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INTRODUCTION

Trichloracetic acid (T C A ) has long been known as
a protein precipitant, but it was not until 1947 that research
workers in the ﬁ.S.AJ found it to be an effecive grass killer,
Immediately it was subjected to a considerable alount of ex-
perimentation, but it is only since 1950 that any trials have
been conducted with this herbicide in New Zealand,

Most of this early research was of an observational
or emperical nature, and the results obtained were often in-
consistent. However, it was soon determined that there was
little downward translocation of T C A when foliar applications
were made, and that for maximum kill it was essential for the
herbicide to come into contact with the grass roots. Best
control of couch (égropxron repens.L.), for example, has been
obtained when the T C A was sprayed on the upturned sod and
light rain fell within a few days after application.

Before commerical usage of any newly developed
herbicide is recommended on agricultural land it is desirable
to know the fate of that herbicide when applied to the SOil;
whether it will persist and be cumulative so that subseguent
crops will be effected, if a short peried of residual aectivity
can be expected, or if the compound is rapidly dissipated., To
this writer's knowledge, no attempt had been made in New
Zealand to undertake a quantitative study of the effects soil
type, temperature and rainfall have on the rate of inactivation
and distribution of T C A when applied to the soil. Such an
investigation therefore seemed pertinent, and more especially
because results of similar studies overseas were not in full
agreement,

The published reports showed that both chemical and
biological tests had been employed to determine the concentra-
tions, or relative amounts of T C A in the soil, but in |no
instance had the two methods been employed for the one experi-
ment. It was therefore considered that in a future investiga-
tion some useful purpose would be served by a comparison of
results obtained by both tests.

1. MASSEY AGRICULTURAL COLLEGE
LIBRARY PALMERSTON NORTH, N.Z.
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REVIEW OF LITERATURE

The first published report of the herbicidal
potential of T C A was by Ryker (43) in 1947 at the Fourth
Annual North Central (U.S.A.) Weed Control Conference. He
claimed that T C A had given encouraging results when applied
as a pre-emergence treatment for the control of grass weeds
in broadleaf crops.

According to McCall and Zahnley (22), the grass
killing properties of T C A were first discovered by E.I.
du Pont de Nemours and Company, Inc. Their tests had shown
that ammonium trichloracetate was useless as a general con-
tact herbicide for it produced only superficial damage to
some of the broad-leaved weeds on which it was applied, but
it completely killed all grass plants against which it was
tested, including barley, wheat, corn, couch (Agrogxron

repens L.) and Bermuda grass (Cynodon dactylon (L.) Pers.).

Residual Activity
McCall and Zahhley (22) concluded from their ex-

periments that the control of perennial and annual grasses
could be obtained with acre rates of 80 to 150 1lbe. and 20

to 60 1lb. T C A respectively. They found that soil sterility
was severe but temporary, toxicity disappearing within 30 to
90 days depending upon the amount of rainfall. Similar
figures were quoted by Lynch (21). The North Central (U.S.A.)
Weed Control Conference Research Committee of 1948 (27) rep-
orted that the residual toxicity of T C A persists for 30
days or more, depending upon precipitation, while Barrons (2)
suggests 60 to 90 days as the maximum period. Much longer
residual action was reported by Arakeri and Dunham (1).

Under the conditions of their experiments T C A persisted
in lethal amounts to soybeans for about 120 days and it re-
mained in smaller quantities for at least another 90 days.
Normal growth of spring planted crops on land treated with
T C A the previous autumn, to control perennial grasses, was

demonstrated by the Dow Chemical Company (11) but Carder (8)
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claims that in Western Canada the effects of 50 lb. or more
of T C A per acre applied in the autumn may last well into
the following springe.

As the result of some Australian work, Green (17)
considers that T C A breaks down rapidly in the soil, but
it is advisable to wait 60 to 90 days before replanting, and
a full year's weathering may be necessary before extremely
sensitive plants could be planted.

Turnquist (47) observed no differences in growth
and yields of spring sown sweet corn, onions, beans, peas,
cabbage, cauliflowef and tomatoes, on land that had received
38 to 114 1be T C A per acre the previous autumn. Summer
applications of up to 200 1lbe T C A were found by Pavlychenko
(33) not to impair the germination and normal development
of spring sown cereals,

Extreme residual effect has been reported by Robin-
son and Dunham (42)s T C A applications ranging from 11 to
176 1lb. per acre were made by them to an old sod of
Agropyron repens in September, 1948. Soybeans planted in
February, 1949 were killed or severely injured by all rates
of applicatione A second planting in 1950 was materially
reduced in yields on the 48 to 176 1lbe. plots. It was not
until the following year that the latter plots produced

symptomless cropse

Temperature Effects
The shortest period of residual activity of T C A

has been reported by Loustalot and Ferrer (20). They found
that soil treated at the rate of 30 lb. per acre and subse-
quently stored at 45°C was devoid of toxicity at the end of
2 weeks, whereas toxicity persisted for at least 2 months
when the soil was similarly treated and stored at 10°C,
Ogle and Warren (29) also demonstrated that breakdown of

T C A was proportional to the temperature and concluded that

long residual control could not be expected in humid regions.
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Ebell (14) has found TCA most effective under West
Canadian qonditions when applied in the late autumn. Cold
weather and frozen soil does not appear to permit apprec-
iable decomposition or leaching of TCA during the winter
months yet the chemical penetrates to seedling root depth
where it is most effective against early spring wéed growthe
Because of the slow rate of breakdown under those conditions,
Ebell states that TCA must be used in the summerfallow year
to allow ample time for residual effect to disappear before
a crop is plantede.

For similar reasons the North Central (U.S.A.)
Weed Control Conference Research Committee of 1953 (28) con-
sider that in sub-humid regions the residual effect of the
late summer or autumn applications of TCA can be expected

to extend into the growing season following treatmente.

Soil Type Effects
Loustalst and Ferrer (20) observed that TCA per-

sisted longer in clay soil than in sandy soil or a sandy-
clay mixture. Jary (18) reported that there was a tendency
fof the control of Agropyron repens from any particular
dosage to be better on heavy soils than on light ones, while
McCall and Zahnley (22), and research workers of the Dow
Chemical Company (11) found the reverse to be so. Matthews
(24) considers that the efficiency of TCA is impaired on
heavy soilse Lynch (21) emphasises the importance of soil
type on the action of TCA and states that heavy soils re-
guire heavier rates of this herbicide to give a similar
result to lighter rates in sandy soils.

Ogle and Warren (29) demonstrated that the rate of
breakdown of TCA increased progressively from sandy soil to
silt loam to muck soil? Because of this slow breakdbwn in
mineral soils they contended that a long residual effect
might be expected in arid and semi-arid regions. Barrons
and Hummer (3) likewise demonstrated that the inactivation

x».
Muck soll is American equivalent for peat.
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of TCA was greater in a soil high in organic matter than

one of low orgénic content, but Rai and Hamner (38) found
the reverse to obtaine The latter observed that in sandy
and clay loams dissipation of TCA, as shown by wheat yields,
was complete after 64 days whereas injury occurred even
after 108 days in muck soil.

Parker (31) in his review of chemical weed control
in sugar beet states that the activity of salts of TCA is
greatest in the least organic soils. Blough and Fults (6)
experienced some damage to sugar beets grown in s andy soil
treated with TCA at rates as low as 5 lbe. per acre but det-
ected no injury to this crop grown in a loam treated at 15
lb. per acre. More recently Blough and Fults (7) have
reported that in the same geographical and climatic areas
the selective action of TCA is variable between soil typese.
In support of these field observations they have demonstrated
in the glasshouse that on a medium textured loam relatively
high in organic matter, selective control of annual graéses
without crop injury was obtained with TCA at 15 lb. per
acre, whereas non-selective phytotoxicity resulted at this
and lesser rates when applied to a loamy fine sand and a
silty clay loam, both of which were deficient in organic
nitrogen. They suggest as one possible explanation that a
substantial portion o f the herbicide may be adsorbed by the
organic colloids in the case of the loame Rali and Hamner
(38) support this theory, but Peters (37) reports that there

is no evidence of TCA fixation by soil colloidse

Moisture Effects

Loustalot and Ferrer (20) found that TCA persisted
for 2 months in soil with moderate moisture, a greater
period than that in saturated soil, and that toxicity did
not decrease with time as long as the soil remained air

dry. Lynch (21) observed that TCA did not give satisfactory

control of grasses on land subject to frequent floodinge.



It is generally agreed that the moisture content
of the soil has an important influence upon the effective-
ness of soil applications of TCA,best control of grass
weeds having been obtained when the soil is moderately
moist. (2, b, 5, 12, 16, 17, 22, 2k, 56). Ten to twenty
pounds of TCA per acre is usually sufficient to control
seedling grasses, but Barrons and others (4) stress the
importance of adequate soil moisture for control at these
ratese They point out that if TCA is applied to soil so
dry that the surface does not become moist at night through
capillafy movement, much of the herbicide will remain inef-
fective on the surface and though subsequent rains may dis-
solve it, the grass weeds may meanwhile have reached ap-
preciable size and require much greater rates for controle.

Moore and Myers (25) considered that the moisture
condition of the soil prior to treatment with TCA did not

influence the control of deep rooted Johnson grass (Sorghum

halepense (L.) Pers.)

Rainfall Effects

Arakeri and Dunham (1) concluded that of the factors
they studied, rain had the most ;mportant influence over re-
sults with TCA. Soybeans they sowed in plots given & pre-
emergence spray of TCA, germinated and grew normally when
protected from rain, but immediately they were exposed to
rain plant injury occurred. and increased in intensity as
the season progressed and more rain fell. Where water was
added after TCA application the crop was a complete failure.

Moore and Myers (25) also demonstrated conclusively
the importance of adequate rain shortly after TCA applic-
ations for effective control of Sorghum halepense. They
obtained excellent control with 200 1lb. per acre when rain
in excess of one inch fell within 14 days after treatment,
whereas three times this dosage was ineffective when no
rain exceeding 0.10 inches fell until 55 days after treat-

mente
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Many other workers (2, 4, 11, 12, 16, 17, 30, 37)
have reported superior control of grass weeds when rain
fell within a few days of TCA application, but that excess-
ive rains following treatment has resulted in inferior
control, especially of shallow rooted species such as Agro
pyron repens, for much of the herbicide is leached below
the zone of root growth, particularly on porous soils. One
report (11) states that in light sandy soil a prolonged
heavy rain can almost completely leach TCA from the soil.
Barrons et al (4) and other (21, 22) consider that the ad-
verse effects of soil moisture extremes are less likely on
heavy to medium textured soils than they are on light sandy
sollse

It is the opinion of Lynch (21) that a considerable
fall of raip is essential subsequent to TCA applications for
effective herbicidal activity. Peters (37) studied rain-
fall data in connection with his experimental control of
Agropyron repens with TCA and concluded that l.5 to 3 inches
of rain followed by seveéal days of little or no rainfall
resulted in good control. Matthews (2L) considers that on
heavy soils up to 1 inch of rain is required for activation
of TCA.

Arskeri and Dunham (1) found that small quantities
of TCA did not disappear more rapidly in 2 inches of soil
leached with 4 inches of water than in unleached soil.
Loustalot and Ferrer (20) determined that with no rain TCA
remained in the upper 2 inches of soil, % inch rain moved
it down into the fourth inch of soil and % inch or 1 inch
caused it to move to at least the eight inch depth.

Ogle and Warren (29) applied a small amount of
TCA to the surface of different soils and determined at
which depth the greatest concentration of the herbicide oc-
curred after leaching with 2 inches of rain. These were

found to be 2, 4 and 6 inches for silt loam, muck soil and

sandy soils respectively. Their leaching studies showed
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that in sandy soils most of the TCA moved out with 2 inches
and all with 4 inches of water. Likewise in the muck soil
all the toxicity disappeared with 4 surface inches of water,
but slightly more was required for complete leaching of

the TCA from the silt loame They concluded that soil’ type
had little effect on the movement of TCA, but the writer

considers their results show a definite soil type effect.

Action of TCA

Barrons (2) observed that more TCA was required
for a given result on very fertile soil, and with the know-
ledge that TCA is utilized as a protein precipitant, post-
ulateé that its action may be related to nitrogen absorption
and metabolism. However, as pointed out by Woodford (51),
the concentration at which trichloracetic acid affects
plant tissue growth is well below the concentration re-
quired for the precipitation of plant proteins. Woodford
suggested that TCA had a much more subtle effect on plant
metabolism, and was probably associated with auxin controlled
growth processes.

Tibbits and Holm (46) were unable to determine
whether the tolerance of many dicotyledons to TCA is assoc-
iated with an ability of thoseplants to prevent absorption
and translocation of the chemical to meristematic tissues,
or whether the 1lack of injury may be due to an early meta-
bolism of the compound.

The exact nature of the action of TCA is still

unknowne

‘Effect of TCA on Soil Micro-—organisms
Kratochvil (19) treated small samples of silt

loam with eight herbicides and determined the effect on
soil micro-organisms by measuring the reduction in evolved
gase TCA caused the greatest depression in microbial act-

ivity. Data is not given in respect of the toxicity period.

Use of TCA

The differences in susceptibility to TCA between
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certain crop plants and grass weeds has enabled the

weeding of several crops with this herbicide (4).

Agropyron repens has been controlled in areas planted

with asparagus, cabbage and cauliflower; annual grasses
have been controlled in linen flax and established lucerne.
Pre-emergence applicationsof TCA haﬁabeen used to control
annual grasses in sugar and red beets, gladiolus, asparagus,

potatoes and cruciferous crops, (L4, 21, 36).
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MATERT METHODS

Soil of three distinct types, namely, Makarua
peaty loam, Manawatu silt loam, and Foxton loamy sand,
was obtained from cultivated fields in the Manawatu Dis-—
trict. for the experiments.

Tilled soil was selected because numerous ex-—
periments had shown that cultivation in conjunction with
TCA applications enhanced ﬁhe herbicidal action by rapidly
bringing the chemical into close contact with the grass
roots. Furthermore, it is more often on arable, and hort-
icultural land in particular, that grass weeds are a ser-
ious problem and measures directed at their control are
adopted.

All soils were rubbed through a sieve of % inch
mesh which was sufficient to eliminate clods without pul-
verising them too muche. Thorough mixing of each soil was
then effected to ensure homogeneditye.

Sodium trichloracetate (CClz.COONa) was employed
for all the experiments since this salt has been found
the most satisfactory formulation of trichloracetic acid
for herbicidal purposes, and is available commerciallye
It is highly soluble in water, (152 gms/100 gms. Ho0),
and therefore is usually applied as an agueous solutione
It has the disadvantage of being hygroscopic and is
slightly corrosive to iron, zinc and aluminiume The
rates of application mentioned are not calculated as the
acid equivalents but refer to the technical grade product
used which had an active ingredient of 90% sodium trichlor-
acetates

Hereafter the abbreviation "TCA" refers to sodium

trichloracetate.

Methods of Determination of TCA Concentration in Soil

In the literature reviewed, Barrons and Humner

(6) were the only investigators to employ a chemical test
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for quantitative determinations of trichloracetic acid in

the soile. All others used plant indicator methods which
have the advantage of possibly detecting any effects of
breakdown productse. It therefore seemed pertinent to utilize

both techniques and assess their merits for future worke.

Selection of Plant Indicator

Preliminary research in New Zealand had shown
that in hea#y soils upwards of 80 lb. TCA per acre was
required for good control of Agropyron repens, while 60
lb. had achieved the same degree of control in lighter soils.
Most seedling grasses were readily killed with as little as
10 1lb. TCA per acre (27).

It was thus apparent that the acre rates at which
TCA was likely to be used commercially extended over a wide
range and it was considered that the abovementioned limits
should be exceeded in any experimental work undertaken,

The problem then was to select a plant which
would give an even gradation of growth when sown in soils
treatéd with TCA at rates varying from % to 100 lb. per
acres The extent of the experiments contemplated required
further that the test plant be one that germinated and
grew rapidly withminimum attentione The common cereals
fulfilled these requirements and their erect habit of
growth commended their use.

Barrons and Hummer (3) had classified wheat and
14 other cereals as susceptible to TCA. Oat was the only
cereal in their tests that showed some tolerance to this
herbicide. Robinson and Dunham (42) grew the undermentioned
crops 1in soils containing residues of TCA and found their
tolerance to be in the following descending order - flax,
oats, corn, barley, wheat and soybean.

Pavlychencho (32, 35) treated plots of spring sown
cereals with pre-emergence applications of TCA and obtained

the results shown in Table 1.
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TCA
1b./acre) 5 1@ = 15520 #5005
Cereal
Wild Oats (Avena fatua) 1950 735 3 = 66 - L6
Oats (Avena sativa) 1950 72 = 82 - 69
1951 1-160- 62 66 35 =
Barley (Hordenm vulgare) 1950 96 - 17 - 2
' 1951 GSaat. e 0 e
Wheat (Triticum vulgare) 1950 by - 0 = 0
1951 0 0 0 0 0
Spring Rye (Secale cereale)
1950 94 - 58 = 34

Table l. Plant dry weights expressed as percent-
ages of controlse.

Foster (15) obtained 25, 50 and 91% control of wild
oats in flax treated with 10, 20 and 4O 1lbe. TCA respectively
per acre.

Clearly, wheat and barley were unsuitable as the
experimental plant indicator and the choice therefore lay
between oats and rye. Seed of wild oats was not available

and the growth habit of rye ruled it out.

Qat Varieties Tested

(a) Tolerance to TCA

Samples of nine varieties of oats were obtained and
their tolerance to several rates of TCA determined., Six
seed trays, 13" x 10" x 5", were filled with a good loam
which had been sieved and thoroughly mixed to ensure homo-
geneity. Ten seeds of each oat variety were sown in rows
1l inch apart in each tray with two border rows of Garton
oats either end. The trays were then adequately watered
and subsequently sprayed wi th an agqueous solution of TCA,
one each at the following rates ——- 5, 10, 15, 30, 50 lbe.
per acree The sixth was left untreated as the control.

After a growth period of 14 days the height of each
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Fig.l. Growth tolerance curves of five oat varieties
treated with a range of rates of T C A.
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oat plant was measured and the total weight of fresh tops
of each variety for each rate of TCA recorded. A summary
of results is given in Table Al of the Appendix. The grad-
ation of tolerance of 5 varieties is illustrated in Fige. le.

(b)  Seed Viability and Evenness of Growth

Concurrently with the tolerance test, 130 seeds
of each oat variety was sown separately in trays prepared
as above, but no TCA treatment was given. Germination
counts were made after 5 and 8 days resPectiVely and the
evenness of growth of each variety assessed visuallye.

Results are given in Table A2 of the Appendix.

(e) Choice of Variety

The varieties Algerian, Dun, Garton and Milford
were the only ones which were sufficiently viable to be
considered, and of these Algerian'and Milford were by far
the most even in growth height. Algerian is highly sens-
itive to small quantities of TCA while Milford shows a
marked morphological response only in the presence of a
much greater concentration of the herbicide. (See Figs.2a,2b.)

Milford appeared the logical choice since it pro-
duced a very even gradation of growth through the range of
concentrations tested, but it was not known to what extent
the concentration of TCA would be reduced by the super-
imposed treatments of the experiments planned. To ensure
that differences in the lower concentration range would
be detected, it was therefore decided to replicate the
first experiment using both Algerian and Milford as the
plant indicators.

(d) Coefficients of Variation

A seed tray was prepared andvljo Milford oats sown
as in the seed viability test. After 14 days' growth
detailed measurements were made and‘the coefficients of

variation calculated as given in Table 2.



(a)

(b)

Control 6.25 12.5 25 50 100

Figs. 2a, 2b. Algerian (a) and Milford (b) oats,

12 days after germination in petrie éishes,
showing increased phytctoxiclty as the concen-
tration of TCA 1s increased. The germination

pads were impregnated with 10 ml. of TCA solution

of the concentraticn (p.p.m.) indicated.
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Height of Fresh Weight OCven-dry Weight

First Leaf of Tops of Tops
Mean 7485 ins, 0.299 gms., 0.,0219 gms.,.
Std. Deviation 0.92 ins, 0.0L8 gms. 0.0036 gms,
Coeff. of Variation 11.73% 16.20% 16.65%

Table 2, Summary of coefficilents of variation for Milford oats
The height of the first leaf was the measure of leaét
variation and therefore it was used throughout the experiments.

(e) Minimum Plant Number per Treatment

The formulsa 3%—0 was employed to determine the

minimum number of plants required per treatment, where -

a

i

detectable difference at 5% level

c coefficient of wvariation

1l

n = number of plants per treatment
4 was arbitrarily taken to be about 8% of the mean as it was
anticipated that in the projected experiments the individual
treatment respohses would support one another because of the
range of levels intended for each variable.

Substituting in the formula "the height of the first
leaf" values from Table 23==0.,08 x 7.85 = 3 x 11,73

/I
n = 32 approximately

Biological Test

The two oat varieties Algerian and Milford were used
as plant indicators in the first experiment, but as the result
of information gained therefrom, only Milford was employed for
the second experiment.

Equal weights of soil for each treatment and partic-
ular soil type were placed in 3 inch clay pots and 16 oat seeds
inserted vertically at equal spacing around the perimeter of
each. It was found that this number of oats could be grown per
pot Withouf undue crowding while the above method of planting
meant each seedling received, as near as possible, equal light
and moisture and the etiolation of any plants was precluded.
Two pots were required for each treatment to provide the mini-
mum number of plants. The seeds were covered with % inch of

coarse sand., Sufficient moisture for germination
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Fig.3.Standard graph for pyridine test for T C A.
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and.growth, but not an excessive amount to cause leaching,
was applied by means of a fine sprinkler. At the conclusion
of 14 days' growth the coarse sand was readily tipped off
and the heights of the first leaves measured in millimeters
from the grain apexes.

The heights of plants in treated soil relative to
plant height in untreated soil was regarded as a measure of

TCA concentratione

Chemical Test

The colormetric test described by Barrons and
Hummer was employed, with only slight modification, through-
out this investigatione. The basic principle of the test
is the breakdown of trichloracetic acid in the presence of
sodium hydroxide to yield chloroform which when boiled with
pyridine develops a magenta colour. The intensity of colour,
determined by means of a photometer, is a measure of the
concentration of trichloracetic acid.

A standard solution was prepared by dissolving
1 gme TCA in 100 ml. distilled water (i.e. 10,000 p.p.m.)
Aliquots were diluted to obtain a range of concentrations
from 5 to 120 p.p.m., and the standard graph (Fige. 3. )
prepared.

The Zeiss photometer employed was equipped with a
logarithmic scale and thus the light transmitted was read
directe.

For quantitative detection of TCA in the soil
samples, 20 gmse. soil was vigorously shaken with 20 ml.
water, filtered, and the colour developed by O.5 mle. of the
filtrate determined and the concentration of TCA read off
the standard curve.s These quantities were pre-determined as
those which in the leaching experiment (Experiment 1), elim-
inated the need to use the extreme limits of the photometer

scale where accurate readings are difficult.

For the second experiment, 50 gms. of soil was
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shaken with 25 mle. water and O.5 ml. samples tested. A
greater volume of test solution c aused turbidity in the
pyridine layer which made accurate colour matching diff-
icult. The silt loam extract was worst in this respect
but the addition of a few drops of barium hydroxide caused
floculation of the soil particles and a clear sample was
readily obtained on filtering. .

Greater sensitivity appeared to result from adding
the pyridine (7% mle.) to the soil extract (0e5 mle) and
the sodium hydroxide (5 mle. of 1/20 N) last than by other
sequences. Because of the extreme sensitivity of the test,
it was essential to run blanks on all reagents including
the distilled water since appreciable colour may be obtained.
The addition of a few drops of barium hydroxide was not
found to interfere with the test.

Barrons and Hummer (6) reported that in their
tests the magenta colour developed was stable for a period
of several hours but that was not found to be so in these
experiments and therefore all readings were made 2 minutes
after the test material had been boiled for 5 minutes.

A chemical test performed on samples of each soil
type within two to three hours after TCA treatment, showed
that the procedure adopted obtained approximately 95 and 90%
recovery of the herbicide.from the loamy sand and the peaty

and silt loams respectively.
EXPER IMENTAL

Two main experiments were conducted to determine
in three different soils :-
(1) The effect of rain on the movement of TCA;
(2) The effect of temperature on the rate of break-
down of TCA.
Experiment 1
Columns of soil were treated with varying rates
of TCA, subjected to fixed amounts of simulated rain dis-

tributed evenly over a period of one month, and then the
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distribution of the TCA determined.
(a) Preparation of Soil Columns

To facilitate the rapid and accurate sampling
of soil columns at various depths, a modified technique
of Robbins, Craft and Raynor (4O) was employed. It was
calculated that from each one inch horizon, approximately
LO cubic inches of soil would be required for the various
testss To provide this volume, cylinders 9 inches high
and 7.1/3 inches in diameter were therefore constructed
from polyethylene tubing, bases being fused into pos-
ition by means of heat.

In the centre of each base a small incision was
made in the form of a cross and over this a few large
pieces of crock placed to enable rapid drainage.

Makarua peaty loam was lightly packed into one
cylinder to within % inch of its tope. An equal weight of
soil was then placed in a further 24 cylinders and each
compacted to the same height. The same procedure was
adopted for the other two soil types thus ensuring a uni-
form degree of consolidation of each cylinder of the same
soil typee.

The filled cylinders were then watered uniformly
with a fine sprinkler and left to stand for 24 hours for
any excess moisture to drain oute.

(b) Application of TCA

Four cylinders of each soil type were treated
with TCA at the rates of . 6,25, 12.5, 25 and 50 1lb. per
acre and five at the 100 lb. rateyand four left untreated as
controls Rather than attempt to accurately treat each
cylinder in turn all those to receive the same dosage
were randomised within a block 6 feet x 9 feet and the
entire block treated as uniformly as possible by means of

a hand pump which delivered a fine spray.

A stock solution of TCA was prepared and aliquots

taken for the various treatment rates. In each instance



Flg. 4. Technique for dissection of soll columns.

(See text of paragraph opposite.)
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the volume of spray was made up to 3 pints which is equi-
valent to 300 galse per acre. This volume is at least
three times that which would normally be used but it en-
abled more even dispersion of the spray.
(¢) Rain Treatment

The cylinders were then grouped in four blocks
in preparation for rain treatment. One cylinder of each
soll type for each rate of application was included in
each blocke The extra three cylinders treated at the 100
"lbe rate were stood aside and received no rain treatmente.
To ensure that at the highest rainfall rates water did not
stagnate in the cylinders they were spanned across wooden
slats such that the bases were convex and any water which
leached completely through the columns readily drained oute

Simulated rain equivalent to %, 1, 2 and 4 inches
was applied, by means of a watering can fitted with a fine
rose, to blocks A, B, C and D respectively. One quarter
of the rain was applied 3 days after the TCA application
and the remainder in three equal amounts at weekly intervalse.
In other experiments, all the rain has been applied in one
application 24 hours after the spraying, but it was con-
sidered that spreading thg rain over a period of one wmonth,
as in this experiment, the highest rates more closely
parallelled normal rainfall for the Manawatu District
where the average monthly rainfall approximates 3 inchese

After the final rain treatment, the cylinders of
soil were left to stand for 3 days, when it was considered
all leaching would have ceased, before sampling commenced.

(a) Dissection of Soil Columns

A measuring rod was first inserted between the
plastic cylinder and soil and then the top of cylinder
turned outwards and pulled down to expose in turn-each one
inch horizon of soil which was sliced off with a carving

knife (See Fig. 4, at left). Only the soil from the four
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Fige. 5. Layout of Block A, Milford oats, in the
glasshouse., Blocks B,C, and D were similarly

arranged.
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levels, O to 1, 1 to 2, 3 to 4, and 5 to 6 inches was
retained for analysis. As each of these horizons was
sliced off it was thoroughly mixed in a beaker and then
an equal weight of soil, for each particular soil type,
placed in four 3 inch clay pots for the biological teste.
A small sample was also placed in a plastic tube for the
chemical test. Because of the volume of work at this
juncture the four tubes of soil from each cylinder were
bound together and placed in a refrigerator set at -59C
in order to arrest any breakdown of the TCA by soil micro-
organisms? before the soils could be subjected to the
chemical test described on page 1l5.

(e) Layout for Biological Test

The pots were placed in trays and set out in
Li blocks using the split plot technique. Each tray con-
tained 18 pots -

All 3 soil éypes x all 6 rates of TCA, for

a particular rain, horizon combination.

Included also in 12 trays within each block was
one pot from the cylinders receiving no rain:after treat-
ment with TCA at the 100 lb. per acre rate - i.e. 3 soil
types X 4 horizons. Milford oats were sown in the blocks
A and B and Algerian in blocks C and D, — i.ees two replic-
ations for each variety. (Fig.5.)

The trays were supported on raised platforms on
the glasshouse benches so that the tops of the pots were
above the level of the concrete wall and thus shading ef-
fects greatly minimised. The pots were randomised within
the trays, and the trays within the blocks, the latter
being changed daily and each time the trays turned end for
end. By this procedure it was considered that the total
light received by each pot was almost equal without the
need for complete randomisation of all pots within each

block daily.

Plant heights were recorded after 1L days' growth.

¥ Bagsed on findinca anf Tanetalat and Tarman! AN land ~dleac~lkh

mr
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Experiment 2

Blocks of soil were treated with TCA, maintained
at different temperatures for two months and at intervals
during this period samples tested for TCA content whence
the rate of breakdown of this herbicide was determinede.

(a) Treatment of Soils with TCA

The remainder of the three bulk lots of Foxton
loamy sand, Manawatu silt loam, and Makarua peaty loam,
which ﬁad been sieved and mixed in preparation for Exper-
iment 1,were thoroughly wetted and left to drain for 48
hours when each was again well mixed.

A wooden grid of three units, each 51" x 51" x
L" was constructed on a concrete floor and each of the
units filled uniformly with one of the soil types.

A ~stock solution of TCA was prepared and aliguots
taken for the two treatment rates. In each instance, the
volume of spray was made up to 3 pints and applied, by
means of a hand pump which delivered a fine spray, as uni-
formly as possible within the perimeter of the gride This
spray volume is equivalent to 300 gals. per acre,

The first filling of the grid was used as the
control and therefore was sprayed with watef onlye. The
second and third fillings received TCA treatment at the
rates of 50 and 100 1lb. per acre respectively.

It was considered preferable for this experiment
to have an even distribution of the TCA throughout the
soil mass, therefore after the treatment, the soil in each
of the grid units was, in turn, thoroughly mixed by re-
peatedly turning it per shovel on the adjoining concrete
floor.

(b) Prepgration of Temperature Controlled Propagating
Pits

Three propagating pits in the greenhouse were
utilised for this experiment. =~ Two were equipped with elec-

trical (hot wire) soil warming units and the temperatures
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in each thermostatically controlled. One was set
initially at 62°F and the other at 74°F while the third
was left unheated, the ambient temperature being approx-
imately 50°F,

A grid of nine units, each 17 x 14 inches, was
constructed on the sand base in each pit. Three units
were filled to a depth of 4 inches with Makarua peaty
loam, one untreated and the other two treated with TCA at
50 and 100 l1lb. per acre respectively. Similarly treated
soil of the other two types were placed in the remaining
8ix units.

(c) Moisture and Temperature Maintenance

Throughdut the dufation of the experiment each
pit was regularly lightly damped down to maintain a moisture
level sufficient for plant growth and for the normal act-
ivity of soil microorganisms. The small volume of water
for this purpose was delivered through a fine rose and it
was considered that negligible leaching occurred.

Twice daily, at 9 a.me and 3 pem., the temperature
in each pit was recorded and in the initial stages the
thermostats regulating the temperatures of the two heated
pits adjusted slightly as required to maintain the temper-
atures as near as possible to the pre-determined figures.

(d) Tests for TCA Content (See also pages 1l to 16)

From each of the 27 units in the 3 pits, sa@ples
- were taken 6, 18, %9 and 58 days after treatment, and tested
immediately for residual TCA content. Several samples
were taken at random from each unit by plunging an open
sharp-edged metal cylindef of 1" diameter into the soils
to a depth of 3 inches and withdrawing the contained volume
of soile The samples from each unit were bulked and
thoroughly mixed and any soil surplus to the requirements

below returned to that unit.from which it was taken.

Two 3 inch clay pots were filled with soil. from



224

each unit making a total of 5. These were placed at

random in 3 trays, and as in Experiment 1, the trays raised on
a platform so that the pots were not shaded by the greenhouse
walls, In each pot 16 Milford oats were grown and at the
conclusion of an arbitrary growth period, the heights of the
first leaves measured.

The environmental conditions in the unheated
greenhouse varied slightly for the 4 biological tests and
thus for the second, and subsequent tests, the growth period
was extended or shortened by a few days such that the height
of the oats in the control pots approximated the height the
controls attained in the first test (i.e. that conducted 6
days after T C A treatment).

Immediately the pots were set up a chemical test
was performed on each of the 27 soil samples.

No True Replication

Basicglly neither experiment was replicated. It
was not physically possible with the facilities availlable and
within the time allotted to have extended the experimental
work undertaken. Though replication is desirable it is doubt-
ful if such would have materiglly affected the results obtained.

In respect of Experiment 1 the number of rain or
T C A treatment rates could have been reduced to permit reﬁlica—
tion but it was considered preferable to obtain information on
a wide range or rates in the belief that confidence in the
reality of effects would be derived from an internal consistency
of trends between levels of the various factors.

The second experiment was limited by the availability
of only three propagation pits. Again confidence in the
results depended on obtaining a consistency of effects of
various factors.

Though in both experiments there was no basic replica-
tion, the minimum plant requirement per treatment was divided

between two pots, and in the first experiment this was repli-

cated in that there were two pots for each variety.
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RESULTS

Experiment 1

The results of the biological and chemical tests,
classified by soils, amount of simulated rain, amount of
T C A and depth of soil, with soill and rain as primary classes,
are presented in Tables A3 and Al of the Appendix*, In the
chemical test, a trace of colour was developed in all control
samples. It was known that no T C A had been applied to
these soils prior to their being taken from the field and .
therefore the slight colour developed by the pyridine test
must have been due to impurities. For clarity, the control
readings have been adjusted to zero and the concentration of
T C A in the treated columns reduced accordingly by the amount
of "apparent T C A" in the respective control.

From inspection of the data dne would anticipate
interactions between most, if not all, of the factors involved.
It was considered that the most intelligible approach to the
analysis of the three sets of results would be to plot the
biological data, separately for each oat variety, against the
chemical data to see if the oats were responding to any effects
not disclosed by the chemical tests. Should any such effects
exist, the particular data could then be subjected to sfatis—
tical analysis.

The simplest combination of factors, levels of
T C A and depths within each soil, are shown graphically in
Figs. 6a, 6b, while Figs. 7a, 7b show the combination of levels
of T C A and rainfall applied to each soil, In no instance
can any consistent trend be discerned other than that due to
factors which affect the concentration of T C A. It is clear
that the heights of the oat plants are directly related to the
active concentrations of T C A, as determined by the chemical
analyses, and that breakdown products are not significantly
affecting these results. Soil levels and precipitation are

not significant other than to change the amount of T C A.

% Hereafter for tables prefixed by A see Appendix.
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There is such a close correspondence between the
biological and chemical tests that it was redundant to consider
them separately. The tabulated results (Tables A3, Aq)
and the graphical presentation of the residual concentration
of T C A in those columns treated at the 12.5 and 50 1lb. per
acre rates (Fig. 8), shows clearly that the residual concen-
tration of T C A in each soil and at each depth is dependent
on the joint effect of amount of rain and rates of T C A
applied.

The experiment as designed has no true replication
since there was only a single column prepared for each
factorial combination of soil, T C A level and amount of rain.
The partitiéning of each column ihto four pots, two for each
of two varieties of oats, made possibie the estimation of
a bioloéical assay error wﬁich however understates, to degree
ﬁnknown, the true error for.compari;on‘gﬁ treatments. A
statistical analysis, subject to this 1imi§?tioqj WaggmadgA

of the oat data and this confirmed the visual impression that

all main effects, first order and higher order interactions
were significant; that‘is the pattern of yieid for levels

of T C A X depth changes with level of rain and with soil.

The essential details of the primary analyses within soils and
levels of rain are given in Tables Aba,Abb, and the full
analyses involving the interaction bgtween solls is given in
Tables Aba ,A6b,

It must be kept in mind that the moisture content
of the soil columns was adjusted to approximately field
capacity prior to their treatment with T C A. Although the
volume of herbicidal spray applied was equivalent to only :
0.013 inches of rain, it was considered that this amount may
have transported some of the T C A below the surface inch
because of the moisture condition of the soil columns at the
time of treatment.

In order to find out the initial distribution of

T C A, the three soll columns which received no rain after
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Fig. 9. Distribution of TCA applied to the soill surface

at the rate of 100 1lb. per acre &g an aqueous sSpray
equivalent in volume to 300 gals. per acre (equals 0.013
surface inches of water), No rain was applied subsequently.
From left to right— M11lford ocats grown in soll horizons
0—12 1-2: 3~4; 5-6: and Algerian oats similarly.

Top row—— lManawatu silt loam; Middle row-—Makarua peaty

logm; Bottom row-——Foxton loamy sand.
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the application of 100 1b. T C A per acre were dissected
and the horizons tested for T C A content. TabieA?.incor—
porates the results of both the chemical and blologlcal tests,
and the latter is also illustrated in Fig. 9. The growth
of Algerian oats indicated that a little T C A had leached to
the 3 to 4 inch horizon in the silt loam and loamy sand, but
only a trace was indicated at thie depth in the ﬁeaty loam.
Milford oats grown in the same soils from this region showed
no depression of growth indicating that the T C A concentra-
tion was of a low order which was confirmed by the chemical
test, being 0.5, 2.3 and 2.8 p.p.m; respectively for the
peaty loam, silt loam and loamy sand. An appreciable amount
of T C A was found in the 1 to 2 inch horizon of all soils,
but again the peaty loam contained the lowest concentration
indicating that the herbicide is less mobile in.the organic
soil, In all soils, the amount of T C A in the surface inch
was greater than that found after 0.5 inch of rein treatment.,
- Neither test detected T C A in the 5 to 6 inch horizon of any
of the soils, It could therefore be assumed that none of the
applied herbicide had been leached from the soll columns, and
since each received the same amount of T C A initially,
different rates of loss must have been due to the different
physical properties and biological activity of the three soils.
The sums of the concentrations for the four horizons tested
in each soil column present a striking difference, being
102.3, 70.8 and 66,8 p.p.m. for loamy sand, peaty loam and
silt loam respectively. The rate of breakdown or inactivation
of the T C A in the peaty loam and silt loam is obviously very
similar but much faster than in the sandy 1oanL- : :

An inspection of Table A4 similarly reveals that
the overall recovery of T C A from the peaty leam and silt
loam was approximately equal. Much greater recovery was
obtained from the loamy sard.

Referring again to Fig. 8 and also Fig,. 10,(6ver~,
leaf) s 1t can be seen that the general pattern of leaohlng of

T C A is similar in the three soils, but that there was a
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greater herbicide movement in the loamy sand than in the
other two soil types., Even after the application of 0.5
or 1 inch of rain the greatest concentration of T C A was
still in the surface inch of soil of all three types, but
as would be expected, the concentration was reduced with
each increment of rain. With the application of 2 inches
of rain the residual T C A was fairly evenly distributed
throughout the columns to a depth of 4 inches, and an
appreciable amount leached to the 5 to 6 inch horizon, and
no doubt deeper, but no attempt was made to analyse the
leachates from the columns. In‘the‘peaty loam and loamy
sand the greatest concentration of T C A was found in the
3 to 4 inch horizon after L4 inches of rain treatment.
Approximately three-quarters of this amount was found in
both the 1-2 and 5-6 inch horizons with a little less in the
surface inch of'the peaty loam and appreciably less in the
.1oamy sand. In the silt loam receiving 4 inches of rain,
the residual T C A was uniformly distributed throughout the
entire columns Wiﬁh the exception of the one treated at the
100 1b. rate in which, possibly by chance, the concentration
in the surface inch was only half that in the lower levels.
It is obvious that when the simulated rain is applied evenly
over a period of one month to each soil treated initially with
12.5 1b. or more of T C A per acre, an amount in excess of 4
ineches is required to reduce the herbicide concentration to
insignificant levels in the surface inch and lower horizons
to a depth of 6 inches.
Experiment 2

The results of the chemical and biological tests
are presented in Tables A8 and A9 respectively. The logarith-
mic values are given since these were used for the statistical
analyses, The chemical data has been adjusted, as for Experi-
ment 1, in respect of '"apparent T C A" in the controls.
Because of the slightly different environmental conditions in
the glasshouse for each of the biological tests it has been

necessary to reduce the average recorded heights of all control
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plants to 100 and express the heights of planté grown in
treated soil as a percentage of the respective control
thereby enabling a comparison of relative heights. The
values given in Table A9, for the 50 and 100 1lb. rates are the
sums of the two percentéges calculated for the two pots of
oats for each treatment.

The temperature in the unheated pilt reached
an average daily reading of approximately 60°F on 25th
September when the last test was made. This rise in the
ambient temperature had little effect on the heated pits
until the final three weeks when a maximum rise of B.BOE
was recorded in both pits giving final readingé of 65.5°
and 77.5OF respectivelj. In the statistical analyses des-—
cribed below, these temperature rises have been ignored.

The different drying rates of the soils in the three
pits required different watering rates to maintein them at
an approximately uniform moisture condition. This water was
delivered as a fine spray from a hose during the routine
damping down of the glasshouse and therefore no record of the
total volumes applied was possible.

(1) Chemical Test

The chemical data was analysed for eqch soll separately
using logarithms of active concentrations of T C A. By
making an analysis of relative effects it was hoped that the
interaction of concentration with the other factors would be
more simply expressed and that there was some prospect that
higher order interactions would not be substantially in excess
of true replicate error, had the experiment been replicated in
fact.

The separate and the combined analyses flor the three
solls are given in Teble A1Q9. It is clear from the separate
analyses, that the efféct of period of treatment, concentra-
tion and temperature and all first order interactions exéept
temperatﬁie X concentration are significantly greéfér than

the second order interaction in each instance.
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The mean square for.temperature X concentration is
consistently iess than the second order interation, but this
is likely to be a chence effect. The indications are that
the temperature x concentration and higher interactions with
days and soils are homogeneous and may be taken as pooled
estimate of error. This gives a mean square of 0,00093, based on
2l degrees of freedom, which is used for the error term for both
the separate and combined analyses.

Relative to this estimate of replicate varignce the
combined analysis indicates a significant difference between
Boils and an interaction of soils with days, temperatures and
concentrations of which the most important is solls X daysq
The main contribution to this interaction comes frqm substantially
faster rate of decline in the Manawatu silt loam than in the
other two soils, The temperature effect is also greater in the
Manawatu silt loam than in the Foxton loamy sand and even more
so than is Makarua peaty loam, oy

Manawatu silt loam differs in its pattern from the other
soils in that the différence between the logarithms of residual
T C A for both 50 and 100 1lb. per acre treatment rates does not
change with time, whereas with the peaty loam and loamy sand the
difference becomes smaller, With the latter two solil types
the effect of period of treatment on the higher concentration is
relatively greater than on the lower concentrations

In the interaction of days x temperature all soils show
the same pattérn of a greater rate of herbicide dissipation with
time at the highest temperature and this is most apparent with
the silt loam, The component of interaction which is most
affected by this feature is the difference in linear trend for
BOOF and 740F. The difference in all cases 1is significant.
(2) Biological Test

The logarithms of the heights of the oat plants (Table
A9) give a pattern of responses which closely parallel the
results of the chemical assay. (See also Fig. 11) An analysis of

varianee of the biologlical data 1s presented in Table All.
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Because of the non-linear relation between oat height
and residual T C A one would expect some difference in trends in
the interaction tables. The plot of oat height against the
residual concentration of T C A for each of the soils (Fig.12),
suggests that the same residual concentration of T C A in soils
treated initially at different rates give different yields.

For example there is a very strong indication that the height of
oats sown in the Manawatu silt loam 6 and 18 days after treat-
ment with T C A at 50 and 100 1lb. per acre respectively, when the
residual herbicide concentration was in each instance approximate-
ly 4O to 50 p.pem. , was slightly greater in the soils treated
initially at the 100 1lb. rate.

The indications are that the slopes of the plant
growth curves against active concentrations for the two rates of
T € A are different in these regions, However if one ignores
this, a covariance analysis (TableA12)restricted to the extreme
values* of the curve for the 50 1lb. application rate and the :
corresponding nearest on the 100 1lb., curve indicates that the
differences in the oat heights at a common concentration of
active material are real for both the loamy sand and silt loam.
The separation of the two curves for the Makarua peaty loam was
less marked but otherwise very similar. In the latter instance,
however, the values for 39 days.on the 100 1lb. curve are those
which correspond more nearly to the extreme values on the 50 1b.

Curve,

% Encircled points of Fig. 12
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DISCUSSION OF RESULTS

The experimental results presented in the preceding
Pages have confirmed the findings of workers in other countries
that the movement of T C A in the soil is dependent on the
solil type and rainfall, and that these factors, together
with temperature, govern the rate of loss of the herbicide
from the soil. However the degree to which these factors
affect the herbicidgl activity of T C A was here demonstrated
to be very different from the reported results of some other
similar experiments.

The soils used in this investigation were Makarua
peaty loam, Manawatu silt loam, and Foxton loamy sand.
The observation of Arakeri and Dunham (1) that rainfall most
significantly affected the persistence of T C A in the soil
was confirmed by the result; of the present study. The patter:
of leaching of T C A was found to be similar in the three soil
types but there was a greater herbicide movement in the loamy
sand than in the other two soil types. Since T C A is highly
soluble in water it would be expected that the herbicide
would be carried freely with the gravitational movements of
the soil water. Such movements would be greatest in the
loamy sand through the relatively large interstices between
sand particles. There would be féw macropores between the
fine soll particles of the peaty loam gnd silt loam, and
imbition of water by the colloidal matter of these soil types
tends to clog the connecting pores and restrict gravitational
water flow.

The very poor control of Agropyron repens infesting

certaln porous soils in the Auckland Provincé can be simply
accounted for by the moderately high rainfall rapidly leaching
the T C A beneath the root zone.

If it was desired to use T C A as a pre-—emergence
spray for the control of seedling annual grasses in a crop
intolerant to this herbicide, the results obbtained in this
investigation suggest that deep planting would afford the

crop little protection from the toxic effects of T C A in:

any of the soil types studied for even without subsequent
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rain an appreciable quantity of the herbicide was found at

a deptch of 2 inches in all soils. The applied spray volume
was equivalent to 0,013 surface inches of rain. In each of
the three soil types some T C A was found to leach to a depth
of 4 inches after the application of % inch of rain which
confirms the findings of Loustalot and Ferrer (20). However,
if the soil is not tilled after T C A applications, between

1 and 2 inches of rain would be required in the month following
treatment to carry a lethal amount of the herbicide to the
deepest roots of rhizomatous grasses, such as Agropyron repens,
in all three soils studied. The normal monthly rginfall for
the Manawatu District should precludé any failure teo ceontrol
the above species due to insufficient of the applied T C A
coming into contact with the roots.

Whereas Ogle and Warren (29) found that 2 inches
of rain resulted in the greatest concentration of T C A
being found at a depth of 2, 4 and 6 inches respectively in

silt loam, peat loam and sandy loam, in the current investi-
gation the greatest concentration, after 2 inches of rain,
was found at the 1 to 2 inch lewel in each of the three soils
studied which were similar to those above. The conflicting
results can possibly be accounted for by the fact that in the
former experiment all the artificial rain was applied at the
one time, while in the latter it was given in four equal
amounts at weekly intervals. It would be reasonable to
predict that the large volume of water applied to the soil
shortly after T C A treatment would have the greatest leaching
effect, and this would be most evident in sandy soils,

The growth of mats, used as plant indicators, showed
that more than 4 inches of rain is required to reduce to
innocuous levels, even in the surface inch of the loamy sand,
the concentration of T C A applied at the 6 1b. per gcre rate
and logically there was a greater residual toxicity in the

surface of those soils which received greater amounts of T C A.
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It would appear that Digitaria sanguinalis is much more

tolerant to T C A than were the oats employed in this investi-

gation for Ogle and Warren (29) using D. sanguinalis as a

plant indicator, reported that in sandy and silt loams treated
with 8 1bs T C A per acre most of the herbicide leached out
with 2 inches of rain and all with 4 inches, and that while

2 inches removed little T C A from the surface inch of

peaty loam all leached out with L inches of rain. Though

the latter‘workers applied all the rain at the one time and
the soil types may have been very different from those
employed in the current studies, the need for careful inter-
pretation of results is indicated when plant indicators are
used for detecting.T C A residues in the soil.,

Blough and Fults (7) suggested as a result of their
experiments that a substantial portion of applied T C A may
be adsorbed by organic colloids. The results of the present
investigation would suggest that the inorganic colloids similar
ly adsorb T C A which theory supports the opinion of Rai and
Hammer (38). Adsorption of T C A by inorganic colloids
would account in the chemical tests for less recovery of T C A
from the silt loam than the sandy loam which was deficient in
both forms of colloidal material. If this theory is correct,
the biological test suggests that the adsorbed T C A is held
in a form not readily available to plants and that they show
a morphological response indicative of only the free material.
The same view is held by Ogle and Warren (29). The colloidal
adsorption of T C A would account for the findings of McCall
and Zahnley (22), Lynch (21) and others,that higher rates of
this herbicide are required for control of Agropyron repens
in clay loams than in lighter soil types.

In the studies reported here, an inerease in the
temperature produced a small but significant increase in the
rate of breakdown of T C A in the soil, Though Kratochvil (19
demonstrated that small amounts of T C A reduced the activity

of soil micro-organisms, it is probable that some of the
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breakdown of T C A can be attributed to microbial activity.
A small rise in the soil temperature would be expected to
increase biological activity and result in a more rapid dis-
sipation of the herbicide. However, the period of time for
the breakdown of T C A was shown to be more significant than
temperature in these studies where the lowest temperature was
50° and the highest 74°F. Hight weeks after the application
of T C A the residual herbicide concentration in the soil
treated at 50 and 100 1b, per acre respectively was found in
both the peaty loam and loamy sand, at all temperatures, to
be approximately 35 and 27% that amount detected 6 days after
the herbicide application. Disgipation of T C A in the silt
loam was different in that the rate of breakdown was similar
for both treatment rates but after & weeks the percentage
residual T C A was shown to be approximately 15 and 28% of
that at the sixth day test in the pits at 50°F. and 74°F
respectively. No satisfactory explanation can be suggested
to account for the dissipation of T C A in the silt loam not
following the pattern of the other two soil types. Ogle and
Warren (29) found that peaty loam treated with 8 1b. T C A
per acre and stored at temperatures between u6o and 95OF.
required 12 weeks for complete breakdown of the herbicide.
Silt loam and fine sand treated similérly required more than
12 weeks for complete dissipation of the herbicide, but at
the 12th week a greater amount of T C A wgs found in the sand
than in the silt loam which compares with the tests at the
8th week in the current investigation.

The pattern of curves of cat height plotted against
T G A concentration (Fig.12.) in the temperature study may
possibly be explained by the knowledge that soils taken
from the field and placed in pots in the glasshouse may
accumulate very large amounts of nitrogen. The nitrogen
accumulation after 18 days incubation would be expected to
be more than that after only 6 days. Though the warmer
temperature would be partly responsible for the shorter growth

period required for control plants to attain equal heights in
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the second and subsequent biological tests, the very small
rise in temperature at the second test would suggest that
a greater supply of nitrogen may have been partly responsible
for the more rapid growth. If this explanation is the
correct one, then it would appear that the rate of nitrogen
accumulation after the second test date was very much slower
than initially. This would account for the curves converging
as the nitrogen level approximated its maximum,

It cannot be argued that the result obtained was
due to beneficial breakdown products of T C A for, if such
was the case, the curves would rather diverge because with the
passage of time there would be a greater amount of breakdown
product from the highest treatment rate.

The very close parallelism of results obbtained by
the chemical and biological tests shows that there is little
to choose between them for the detection of T C A in soil.
However, for any future analyses of soils for the presence of
this herbicide the chemical test would be strongly favoured
because it is very quick and the active concentration is deter=-
mined, whereas, with the biological test, one can only compare
yields of the test plants as an indication of the relative
amounts of T C A. Differences in nutrient levels can seriousl]
mask the true effects in biological tests as can also the
environmental conditions during the test growth period. Thoug!
a growth period of 14 days was found sufficient for oats, other
test plants may require longer to produce adequate growth for
comparison of treatment effects, and, where a herbicide breaks
down rapidly in the soil, the concentration at the commencement
of a biological test may be very different from that at the
conclusion. Such was not the case with T C A under the
conditions studied.

Indicator plants may be superior to chemical analyses
for the estimation of residual amounts of other herbicides

when there is a significant effect due to breakdown products.
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Hor. fulil information, the simultaneous analysis by chemical
and biological methods may be desirable for other herbicides,
but for T C A the chemical test alone provides adequate |
information and is superior to a biological test becguse of
the many variables with the latter.

An observation from the preliminary work to the
main study which deserves‘emphasis is that a particular con-
centration of T C A is not equally phototoxic to all varieties
of oats grown under identical conditions. Other workers
(3, 32, 42) have tested the tolerance of many crops to
different rates of T C A, and have grouped them according to
whether they were tolerant, susceptible or of intermediate
tolerance. Such broad groupings serve as a general guide,
but varieties have seldom been specified and it is probable
that in each instance the tolerance rating of a species has
been based on the reaction of a single variety. It is unlikely
that the difference in varietal tolerance detected in this
investigation is peculiar to oats treated with T C A, and it
is therefore concluded that recommendations of herbicide rates
for selective weed control on a commercial scale should not be
~ based on the tolerance assessment of only one variety of the

crop in question.
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SUMMARY

The effect of rainfall and temperature on the
distribution of herbicidal activity of sodium trichloracetate
(T C A) applied to three different soil types are presented.

Preliminary investigations showed nine varieties of

Avena sativa to respond differently to equél concentrations of

T C A and two were selected, for the main investigation, as
being suitable indicators for the biological assay of residual
B 0 A din-the seil; Conjoint'ly with each biological test for
T C A a pyridine colour test was made and the results
compared.

l. In the glasshouse T C A was applied at five rates
(6.25, 12,5, 25, 50 and 100 1b. per acre) to columns of peaty
loam, silt loam and loamy sand. <Llhese were then leached with
four rain rates (0.5, 1, 2 and L inches), given in four equal
amounts at weekly intervals, and the residual gquantity of
herbicide at various depths (0 - 1, 1 - 2, 3 — L4 and 5 - 6
inches) determined.,

The retention of T C A 1in the loamy sand was less
than in the other soil types, but the general pattern of
leaching was similar in each, Rainfall more significantly
affected the movement of T C A than did soil type. All main
effects, first and higher order interactions were shown to be
significant.

2. The above three soils were treated with T C A at
50 and 100 1b. per acre and stored in propogating pits at
50°, 62° anda 74°F. After 6, 18, 39 and 58 days the residual
amount of herbicide was determined by both biological and
chemical tests.

: An increase in t emperature was found to significantl;
affect the .rate of breakdown of T C A but the period of time
for inactivation was demonstrated tc be far more important.
The greatest effect of temperature was in the silt loam.

The very close parallelism of results by the

chemical and biological tests in both experiments indicates
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that there is no effect due to breakdown products of T C A.
Since the chemical test enables the rapid determination

of the herbicidal concentratien it is preferred to the
biological test which is laborious, subject to many variables

and provides information of only comparative amounts of T C A,
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Table Al. Average height and fresh welght of tops of nine varieties of oats grown in loam treated with 5 rates of TCA.
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presentation of height data of 5 varieties.) :
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Percentage xVisual
Germination Assessment
Oat Variety Interim Final of Height
5 Dayse 8 Days Variations
Abundance 52 5T 2
Algerian 97 - .98 5
Binder 69 71 2
Dun 84 99 2
Garton 96 g7 4
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Onward 89 o4 )
Russet 89 90. 2
Spitfire 43 439 1l
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® 5=1ittle varlation; 1= much variatione.
Table A 2o Oat seed = vitallty and growth variation
. Algerlian and Mllford obviously the most
satisfactory lines for use as plant

indicators.
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(T, T x H) x Blocks 20 28e3 2%a9 357 1016
T o o i P S s ) e S D e S o )t e 5 A o B i 0 e 0 oy kS T o . N TR s 8 e st O i o 0 e o o o G o s v oy
Foxton . Loamy Sand
D iy Sy S Sant e S el e e -B-'-‘-%ﬂl—dbbnn—tun-‘-—di-~~-Hatﬂu«ﬂ'—-d-hq--wnﬁ-u-aﬂs-qn-cﬁnmg‘&b.‘qﬁnu_-—-—-‘n—”"Wﬁﬂhﬂ"-ﬂ*‘ﬂ--t—"-"--'“
| Rain | (inches)
5
| 0e5 - | 2 4
Sour'ce '*-“'*’9""‘"'-""-‘—“‘—'i~q~-diq0-0-4n-.--'----oan--uunmﬁn-aunuuéum-ﬂnn«--tmm--ban—ﬂ‘--u-n-u-ﬁv-n-umgﬂn
| D.F. M.S. M. S, M. 8. M.S.
———————————————————— W . 5 s g S o} D ety S - ooy iy D G s g G ] o7 g sy Wi o) e B e ) SR NP ) 9 e ity W5 (5 T o Y et Y v W Vo) Sy BI0f ik G o Sy o A St ik S g B B e S cnly
Blocks 1 12507 5e3 12,7 4042
Horizon (H) 3 131275 XXX 86078 xxx | 13682 xxx 46946 xxx
H x Blocks 3 1945 1840 3844 5643
TCA (T) 5 528365 xxX 663269 xxXX 10126@4 XXX 658641 xxX
T x B 15 10058 xxX 993,7 XXX 24342 xxXX 22943 XXX
(T, T x H) x Blocks 20 25,9 3545 47.7 101.4
-:u-.un-n;s-b-nueu-"-—-a—-aaﬂgh-ﬁﬂwqau-’y—ﬁah——a-svn--aa-«-n-»-nmuaupa-..-‘—uan-mﬁ“nﬁﬂ*““-ﬂ-' —————— e v Sl Wy
Table AS5b. Analyses of Varlance in Milford oat heighte [x P<0.05; xx P<<D.0l; xxx P<8.001.)
(See ‘'page 24 for details.)
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(a) : Makarua Manawatu G Interaction with Soils
: Peaty Loam  8ilt Loam Effects St

Source O 0 e e i i e e 0 i S e s e o b 5 0 4 e R

e A R i S o . SO e WO
Blocks 1 82¢3 34745 142.0 ; 52345 ‘ Boil (8) 2 18433.1 xxx
Hérizons (H)Y 3 1306906 xxx 32085 xxx = 907849 xxx %22584,7 XX S x H 6 1368.0 xxx
Rain (R) = 2133.5 xxx 50249 xxX 53649 251251 xx Bx R 6 377e2 x
HxR 9  3459,1 xxx 81245 xxx 372896 xxX 682243 xx 8Sx Hx R 18 588.9 xxx
Error 15 117.8 10548 2372 242,6 Pooled Error 272 89.0

TCA (T) 5 285490 xxx  8150s9 xxx 25704e2 xxx [T069847 xxx 8 x T 10 85207 xxX

T %1 15 9704 xxx 442,9 xxx 80246 xxx | 17942 xxx S x T X H 30 21048 xxx

T x R 15 108645 xxx 50449 xxx 59049 xxx 122697:xxx B8 xT xR 30 37T«8 xxx
Tx Hx R 45 296,9 xxXX 201.0 xxx 3679 xxx | 559.5 xxx S8 xTx BXR90 18535.1 ®%xX
Error 80 ' 93.0 T35e4 94,7 | 7(89.0) Pooled Error 272 89,0

(b)

Blocks 1 81l.1 TeT 883 8led Soils (8) 2 392948 xxx
Horizons (H) 3 15941.0 xxx 8841.4 xxx 130258 xxx ‘36075.2 XXxx B xH 6 8665 xxX
Rain (R) 3 T86e2 xxX 82246 xxx 62.1 651le4 xxx S8 xR 6 Bll.6 xxx
HxR 9 320065 xxx 17899 xxx 35458 xxx | 80280 xxx S x HxR 18 254,41 xxx
Error 15 1543 339 5248 | 42,0 Poocled Error 272 3663

TCA (T) 5 26722¢6 xxx 2T449¢4 xxx 2763063 xxx  B81347el xxx 8 x T 10 2276 xxx

T x H 15  1007.1 xxx 66547 xxx  1224.3 xxx  2525.5 xxx S x T x H 30 185,8 xxx
Tx R 15 641.2 xxx 33849 XXX 3329 XXX O7T«% xxx L8 X% T x R 20 1678 xxx
TxHzxR 45 3519 xxX 17062 xxx 41549 xxx | 691e5 xxx 8 x Tx HxR 90 12342 xxx
Error 80 20.9 47 o4 4643 i (3643) Pooled Error 272 3603

o o 1 o i 5 T S e 0 e e o 0 0 i 58 e o 55 e it D3 e 2 %‘“““**”“*“—“*ﬁﬁ“"“~““~Q“~-*ﬁ“*ﬁﬁﬁﬁﬁﬂd"maﬂégsga
Table A6. Anslysis-of variance 1n oat (b) Milforde (x P<D.05; xx P<<0.0l; xxx P<<0.001l.)

height. (a)Algerian

., (See page 24 for details.)
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Soil Horizon TCA Concne AvgePlant Height (mm.)
Type (inse) (Depems ) Milford Algerian
*--‘-”*ﬂ-‘_—.---n_&%-—---.‘—ﬁ----—ﬂ—-ﬁﬁ--ﬂ-ﬁ--ﬂ--ﬁﬁ‘ﬂn-‘ﬁ--Mﬂ--n--u-‘ﬁﬂ
Makarua 0O = 1 57«6 301 27«2
Peaty 1 -2 12.7 11945 4344
Loam 3 e 4 Oeb 20644 154,6
5 = & 0e0 214.6 16243
All Horizons TOe8 5706 41705
Manawatu O =1 4661 2669 25.8
Silt l « 2 1894 81.1 3501
Loam 3 - 4 203 186-4 llSol
5 > 6 0.0 172.6 180.9
All Horizons 668 46760 35669
Foxton 01 6840 3042 2449
Loamy 1e2 31e5 5165 3449
Sahd 3 e 4 248 219.9 111.9
5 - 6 0.0 204.8 20603
All Horizons 1023 506¢4

ot Gy S s S e O W e e B Sy e SN M S GEp RS W SN M S S e S Gl s OGNS e S G ek e (D v ] WS S g W B PP WS e, S

% Sum of two replicates

Table A7.Distribution of T C A applied to the soil surface
at the rate of 100 lb.per acre in an aqueous
solution equivalent to BOOFgals.per acre (equals
0.013 surface inches of water), and subjected to

no rain treatmente.
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- D A e T S M G S D e e S WD SN D Cn S N SN W Y NS WD e W N RS M W T TR e We WD SD G R WD M s S S D S G R SR SIS AN R T S G M W RO G D S G e M G e TP TS G S N N M T M g M S G e e e S e S e e e M e e e e SN e G4 e R R e R R WS MR G TR e W S e SD e Am e

Perioad of Heat  Treatment : 6 Days : 18 Days : 29 Days : 58 Days ;
""""""“7"'::: """"" ;‘5‘;‘"'F""""“"""“"'7"“""“"""“ R i 5
3011 Type ITemperatﬁF€~~l§./ac. 150 100 Total , 50 100 Total , 50 100 Total : 50 100 Total ;| -
‘5__”_,_-“_'.,,_,____E“_“_,.__-:_:‘:‘_I ~~——-—-—~————-——~—-~——-——-.J-a»aac---p-—'-“--— ML—N-".-F“.‘_"—_—‘-‘—"""*"""-"-“"""'"—“'l'“'“—'-“-'“"~-'m“-‘:
Makarua 50 153  1e83 3636 1,47 1.71 3418 121 153 2.94 116 1628 2444
Peaty 62 1e55 1078 3633 1.45 1;67 3el2 1.36 1.50 286 1.08 130 2038
Loam T4 1655 1e81l 3036 | 1,49 1469 3418 1e29 1lel46 2,75 1609 1423 2432
All Temps. 4463 5.42 10605 | 4,41 5407 9e48 4,06 44,49 8455 3633 3,81 Telk ]
B e D i e o G R G 69 S G R R T e St G G s )l R ) St N R I s ot G D 2 R ) G S 0 i ) e g AT S et e P e 0 A e i e 2 W 0 D S0 S D S W D S S G D B G S D P S L e ST w0 e 65 S OB @ ol S 6w W G 0 D D @ ©0 6% w5 e e = e u--ﬂk'.'-ﬂ---nﬁ i el
Manawetu 50 1.62 1.82 3044 1,48 17O 318 135 158 2,93 1,09 1e25 2,34
511t 62 1e59 1688 34T | 1,43 1463 3406 1425 1eh42 2467 0688 123 2411
Loam T4 . 1460 1485 3645 | 1,49 1.66 3415 1e15 1le36 2651 076 1.00 1,76
A W3 T 4,81 5.55 10636 4,40 4499 9¢39 3,75 4036 8.1l 2,73 3.48 6.21
@"'""""""#"‘ S 0 > oo . L e e DT I e o 2 00 5 s B 0 R e e e 1 O 3 S S O e 5 3 e S e D e 0 P O o 5 S 0 S S 5 B e o e 0 O D G W D o 2 D %
»ch;o R b33 1.62 1.84 3046 1,50 1eTT7 3027 1le#48 1058 34,06 1428 1.32 2660
‘Loamy " ' 1e65 1e87 3652 1,48 1e67 3615 1a39 153 2692 1622 1e35 2457
Sand 1.60 1.82 3042 1.47 1.65 3.12 1036 1048 2084 1.13 1.24 ’037 ‘
All Tempse 4,87 5o53 1040 4,45 Bo00 9454 4,23 4,50 8482 3463 3,91 T.54
p-ﬁ-unq"ﬁ"h--OIMF!‘Gﬂ-&pﬂ-s:Iﬂ!‘!mhﬂsn‘u-v—ohﬁ—-nnnnanauaﬁ--hﬂuﬂn—maa'i‘ﬁge-ucncwna‘mﬁmﬂbonnuﬁ----l-t-ta ------ D 6P 50 o o @0 = ou @ -0 e o= ----"-'-’ gakv A T
50 4,77 549 10026 4,45 5418 9463 4424 4,69 8493 3453 3485 Te38
All 62 4679 5653 10632 4,36 4697 933 4000 4,45 8445 3418 3488 T.06
Soils T4 4375 5648 10623 4,45 5.00 9645 3080 4430 8010 2398 3,47 6445
All Tempsa 14431 16050 30681 13,26 1515 28441 12404 1344 25448 9,69 11,20 2089 |
R B R 5 ¥ R A G S S e e S e O S e s 5 4D S 60 8D 9 89 52 g o o Dd 2 g -—‘“*""“"-’"“""'"”»nu----..c---aa----.-oo----------om---s--ﬁ-pocvouunﬁonaqcona----

|

Table A8, Effect of temperature on the rate of inactivqticn of T C A in soils. Flgures presented 2re¢ the logarithms

(pepems) of T C A determined photometrically;



- - e S G S me D G G WB S G e e e T M S e e WD e Gy U e S WS e Sm Em e W G e e e e D S WS MmN G m e S e SR MM WD TN G G W M G mn D D R S G I em WD W e mm e TS WS mm mm WE NS e M G MR WR s S W em ow G D wm M e e S e
- e - D ma e e e wD -

i A W T e bomDaye i e
--------- TC A : | : : |
Temperaturé‘ ~.1b./ac. :50 100 Total |50 100 Total-~ . 50 100 - ~Total : 50 100  Total
~~~~~ | '
-"-“ “"""‘" >~ U e R —i-;‘“““‘mmﬁ o J — m’l&‘.ﬁs.;.sﬁg'a.:.ﬁ.;-;s:‘““—wl
1.95 1.76 3«71 2,02 1.86 3488 2016 1.98 4e14 2.15 2,11 4426
1694 1:79  3e72 2,05 1495 4400 2,08 2,00 4608 2,17 2,10 4427
w—— 193  1s77 34TO 2,00 1.88 3488 2411 2,03 4el4 5,17 2.13 4.30
LS 1 emps 5682 5232 1lel# 6,07 5.69 1176 6435 6.01 1236 6,49 6434 12.83
et ol b o e T i i D e i 5D T e D e T DT gy e e S e D e 50 e D D N0 D 0 B D B B0 60 T D S W B L e W 0 68 G0 B8 s 63 e S0 T AR i 1 6D R G o I o o 4 S e
1690  1o77 3067 2,03 1489 3492 2410 2405 4415 2,18 2,14 432
1492  1a74  3e66 2,06 1.95 4,01 2,14 2.06 4420 2,23 2,15 438
1.91  1a76 3667 2402 1492 3.94 2417 2409 4426 2,25 2,21 4446
—All Temps. 573 5.27 11400  6ell 5e76 11687 6e4l 6620 12661 6,66 6450 13016
anaxna‘ uuuuu N T e s T T e i T A FRFHER-SA D N ES B e T MR G WD A I ey K8 N T 20 T O 1o e O e U S a® WD S S o D W S NS 0 R S 0 B S e B D e B 7 e s e B B R T S ) s g G S G W P T D O S D e IS pp——
50 1,80  1.76 3465 2:01 1482  3e83 2403 1e96 3499 2,13 2.11 4.24
62 1488  1a75 363 2,03 1e92 3495 2408 2600 4408 2,15 2413 4,28
T4 1s91 178 3669 2,04 1.93 3,97 2,09 2:03 4012 2318 2.14 4.3
All Tempse 56468 5629 10697 6.08 5467 11675 6020 5699 1219 6,46 6438 12:84

Im.-am-oo-no--«--n--«--—mo-annau--una-pa T e T TS G 5 T N (o, i 0 e D G P e e G S T e TS T e O e et A B S O e B W e R M G T N D T e G 2 o e o D e D 4 6 D W e S O Ol D e D O e R S e |

.;?». 50 5074 5629 11403 6.06 5657 11a63 6629 5¢99 12,28 Eol6  6e36 12,82
ik 62 S5¢T4 5028 11402 6,14 5482 11696 6430 6606 12636 6,55 6438 1293
I n& S T4 575 5¢31 11,06 6.06 5073 1la79 637 6el15 12,52 660 648 13.08
-l All Tempse 17023 15488 32sll 18¢26 17el2 3538 18496 18620 37el6 19,61 19,22 38.83
Mneaouaa-aanu—-un o 360 2 £ D L4 L SIS e S 55 0 Bl iy 5 O e D W o 3 5 5 G e e 40 05 D 0 S e B R o I S e D 2 O s e i 5 0 e 5 e o D 8
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ﬁgﬁﬂe1A9 Effect of temperature on the rate of inactivation of T C A in different soils. Figures

presented are the log

’,g_ average heighte,expressed as percentages of controls,of two replicates of 16 Milford oatSe
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| Total
/f, T oW Active Constituent Oat Yi;;ds (y)
" J 1be/ace (x) i -
: i o i e G S ORI, oo s PSR 2 L R SR o R -
4104 40o4k 39459 80,03 42,1 Sefye Slep i
50 390 43,75 40443 84,18 b5 Lo 81205
40.2 42-50 390 35 81u 85 40.1 37070 L
234,48
12046 246,06 12647 34485
.4
5044 36,20 40473 76483 4647 29058 - aane o
100 42,7 46.04 42,79 88483 45,0 48.10 43.85 91.95
45,8 41.83 42,19 84402 37T . .
261630
13849 249,68 12944 61
' 496415
| Total 25945 495¢ T4 25641
\.‘ PN WD e T 2
| SRR o L o= L e e an P T A P
L R e §oin. e
|
&
\ 4 Analysis of Covariance Analysis of  Covarlance
‘ J | IR - e R e i U s e e i i i s v o, AR b -
x | S (. o e e 2 e e e ————— - bt - e Ak 2 .S Signife
hog ‘ X oy Y Eesidne DUMNNNE " Pl steaiglic  xy  y  Residue BRGSO €0
‘i & e - ot o - o — - - - - - - - B e e e e Rk S
- «21 P<L05
l 1 Treatments 55681 10861 0653 62,91 1 62:91 10450 P=.01 le21 11.90 99.22 151.2% % 12%'21 7 <e
B Residual Error 32,00 51,78 81.60 - 0s11 3 0.03 QL e e
Treatments plus Error 88eT1 41.17 82,13 63602 .56.65 45,17 179 e
k 21472
Comparable Replicate Error 53,80 6 8697 igg.gg 8 5
LA Pooled Error 53¢91 9 5099

TableAl2Comparison of encircled points of Fig.l2;i.e. the extreme values
of the curve for the 50 1b. application rate of TCA and the
/ - corresponding nearest on the 100 1lb. curve. The analyses of covar-
. lance indicates that the differences in oat height at an approximstely
equal concentration of TCA is real for both the silt loam and loamy

sand. This has been attributed to nitrogen accumulation and not an





