Relative clay con-
tent was altered by the addition of silica sand.

The compound 2-chloro-4,6-bis(ethylamino)-s-triazine
(simazine) was added to the soil as an aqueous suspension
of the commercial 509 wettable powder formulation.
The appropriate amounts of simazine in 20 ml of water
were added to 350 g of soil to give concentrations of 0,
0.2, 0.4, 0.8, 1.6, and 3.2 ppmw on an oven-dry basis. Soil
and simazine were thoroughly mixed, first by hand on a
plastic sheet and then in a mechanical mixer. After mix-
ing, the soil-simazine mixture was transferred to waxed
cardboard pint cartons. Initial soil moisture levels were
obtained by alternately adding small amounts of distilled
water and treated soil to a carton. The total amount of
water added to each carton depended on the desired level
of soil moisture. The cartons were covered with lids and
the soil and water allowed to come to equilibrium over
a 24-hr period. None of the treatments received nutrient
supplement. Each treatment was replicated four times
and all tests were repeated two to four times.

Thirteen oat seeds (Avena sativa L. var. Rodney) were
planted in each carton by pressing the embryo ends into
the soil so that the distal ends were flush with the soil
surface. The cartons then were transferred to a growth
chamber maintained at a 16-hr day length. The light
intensity was 1800 ft-c one ft from the top of the cartons.
The day and night temperatures were 22 = 1 C and 10 =
1 G, respectively. For 2 to 3 days, the cartons were loosely
covered with lids; after this period, the lids were removed
and the oat seedlings were thinned to 10 plants per
carton.

Cartons were weighed daily and distilled water was
added to the surface to bring each carton to its original
weight. The amount of water needed at each 24-hr
adjustment was in the range of 30-50 g per carton. The
oat plants were cut off at the soil level 21 days after
seeding and oven-dried at 75 C for 2 days for dry weight
determinations. Effective dosages for 509 reduction in
dry weight (EDj,) were calculated for each concentration
series.

Percent organic matter was determined in duplicate for
the original soil and the mixtures using the chromate
titration method of Schollenberger (13) for organic car-
bon. Percent clay in the original soil only was obtained
from duplicate determinations by the hydrometer method
of Bouyoucos (4), using the improved hydrometer. Dupli-
cate pH readings were made with a glass-calomel elec-
trode system. Moisture equivalent values were obtained
from the Bouyoucos suction method (5). The soil analysis
data are given in Table 1.

Table 1. Percent organic matter, percent clay, pH, and moisture
cquivalent of Regina heavy clay and various soil mixtures.

Organic Total Moisture

matter, % clay, % pH equivalent
R%—%ina heavy clay (RHC)......... 2.89 52 6.9 60
RHC + peatmoss................ 5.49 52 6.6 70
RHC + peat moss....... . 7.68 52 6.3 75
RHC + silica sand (1:1). 2.95 26 6.7 30
RHC + silica sand (1:3). ... 2.93 13 6.7 20

REsuLTS

The top growth of oat plants grown in Regina heavy
clay was progressively less as the concentration of sima-
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zine in soil was raised from 0.2 to 3.2 ppm. Plotted on a
semi-logarithmic paper, the growth of plants, expressed as
percent of control, followed a sigmoid curve (Figure 1).
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Figure I. Relative dry weight of oat shoots after 21 days growth in
simazine-treated soil maintained at three organic matter content
levels.

0.8 16 3.2

Initially, the oat seedlings appeared to grow normally at
all concentrations without showing any injury symptoms.
After about 8 to 10 days when the seedlings were about
7 to 8 cm in height, chlorosis of leaves appeared at the
highest concentration and soon after this symptom be-
came progressively apparent at all concentrations of
simazine. At the highest rate, the oat plants were dead by
the end of the test; the dead tissue was only 159% of the
control.

When the peat moss was added to give organic matter
contents of 549 and 7.68% on an oven-dry basis, the
effectiveness of simazine at 0.2 to 0.8 ppm was diminished.
The maximum reduction in toxicity was obtained at the
highest organic matter level. At 3.2 ppm of simazine,
the addition of organic matter had no effect; maximum
response was obtained at all levels of organic matter. The
EDj;, values were 0.43, 0.59, and 0.76 ppm for the organic
matter levels of 2.89, 5.49, and 7.689%, respectively. With-
in this organic matter content series, the ED;, value
increased by approximately 0.16 ppm for increases of
2.6 and 2.2% in the organic matter content of the soil.

Changes in the relative clay content had no significant
effect on the toxicity of simazine to oats from simazine
concentrations of 0.2 to 3.2 ppm (Figure 2). In this series,
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Figure 2. Relative dry weight of oat shoots after 21 days in simazine-
treated soil maintained at three clay content levels.

silica sand was added to reduce the clay content of Regina
heavy clay from 52 to 26 and to 13%. Enough peat moss
was added to maintain the organic content at about 2.99%
in each texture series. The moisture content of soil in all
cartons was maintained at the respective moisture equiva-
lents throughout the course of the experiments. The
EDj, values in the texture series were 0.42, 0.38, and
0.39 ppm for soils containing 52, 36, and 139 Cclay,
respectively.

In the third series of experiments, the soil moisture
level had a marked effect on the toxicity of simazine to
oats. Simazine was added to Regina heavy clay at rates
of 0.2 to 3.2 ppm. The soil moisture levels were 60, 50,
40, and 30% on an oven-dry basis. As the moisture level
in the soil decreased, simazine was less effective in reduc-
ing the top growth of oats. Almost three times as much
simazine was required to give 509% reduction in growth
when moisture level of the soil was reduced from 60 to
309 (Figure 3). It may be pointed out that at all simazine
concentrations, growth of oat plants was increased as the
amount of soil water was raised. The maximum growth
of oats was obtained at the highest moisture level in the
absence of the herbicide.

DiscussioNn

The addition of organic matter to Regina heavy clay
reduced the toxicity of simazine to oat seedlings. This
direct evidence confirms the reports of earlier workers
whose conclusions were based on statistical correlations of

150

.25 |
(Nolo) B
0.7
B
w
050
0.25
0 1 | | ]

30 40 50 60

PER CENT MOISTURE IN SOIL

Figure 3. Observed ED;, values of simazine in Regina heavy clay
at four moisture levels.

data obtained from different soil types (14) or on experi-
ments under agitated slurry conditions (10). Organic
matter is known to have high potential adsorptive ca-
pacity for certain compounds, including several herbi-
cides (10, 12, 15). Presumably then, the added organic
matter removed simazine from soil solution thereby
reducing the efficacy of the herbicide. In the present tests,
the addition of about 0.16 ppm simazine was required for
each 2.2 to 2.6% increase in the organic matter to obtain
a 509% reduction in growth of oat plants.

The negative effect of soil clay content on EDj, values
for simazine in soil indicates that under relatively high
soil moisture conditions simazine was equally available
to plants irrespective of the concentration of clay in the
soil. These results further indicate that if simazine was
adsorbed by the clay, it was freely and readily desorbed.
This supports the observations of Frissel (8) and Harris
and Warren (10) who demonstrated that the adsorption
of simazine on montmorillonite and bentonite clays was
freely reversible under slurry conditions. Thus, the forces
involved in the adsorption of simazine on clay apparently
are not as strong as the attraction between simazine and
organic matter.
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GROVER : SIMAZINE TOXICITY IN SOIL

The ED;, values for simazine at various levels of
organic matter and clay were obtained under optimum
so1l moisture conditions. In the last experiment reported
herein, simazine was more toxic under high moisture
conditions than under low moisture conditions (Figure
3). Similar results also have been obtained for other rela-
uvely low volatile compounds such as diuron (16).

Bailey and White (2) have suggested that there is
competition between the solute and solvent molecules
for adsorption sites on the surface of soil colloids. Hance
(9) has recently provided evidence to support this theory
by showing competition between diuron and solvents for
adsorption sites. Diuron was strongly adsorbed on hydro-
phobic surfaces and there was greater adsorption of
diuron from petroleum solution than from aqueous solu-
tion. Assuming that simazine (an organic solute) and
water (a highly polar solvent) are competing for the
adsorptive sites, it is possible to explain the availability
of simazine in soil under varying conditions of organic
matter, clay, and soil moisture.

Under high soil moisture conditions, the availability
of simazine will be determined by the extent of its adsorp-
tion on the hydrophobic adsorptive sites, i. e. by the
relative amount of soil organic matter. Adsorption of
simazine on hydrophilic sites, under these conditions,
will be insignificant due to the fact that it is freely
desorbed from these sites by the overwhelming number
of highly polar water molecules.

Under low soil moisture conditions, on the other hand,
the relative availability of hydrophilic adsorptive sites
will affect the toxicity of simazine in soil. As the water
content in the soil is decreased, more simazine will be
adsorbed on the now available hydrophilic surfaces,
thereby reducing its toxicity. This would explain the
steep rise in ED;, value with the decrease in soil moisture
level (Figure 3).

In conclusion, direct evidence is provided to show that
organic matter content reduced the effectiveness of sima-
zine in soil. At high moisture level, the amount of clay
content in the soil did not affect toxicity of simazine.
Toxicity of simazine to oats in Regina heavy clay de-
creased as the soil moisture level was reduced.?

*Lambert, S. M., et al. (Weeds 13:185-190, 1965) have recently
shown that EDj;, values, divided by the percentage available soil
water, should give a straight line when plotted against the ratio of
percent organic matter to percent available soil moisture. The fact
that the data in Figure 3 conform to this relationship, further
indicates the relative importance of soil organic matter and water
in the availability of simazine in soils.

151

ACKNOWLEDGMENTS

The author is indebted to Dr. J. R. Hay and Dr. J. D.
Banting for stimulating discussions and many helpful
suggestions during the course of the preparation of this
manuscript. Assistance of Lorne Kerr, Technician, for
carrying out the bio-assay tests also is acknowledged.

LITERATURE CITED

1. AerBers, E. and K. HoMBURG. 1959. De inactivering en pene-
tratie van simazin in de grond. 11th Int. symp. Fytofarmacie
en Fytiatrie, Gent. 893-898.

BaLEy, G. W. and J. L. WHITE. 1964. Review of adsorption
and desorption of organic pesticides by soil colloids, with
implications concerning pesticide bioactivity. J. Agr. Food
Chem. 12:324-332.

3. BurnsipE, O. C. and R. BEHRENs. 1961. Phytotoxicity of
simazine. Weeds 9:145-157.
4. Bouvoucos, G. J. 1927. The hydrometer as a new and rapid

method for determining the colloidal content of soils. Soil
Sci. 23:319-331.

1935. A comparison between the suction method
and the centrifuge method for determining the moisture
equivalent of soils. Soil Sci. 40:165-171.

CaLL, F. 1957. Soil fumigation. IV. Sorption of ethylene
dibromide on soils at field capacity. J. Sci. Food Agr.
8:137-142.

Dewey, O. R. 1960. Further experimental evidence on the
fate of simazine in the soil. Proc. 5th Brit. Weed Control
Conf. 1:91-97.

FrisseL, M. J. 1961. The adsorption of some organic com-
pounds, especially herbicides, on clay minerals. Verslagen
van landbouwkundige onderzoekingen, Wageningen, Holland.
No. 67 (3). 54 p.

Hance, R. J. 1965. Observations on the relationship between
the adsorption of diuron and the nature of adsorbent. Weed
Res. 5:108-114.

Harris, C. I. and G. F. WARREN. 1964. Adsorption and de-
sorption of herbicides by soil. Weeds 12:120-126.

HARTLEY, G. S. 1964. Herbicide behaviour in the soil, p. 111-
161. In L. J. Audus, [ed.], The physiology and biochemistry
of herbicides, Academic Press, New York.

Massini, P. 1961. Movement of 2,6-dichlorobenzonitrile in
soils and in plants in relation to its physical properties.
Weed Res. 1:142-146.

SCHOLLENBERGER, C. J. 1931.
matter. Soil Sci. 31:483-486.

Sueets, T. J., A. S. Crarts, and H. R. Drever. 1962. In-
fluence of soil properties on the phytotoxicities of the s-
triazine herbicides. J. Agr. Food Chem. 10:458-462.

SuerBURNE, H. R. and V. H. Frep. 1954. Adsorption of 3-(p-
chlorophenyl) 1,1-dimethylurea as a function of soil con-
stituents. J. Agr. Food Chem. 2:937-939.

UrcHurcH, R. P. 1957. The influence of soil-moisture con-
tent on the response of cotton to herbicides. Weeds 5:112—
120.

10.

11.

12.

13. Determination of soil organic

14.

15.

16.

This content downloaded from 128.143.23.241 on Thu, 23 Jun 2016 05:59:37 UTC
All use subject to http://about.jstor.org/terms



	Contents
	image 1
	image 2
	image 3
	image 4

	Issue Table of Contents
	Weeds, Vol. 14, No. 2 (Apr., 1966), pp. 103-184
	Front Matter
	Control and Carbohydrate Reserves of Quackgrass as Influenced by Uracil Herbicides [pp. 103-105]
	The Effects of Soil Factors on the Phytotoxicity of Neburon to Oats [pp. 105-109]
	Yields of Propagules of Certain Aquatic Plants I [pp. 110-113]
	Spray Pattern and Drift from Two Types of Nozzles Used for Helicopter Spraying [pp. 114-116]
	The Importance of Shoot Entry in the Action of Herbicides Applied to the Soil [pp. 117-121]
	Root Temperature and Susceptibility to 2,4-D in Three Species [pp. 121-124]
	Relationship between Susceptibility of Plants to DNBP and Their Capacity for ATP Generation [pp. 125-129]
	Microbial Degradation of Herbicide Combinations: Amitrole and Dalapon [pp. 130-134]
	Effect of Photosynthesis-Inhibiting Herbicides on Non-Photosynthetic Tobacco Callus Tissue [pp. 134-136]
	Influence of Temperature and Humidity on Foliar Absorption, Translocation, and Metabolism of 2,4,5-T by Mesquite Seedlings [pp. 136-141]
	Some Physiological Effects of Triazines on Citrus Trees [pp. 141-144]
	Preplanting Applications of Diuron in Cotton [pp. 145-148]
	Influence of Organic Matter, Texture, and Available Water on the Toxicity of Simazine in Soil [pp. 148-151]
	Sesbania Control in Soybeans with 2,4-D Wax Bars [pp. 152-155]
	Decomposition of CDEC by Far Ultraviolet Radiation [pp. 155-157]
	Effects of Bluegrass Stand and Watering Regime on Control of Crabgrass with Preemergence Herbicides [pp. 157-161]
	The Determination of Picloram Residues in Soil Using Gas Chromotography [pp. 161-164]
	Residues in the Forage and in Milk from Cows Grazing Forage Treated with Esters of 2,4-D [pp. 164-167]
	Analysis of 2,4-D Residues in Milk and Forage [pp. 167-170]
	Amiben and Diuron Preemergence in Castorbeans [pp. 171-173]
	Brief Papers
	Reproduction of Saltcedar by Cuttings [pp. 173-174]
	Aliphatic Acid Inhibitors: Interference with Ketopantoate Utilization for Pantothenate Biosynthesis [pp. 174-176]
	Herbicidal Properties of Trifluralin Analogs [pp. 176-178]
	Translocation Patterns of Amitrole and Ammonium Thiocyanate in Quackgrass [pp. 178-179]

	News Notes [p. 180]
	Back Matter [pp. 181-184]



