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A. SUPLMRY

Cyanazin© activity against wheat, blaokgrass and 
turnip seedlings, grown in soil, sand or liquid culture, 
was investigated under glasshouse conditions. Post- 
emergence foliar applications of cyanazine were 
seriously phytotoxic to turnip alone, but regular 
rewetting of foliar deposits significantly increased 
phytotoxicity to wheat. Cyanazine applied postemergence 
to the soil surface entered wheat via the roots alone, 
w/hereas in turnip entry occurred both through the root 
and sub-surface shoot. Entry of soil-applied cyanazine 
into blackgrass v/as largely confined to adventitious 
roots developed close to the soil surface. Selectivity 
was related to differences in intrinsic tolerance and 
rate of uptake from soil. Wheat tolerated tissue 
concentrations five to six times those tolerated by 
blackgrass or turnip, and unlike them, was incapable of 
absorbing cyanazine from soil above seed level.

However, due to its high transpiration rate, wheat 
rapidly accumulated high concentrations of cyanazine 
when the roots were exposed to the herbicide. Increas
ing the soil water content or reducing the seed depth 
encouraged exposure of the root system and considerably 
reduced selectivity. I
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Selectivity was unrelated to differences in trans
location, but inactivation within the tissues was slower 
in wheat than the other epooieo. Phytotoxioity was 
related to stage of growth at treatment. Susceptibility 
to soil-applied cyanazine^ increased temporarily as 
photosynthetic tissues were first formed, but decreased 
steadily thereafter. Susceptibility of turnip, to 
foliar applications, decreased slightly as foliage 
density increased, reducing the percentage of leaf area 
exposed, but that of wheat and blackgrass increased as 
the leaves became larger and less erect. Selectivity 
was greatest at the very early seedling stages, and 
•decreased steadily thereafter.

Measurements were made of persistence and movement 
of cyanazine in soil, and of its effect on transpiration.
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1. INTRODUCTION

Triazine herbicides are used to control a wide 
range of dicotyledonous ahd monocotyledenous weeds in 
various crops throughout the world. However, injury to 
crops following in rotation occasionally occurs, since 
the most important triazines tend to be relatively 
persistent (Sheets & Shaw, 1963; Holly & Roberts, 1963; 
Sheets, 1970). In 1966 a novel group of triazines with 
a short, predictable half-life was reported (Barnsley 
& Cabbott, 1966). Unfortunately, the most active 
member of this group, 2-azido-4-ethylamino-6-t- 
butylamino-1,3,5-triazine (code name WL 9365) had an 
excessively short half-life and gave an unacceptably 
short period of weed control. The discovery of a second 
group of triazines with short half-lives was reported at 
the North Central Weed Control Conference in 1967 
(Hughes et al.. 1967), and at the British Weed Control 
Conference in 1968 (Chapman et al., 1968). The most 
active member of this group, 2-(4-chloro-6-ethylamino- 
s-triazine-2-ylamino)-2-methylpropionitrile (cyanazine; 
Shell trade marks: Bladex, Portrol, Radikill; code 
names: DW 3418, SD 15,418, WL 19,805; see fig, 1) was 
shov/n to have activity against a wide variety of weeds, 
to show selectivity in maize, wheat and barley, and to
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I Figure 1. Cyanazine
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C2H5.NH-C ^C-NH.C(CHg)2.CN

give an acceptable period of weed control (Chapman et al.,
1968).

Cyanazine is a white crystalline solid with a 
melting point of 166.5 to 167.0^. It is soluble in 
methylcyclohexanone (21# w/v), chloroform (21# v//v), 
dichloromethane (l5# v//v) and ethanol (4.5# w/v), but 
is relatively insoluble in water (l71mg.l”^ at 25^) 
(Chapman et al 1968).

Cyanazine is non-volatile (vapour nressure:
2.13 X 10~^Pa at 20°) and photochemically stable 
(Chapman et al., 1968). It has proven highly stable in 
accelerated storage tests at high temperatures, and is 
hydrolytically stable at neutral pH (Chapman et al.,
1968; Brovm, Furmidge & Grayson, 1972).



Although of very low dermal toxicity (Warrell,
1971), cyanazine is of moderate toxicity to mammals if 
ingested (Chapman ©t al., 1968). It is rapidly 
metabolised and excreted by laboratory animals (Warrell,
1971). Metabolism in thê  rat is mainly via dealkylation 
and conjugation with glutathione, though hydrolysis of 
both the chlorine atom and the nitrile group can occur 
(Crayford & Hutson, 1972).

The breakdown of cyanazine in plants and soils 
has been extensively studied in recent years.
Metabolism has been shov/n to occur by

a) hydrolysis of the chlorine atom to a hydroxyl 
group,

b) hydrolysis of the nitrile group to a carboxyl 
group, and

c) dealkylation.
These processes occur in soils, maize (Beynon, Stoydin 
& Wright 1972 and 1972a), wheat and potatoes (Beynon, 
Stoydin & Wright, 1972b). Although some of the 
metabolites are reported to be phytotoxic (Sirens, Frank 
& Sawyer, 1973) it seems that none are of the same order 
of phytotoxicity as the parent compound (Chapman et al., 
1968). No residues of cyanazine or its breakdown 
products have been detected in crops of maize, wheat, 
potatoes, beans and peas grown in treated soil (Warrell,



1971; Beynon, Bosio & Elgar, 1972).

The half-life of cyanazine in soil has been shov/n 
to be 15 days at 20° (Hughes et al..1967) and 11.7 days 
at 25° (Chanman et al. , 1̂ 968). This compares with 
half-lives of 55 days at 20° and 24.6 days at 25° 
obtained for atrazine in the same studies.

Cyanazine is a potent inhibitor of the Hill 
reaction in photosynthesis, and this is thought to be 
the main source of phytotoxicity (Chapman et al., 1968). 
In studies of its cytological effects, however, cyanazine 
has been shown to produce chromosome abnormalities in 
the root tips of Tra.descantia spp. and Vicia faba 
similar to those produced by the chemical mutagen ethyl 
methane sulphonate (Ahmed & Grant, 1972).

Much of the interest in cyanazine centred upon its 
potential for the control of broad-leaved and grass 
weeds in maize, where its short persistence gives it an 
advantage over the more usual herbicides, such as 
atrazine, when sensitive crops follow in the rotation 
(Ivany & Sweet, 1970; Fink, 1972).

Cyanazine also showed promising results on many 
other crops throughout the world (Bell, 1970; Warrell,



1971). In the UK, cyanazine was developed for use 
mainly in winter wheat and peas, and in 1971 tv/o 
formulations of cyanazine wore marketed for these crops; 
Portrol, a suspension concentrate designed for use in 
peas and broad beans, and̂  Radikill, a wettable powder 
designed for use in winter wheat. Radikill had given 
good control of blackgrass (Alonecurus mvosuroides), 
and of many broadleaved weeds in winter wheat (Warrell,
1971).

Blackgrass is a weed of major importance, especially 
in winter cereals. In 1968 it was estimated that, in 
the UK, approximately 300,OOOha were infested, of which 
approximately 80,OOOha were heavily infested (Evans, 
1968). Blackgrass is already prevalent on heavy soils 
in the east, south-east and east-midlands, of England, 
and is also important on the continent. Recently it 
has begun to spread to other soil types. Intensification 
of cereal production appears to be causing an increase 
in the incidence of blackgrass.

Blackgrass seed is shed before winter wheat is 
ready for harvesting. The seeds are dormant when shed, 
though reports concerning this period of dormancy are 
often contradictory. Seeds have been shovm to germinate 
best at 15 to 20°, and the dormancy of freshly harvested



seeds is overcome by light (Thurston, 1972). In the 
field there are two periods of germination, one in the 
autumn (September to novombor) snd tho other in tho 
spring (march to april) (Thurston, 1972). The relative 
importance of the tv/o periods varies from year to year 
with climatic conditions. Spring germination appears 
to be particularly important v/hen the autumn is 
unusually dry (Thurston, 1971) or unusually wet 
(Thurston, I964).

Viability of blackgrass seed in the field may be 
prolonged, up to eleven years (Thurston, 1972), but 
approximately 70# of seedlings appearing in the field 
are produced by seeds less than one year old (Naylor,
1972). The fev7 seeds which do survive for longer 
provide a source of renewed infestation during later 
years.

Although maximum emergence is shov.n by unburied 
seeds, some plants have been seen to develop from seeds 
planted at considerable depths (Barralis, 1968; Thurston, 
1968). Adventitious roots are always developed near 
the soil surface, whatever the seed depth, and these 
soon take over from the seminal roots produced by the 
seed (Naylor, 1972a).
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Blackgrass plants vary considerably in size 
according to both the climatic conditions and the time 
of gorainûtion, Thooo produced from seeds which 
germinate in early autumn may have many tillers in a 
flat rosette, whereas seê ds germinating in late autumn 
and spring generally produce plants with a more upright 
habit and fewer tillers (Thurston, 1972). The number of 
seeds shed by each plant is similarly varied, with each 
plant producing from one to two hundred ears, each 
containing between five and one hundred seeds (Thurston,
1972).

Yield reductions in winter wheat can be drastic 
when blackgrass populations are high. Losses of 50#, .
compared with weed-free controls, have been reported 
(Griffiths & Ummel, 1970). Infestation levels of 30,
100 and 300 blackgrass plants per square meter reduced 
winter wheat yields by 12.7#, 31.9# and 36.6# 
respectively (Naylor, 1972a).

The autumn flush of blackgrass seedlings can be 
destroyed if sowing is delayed until november, but the 
resulting delayed emergence and retarded root growth 
may cause an increase in the level of damage due to 
soil-borne disease (Hughes, 1967). Belayed sowing may 
directly reduce yields by as much as the expected
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competition with the destroyed blackgrass plants 
(Thurston, 1972). Controlled stubble burning will 
destroy many of tho seeds on the soil surface and so 
may reduce infestations. Stubble cultivation, on the 
other hand, will bury seebs, causing prolonged dormancy 
and emergence of seedlings over a period of years, 
thereby increasing the problem. A vigorously growing 
crop can often successfully compete with blackgrass 
infestations. Adequate drainage and nitrogenous 
fertiliser will increase crop vigour, but improved 
conditions may also increase blackgrass populations 
(Hughes, 1967). In general, therefore, non-chemical 
methods of control have proven ineffective against 
blackgrass populations in intensively- grown winter 
wheat.

A wide variety of herbicide treatments have been 
tested for the control of blackgrass in winter wheat, 
including metoxuron (Glenister & Griffiths, 1968; 
Baldwin & Livingstone, 1972), metoxuron with diuron 
(Baldwin & Livingstone, 1972), metoxuron with simazine 
(Ridsdill Smith, 1971; Baldwin & Livingstone, 1972; 
Ayres, Edwards & Pfeiffer, 1972), triallate (Roebuck, 
1968; Baldwin & Livingstone, 1972; Hodkinson, 1972), 
chlotoluron (Baldwin & Livingstone, 1972), terbutryne 
(Holroyd, 1968; Roebuck, 1968; Baldwin & Livingstone,



1972), metabenzthiazuron (Eagna & Jung, 1968; Baldwin 
& Livingstone, 1972), nitrofen (Bartlett et al.,1968; 
HôlPôyfl, 1963; Baldwin & Livingstone, 1972), Bluomotunon 
(Holroyd, 1968), fluometuron with dichlobenil (Baldwin 
& Livingstone, 1972), barban (Roebuck, 1968; Baldwin & 
Livingstone, 1972), diuron, neburon and methoprotryne 
with simazine (Roebuck, 1968), In most cases these 
herbicides have been shown to increase yields, but not 
to eliminate the weed problem for future years (Roebuck,
1972).

The recommended application rate of Radikill for 
control of blackgrass in winter wheat was 1.5kg,ha~^ 
of active ingredient, applied in spring between the 
three-leaf and tillering stages of the crop (Warrell,
1971).

Although control of blackgrass in winter wheat with 
Radikill was generally good under ideal conditions, 
results of certain trials had shovn that the selectivity 
margin was often small. The response of blackgrass 
could be variable (Baldwin & Livingstone, 1972), and 
damage occasionally occured in wheat treated with the 
recommended rate of Radikill (Rosher, personal commun
ication). The programme of research reported in this 
thesis was begun in 1971, the intention being to study
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the factors controlling the response of blackgrass 
and winter wheat to Radikill. Turnip, highly suscep
tible to oyanazino, v/as included to allow for comp
arison with broad-leaved species. Radikill, however, 
proved to be unreliable fbr the control of blackgrass 
in winter v/heat, and the formulation was withdrawn in 
1972.

Cyanazine continued to be available as Fortrol, 
and is being used, or developed for use not only in 
peas (Morris, 1972) and broad beans, but also in 
potatoes, certain brassicas (Haddow, Jones & Gillespie,
1972) and onions. In the USA and several other 
countries it continues to find a place in weed control 
in maize and sweet corn (Ostojic, 1971; Anon., 1973; 
Anon., 1973a; Anon., 1973b). Further trials concerning 
the use of cyanazine for the control of broad-leaved 
weeds in cereals have been carried out (Luckhurst,
Allen & 0*Doherty, 1972; Proctor & Clarke, 1972). 
Despite the withdrawal of Radikill from the market, it 
was decided to continue with the series of experiments 
already begun. Unfortunately, time did not allow for 
the inclusion of a tolerant broad-leaved crop-species, 
such as broad bean or pea.
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Many factors, both environmental and within the 
plant, are responsible for controlling the performance 
of a herbicide in the field, and variability in any of 
these factors may result in variations in selectivity. 
Cyanazine is reported by 'the manufacturers to be active 
mainly via the soil (Warrell, 1971), though trials 
concerning the control of broad leaved weeds in winter 
wheat have suggested that in dicotyledenous species 
contact action may be more important (luckhurst, Allen 
& O'Doherty, 1972). Atrazine, a triazine herbicide 
similar in many ways to cyanazine, is also often 
considered to enter plants mainly via the roots, but 
foliar penetration can be very important in dicotyl
edenous species, especially in conditions of high 
relative humidity (Thompson & Slife, 1970). Foliar 
penetration of atrazine appears to be much less 
important in monocotyledenous species (Thompson & Slife, 
1959). One of the earliest experiments in this series 
reported here was designed to determine the relative 
importance of soil and foliar uptake of cyanazine in the 
three species under study.

A considerable number of soil-active herbicides 
have been shov/n to enter the seedlings of certain plant 
species through the sub-surface shoot, particularly 
many phenylcarbamate and thiocarbamate herbicides
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(Appleby, Purtick & Pang, 1965; Parker, 1966; Nishimoto, 
Annleby & Purtick, 1967; Prendeville et al., 1967; Gray 
t v/oioricb, 1969) and certain amide horbicidoc (Parker, 
1966; Nishimoto, Appleby & Purtick, 1967). Generally, 
untake by the roots seems to be more important in the 
case of triazine herbicides. Atrazine is taken up 
mainly via the sub-surface shoot of giant foxtail 
(Setaria faberii) (Knake & Wax, 1968), but in oats 
(Nishimoto, Appleby & Purtick, 1967) and green foxtail 
(Setaria viridis) (Knake, Appleby & Purtick, 1967) 
uptake via the roots has been shovm to be more important, 
Simazine enters both maize and pea plants mainly via 
the roots (Prendeville et al., 1967). Although exposure 
of the sub-surface shoot to atrazine caused toxicity 
symptoms in turnip, lettuce and ryegrass seedlings, 
exposure of the root systems to similar concentrations 
of the herbicide produced much more severe symptoms 
(Walker, 1973).

All cited reports of uptake via the sub-surface 
shoot have concerned emerging seedlings following 
pre-emergence application of herbicide. Experiments 
to investigate the possible uptake of soil-applied 
cyanazine via the sub-surface shoot of older seedlings 
were carried out and are reported here. The early 
development of adventitious roots in the sub-surface
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shoot zone of blackgrass has previously been noted; 
their presence suggested that uptake from this zone of 
soil may be of great importance.

Herbicides applied t'b the so il-surface must move 
vertically through the soil if they are to be taken up 
via the roots of the plant. The triazine herbicides 
generally show low to moderate mobility in soil (Helling,
1970), due largely to their low aqueous solubility and 
their relatively strong adsorption by soil colloids 
(Stevenson, 1972). The extent to which a herbicide is 
adsorbed depends largely upon the composition of that 
soil. Cyanazine appears to be anomolous in that the 
extent of adsorption is directly related to the clay 
content of the soil (Rosher, personal communication). 
Evidence for other herbicides, including other triazine 
herbicides (Hayes, 1970), suggests that the extent of 
adsorption is directly related to the organic matter 
content of the soil. Movement of herbicides through 
soil by diffusion is reduced by adsorption (Harris,
1966). Diffusion itself can only account for movement 
of herbicides over small distances, measurable in 
mm.day"“̂  (Ritter, Johnson & Lovely, 1973), and it seems 
likely that mass-flow of water through soil is of major 
importance in the movement of herbicides through soil 
(Wiese & Davis, 1964; Lambert, Porter & Schieferstein, 
1965).
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The extent of adsorption of a herbicide can often 
be related to its phytotoxicity (Sheets, Crafts &
Drover, 1962; Upohuroh & Macon, 1962; Day, Jordan & 
Jollife, 1968; Weber, 1970; Rahman, 1973). Adsorbed 
herbicide molecules are mVich less available for uptake 
by the plant, and so the effective soil concentration 
is reduced by adsorption (Weber, 1970; Walker, 1972), 
although under certain conditions herbicide molecules 
appear to be available for uptake directly from 
adsorption sites (Kratky & Warren, 1973).

The extent of dov/nward movement of cyanazine, 
applied to the soil surface, would seem to be a critical

I
factor in selectivity betv/een wheat and blackgrass 
seedlings, due to marked differences in the distribution 
of roots in the tv/o species. For this reason an invest
igation of the movement of cyanazine through soil in 
pots v/as carried out. A thorough study of the adsorption 
of cyanazine in soil, and its effect on phytotoxicity 
and mobility, v/as not attempted. Similarly, although 
a thorough study of its persistence in soil, under a 
range of conditions, v/as not attempted, the half-life 
of cyanazine in the system used in other experiments 
was measured.

Soil water content has also been shown to represent
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a major factor determining the activity of herbicides. 
Generally, a high soil water content means that a larger 
proportion of any herbicide applied to the soil will be 
in solution and therefore available for uptake (Kratky,
1971), Dov/nward movemeni) of herbicide is facilitated 
by the continuous water phase in soil with high water 
content which allows a higher rate of diffusion (Ritter, 
Johnson & Lovely, 1973). Although under conditions of 
high soil water content the soil solution concentration 
may be reduced, more herbicide will be available for 
uptake in the root zone (Kratky, 1971). When uptake 
of the herbicide is limited to the root system, soil 
water content has, therefore, a major role in the 
control of herbicide activity. A close correlation 
between soil water content and herbicide activity has 
been demonstrated for a range of compounds, including the 
triazines atrazine (Walker, 1971) and terbutryne 
(Piguerola & Purtick, 1972).

The importance of soil water content to the 
phytotoxicity of herbicides similar to cyanazine in 
chemistry and usage was interesting, especially since 
observations of field trials had suggested that damage 
to wheat plants following cyanazine applications 
appeared to be related to water-logging of the soil 
(Rosher, personal communication). A large part of the
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research reported here was concerned with the study of 
the relationship of soil water content with cyanazine 
uptake and phytotoxicity.

Soil active herbicid'es generally enter the plant 
in aqueous solution during water uptake; any edaphic 
factor which increases the rate of^transpiration will 
increase the rate of herbicide uptake. Investigations 
concerning the effect of both temperature and humidity 
on the uptake of various herbicides have generally 
supported this statement. For instance, the uptake of 
terbutryne by winter wheat has been studied, and shown 
to be related to the rate of transpiration, as controlled 
largely by temperature and humidity (Houseworth & Tweedy, 
1971; Figuerola & Purtick, 1972). Terbutryne is also 
applied to winter v/heat for the control of blackgrass. 
Similar results have been obtained in studies relating 
to the uptake of atrazine (Wax & Behrens, 1965).

Environmental conditions v/hich reduce transpiration 
have often been shown to increase absorption of 
herbicides from foliar deposits. Dalapon, for instance, 
more readily penetrates the cuticle of several plant 
species under conditions of high relative humidity 
(Prasad, Poy & Crafts, 1967). This may be partially 
due to a reduction in the speed of drying of droplets
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on the leaves, or to water condensing on the spray 
deposits (Clor, Crafts & Yamagachi, 1962). Several 
workers have reported a measure of success in attempts 
to imitate high relative humidity effects at low relative 
humidities by repeated resetting of foliar deposits of 
several herbicides, including dalapon (Prasad, Poy & 
Crafts, 1967) and atrazine (Thompson & Slife, 1969).
A series of experiments was conducted to; determine the 
effect of regular rewetting of spray deposits on foliar 
penetration of cyanazine.

The herbicide atrazine has been shov/n to have a 
direct effect upon the transpiration rate of plants 
(Shimabukuro & Linck, 1967; Graham & Buchholtz, 1968; 
Vostral, Buchholtz & Kust, 1970), This effect can be 
demonstrated in plants grov/n in culture solution within 
one to tv/o hours after treatment (Smith & Buchholtz, 
1962), The effect of cyanazine on transpiration in 
wheat, blackgrass and turnip seedlings grown in culture 
solution was studied in one of the experiments reported 
here.

Environmental factors such as temperature, light 
intensity and day length, can greatly modify the 
morphology of a plant, and this often leads to changes 
in the susceptibility of the plant to herbicide damage
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(Hammerton, 1967). In blackgrass, |for example, those 
seedlings resulting from autumn germination generally 
produce many tillers in a flat rosette, while those 
resulting from spring germination develop fewer tillers 
and an erect habit (Naylor, 1972). A seedling of the 
rosette form will probably retain a larger quantity of 
any herbicide applied as a foliar spray than will the 
erect form.

Although the environment exerts a considerable 
controlling influence upon the activity of herbicides, 
there still remain great differences in intrinsic 
susceptibility between various plant species, v/hich 
allows for the possibility of truly selective weed 
control. Differences in the amount of herbicide taken 
up, under similar conditions, by various plant species 
will be of some importance. However, selectivity can 
also result from differences in translocation and 
metabolism of the herbicide following uptake. The 
selectivity of linuron between tomato and parsnip 
seedlings represents such a case. Translocation 
following root uptake is limited in parsnip, whereas 
linuron is readily translocated throughout the plant in 
tomato. Linuron is metabolised in the leaves of parsnip 
to a great extent, but very little metabolism occurs in 
tomato (Hogue & Warren, 1968). Differences in trans-



19

location and metabolism have also been shov/n to account 
for selective action of linuron on common ragweed 
(cuGCcptiblo) and carrot (rocictant) (iCuratlc, Re.hn & 
Woodmansee, 1969), and on carrot and parsnip (both 
resistant) and lettuce anii turnip (both susceptible) 
(Furmidge, 1972). Experiments concerning the trans
location and metabolism of cyanazine by the three 
species under study formed part of the research 
reported here.

The variation in response to cyanazine shov/n by 
blackgrass plants in field trials v/as thought to have 
been related in some cases to their stage of growth at 
application (Rosher, personal communication). It has 
already been noted that blackgrass shows two peaks of 
germination with the season; this may lead to the 
production of a population with a wide range of indiv
idual ages. Attempts to control the growth stage of 
blackgrass at treatment by deliberate timing of applic
ation are complicated by difficulties encountered v/hen 
spraying cereals in early spring; poor weather 
conditions, heavy rain and wet soil are often responsible 
for serious delays in such operations at this time of 
year.

The stage of growth of plants has often been shown
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to have a marked effect upon susceptibility to herbi
cides. Susceptibility generally decreases as the age 
of the plant increases (Hammerton, 1967), though the 
relationship is rarely direct, and exceptions have been 
reported (Hammerton, 1966̂ ). The susceptibility to 
chlorbromuron and simetryne of the grass weed 
Echinochloa crus-galli has been shov/n to decrease rapidly 
with age. This increase in resistance has been explained 
in terms of a "grov/th-dilution" hypothesis, which
postulates a decrease in the tissue concentration of

I
herbicide resulting from root uptake as the plant 
increases in size (Hagimoto & Yoshikawa, 1972).
Retention of spray liquid, relative to the mass of the 
plant, generally decrease with age (Blackman, Holly & 
Roberts, 1949) as the development of cuticular material 
progresses and wettability decreases (Ashworth & Lloyd, 
1961). In the case of the graminaceous species wheat 
and blackgrass, it seemed possible, in view of the 
increase in leaf area and change in leaf posture that 
occurs in glasshouse-grown plants, that retention of 
cyanazine applied as a foliar treatment may actually 
increase with age during the early seedling stages.
A series of experiments designed to relate susceptibility 
of all three species under study, following both foliar 
and root exposure to cyanazine, with the stage of growth 
at application, v/as carried out and is reported here.
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The research reported here was began to study the 
effect of various factors on selectivity of cyanazine 
between wheat, blaokgrass and turnip. The experiments 
actually carried out can be divided into three groups:

1. Experiments directly concerned with the factors 
affecting selectivity. The factors studied were: site 
of exposure, soil water content, seed depth, growth stage 
at application, translocation and metabolism, and 
rewetting of spray deposits.

2. Experiments designed to examine aspects of the 
behaviour of cyanazine in the soil-environment system 
used for the first group of experiments. The aspects 
studied were: persistence and movement in soil.

3. Experiments concerned with secondary considerations 
related to the interpretation of the results of other 
experiments. The effects of activated charcoal (used to 
prevent the downward movement of cyanazine in soil in 
certain experiments) on plant growth, and of cyanazine 
on transpiration, were measured.



2. MATERIALS AND BASIC METHODS

2.1. CYANAZINE
y

Formulated cyanazine, "Radikill 50^ W.P.", 
hereafter referred to simply as "Radikill", v/as used 
whenever application was by means of the turntable 
sprayer, and whenever unlabelled material was applied to 
the soil surface. Suspensions in distilled water were 
prepared immediately before use.

Technical grade cyanazine (98# pure), when used in 
the water culture experiments, was dissolved in a small 
amount of ethanol before being made up to volume with 
distilled water. Solutions prepared in this way 
contained negligible amounts of ethanol (less than 0.1^) 
when diluted to the concentrations used in the 
experiments. Concentrated ethanolic solutions were used 
as standards for thin-layer chromatography.

Ring-labelled ^^C cyanazine (specific activity: 
l^Ci.mg~^), hereafter referred to as "^^C cyanazine", 
was dissolved in ethanol to give a concentration of 
approximately lOQug.ml"^. This stock solution was 
stored at 4^ and diluted when necessary;- with water to
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prepare treatment solutions, or with organic solvents to 
prepane standards for thin-layer chromatography and 
liquid sointillation.

2.2. SOIL AND SAND

Soil was taken from the surface 15cm of a plot at 
the University's field station at Claverton Down, Bath. 
This plot was maintained in a weed-free condition by 
non-chemical means. The soil, a loam (8.7^ organic 
matter and 38^ clay) with a pH of 8.4 and a cation 
exchange capacity of 38meq. lOOg"*^, was passed through a 
2mm sieve and air-dried before use. In this form the 
moisture content of the soil was li<> and its water holding 
capacity ("pot capacity") was 40^.

Washed sand, as used in several experiments, was 
shown to contain no organic matter or clay, and to have 
a pH of 5.8. Air-dried sand contained negligible 
moisture, but had a pot capacity of 16^.

2.3. PLANT PRODUCTION

In experiments such as those reported here it is of
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paramount importance that the plant material he as 
uniform as possible, both in size and physiological age. 
Whenever possible, procedures were developed or modified 
to promote such uniformity.

2.3.1. Seed Germination Seeds of blackgrass 
(Alopecurus mvosuroides Huds.) were collected from 
fields in the south of England: those of wheat (Triticum 
aestivum var. Joss Cambier) and turnip (Brassica rapa 
var. Golden Ball) were obtained from seed merchants.

All seeds were pregerminated in plastic petri- 
dishes (each containing one Whatman seed test paper 
moistened with 15ml distilled water) incubated at 
20 - 25^. Tests showed that over 90% of the wheat and 
turnip seeds would germinate within 24h, but that 
blackgrass seeds germinate over a longer period, with 
maximum germination (rarely above 40%) being reached 
after five to seven days. In practice, wheat and turnip 
seeds were incubated for 24h; blackgrass seeds for 72h. 
The dormancy of freshly collected blackgrass seeds can 
be overcome by light, and although dormancy gradually 
disappears during storage, blackgrass seeds were found 
to germinate more readily in an incubator with lights.
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2.3.2. Préparation and Maintenance of Pot Experiments 
In the majority of experiments reported here, plants

grown in plastic plant pots (9cm diameter and 9cm 
high). However, some difficulty was experienced when 
these pots were used in experiments involving the 
maintenance of soil at pot capacity. Water added to the 
soil surface could be lost via the drainage holes even 
though the soil v/as capable of holding it. Transparent 
plastic tumblers (8cm diameter and 12cm high), covered 
with black plastic sheet, were used in place of pots 
v/henever such difficulties were anticipated. The 
possibility that differences in air and water movement, 
and in soil volume, in the two types of container, could 
lead to the production of plants with different growth 
rates was noted. A series of tests v/as carried out, in 
which the fresh and dry weights of wheat, blackgrass and 
turnip plants produced in pots were statistically 
compared, using the Students* t test, with those of 
plants produced under identical conditions in tumblers. 
No significant differences were detected, and it is 
assumed that the plants produced should respond in the 
same v/ay to cyanazine.

Seed depth and soil water content were standardised 
throughout. This was achieved by the addition, to the 
preweighed pot, of predetermined weights of soil before
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and after addition of the seeds, followed by the 
addition, to the soil surface, of the required weight 
of water. The final weight of the pot wag recorded and 
water added daily to the soil surface to return the pot 
to this weight. These procedures were carried out on a 
top-pan balance to an accuracy of ±0.5g. In most cases, 
pots and tumblers were prepared with a seed depth of 2cm 
and a soil moisture content of 75% pot capacity. Sand 
was always maintained at a water content of 15%. Pots 
and tumblers were placed on a glasshouse bench for the 
duration of each experiment. Seedlings of other species 
were removed daily and the number of plants of the test 
species reduced to five per pot soon after emergence.

In all experiments treatments were randomly 
assigned to pots, which were permanently numbered.

Duhing the routine of daily watering, the pots 
were "circulated". This procedure is best explained 
by an example. Suppose an experiment consisting of 96 
pots, arranged in twelve rows of eight pots across the 
bench, was being watered. The first three pots of the 
first two rows of eight pots would be watered but not 
returned to their original positions. The fourth pots 
of these rows would then be watered and moved to the 
places previously occupied by the first two pots. This
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would be continued through, all twelve rows, the six pots 
retained from the front of the first two rows being 
placed at the rear of the l&ot two rows. This simple 
technique was shown to considerably reduce the variations 
in both fresh and dry v/eights normally seen in such 
experiments. For example, when 96 pots, containing 
wheat seedlings, remained uncirculated, the mean fresh 
weight of the plants produced was 596.4mg, with a 
standard error of 57.3, after twenty days. A similar 
batch of pots prepared at the same time v/as circulated 
during daily watering. Although the mean fresh weight 
of the niants produced was little different, at 573.6mg, 
the standard error was reduced to 22.8.

Natural daylight was supplemented, in winter 
(October to March), for 14h each day, by 400w mercury 
flourescent plant irradiation units (supplied by the 
Simplex Dairy Equipment Co. Ltd., of Cambridge) 
suspended 60cm above the middle of the 100cm wide bench, 
at 100cm intervals.

2.3.3, Preparation and Maintenance of Water Culture 
Experiments Germinated seeds were sov/n 2.5cm deep 
in seed trays containing sand. The trays were placed 
on a glasshouse bench and the sand watered as necessary 
until the seedlings were of the required age. For wheat
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this was the early one-leaf stage: for turnip, the late 
one-leaf stage, and for blackgrass, the early two-leaf 
stage. Seedlings were carefully washed from the sand 
and transfered to 12cm x 2,5cm test tubes, each 
containing 38ml of half-^trength Hoagland’s solution.
The seedlings were supported in the test tubes by cotton 
wool bungs formed around their bases, and were in contact 
with the Hoagland's solution from the level of the seed 
downwards. Tubes were supported in a large wooden box, 
in the 2.5cm thick top of which holes had been made to 
fit the tubes closely. When seated in this box the tops 
of the tubes were 1cm above the surface of the wood, and 
the cotton wool bungs were partly below it. Unused holes 
were blocked by rubber bungs, and the roots of the plants 
were in virtual darkness. The box itself was placed on a 
glasshouse bench for the duration of the experiment.
As in the pot experiments, natural daylight was 
supplemented by artificial lighting during the winter 
months.

The liquid in the tubes was replaced every second 
day with freshly prepared half-strength Hoagland’s 
solution. Replacement v/as carried out daily if loss by 
evaporation or plant uptake exceeded 5ml, and the tubes 
themselves were replaced if there v/as any sign of algal 
growth in them. The tubes were circulated around the
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box in the same manner and for the same reasons as were 
pots and tumblers on the glasshouse bench in other 
experiments,

If water loss was tô  be measured, the tubes, with 
the plants still in place, were weighed, to an accuracy 
of O.lg, on a top-pan balance, immediately before and 
after replacement of the cultureliquid. The amount of 
water taken up by a particular plant (regarded as a 
reasonably accurate measure of transpiration) could be 
determined by comparing the water loss from its tube 
with the mean water loss from ten tubes containing 
cotton wool plugs, but no plants.

2.4. TREATr^EWT TECHNIQUES

2.4.1. Turntable Sprayer The turntable sprayer was 
constructed to facilitate the accurate application of 
small volumes of formulated herbicide solutions to the 
foliage of plants growing in pots. ■

A lightweight rear bicycle wheel was bolted to the 
centre of a 1.2m diameter circle of 1.5cm thick plyv/ood, 
to form the turntable of the sprayer. To lighten the 
turntable a 45cm diameter circle was removed from the
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centre of the plŷ vvood. The axle of the bicycle was 
passed through a hole in the metal framework of the 
spraying machine, and secured with a wing nut. This 
brought the wooden platform into contact with four 
inverted castors mounted on the framework of the 
machine. The castors acted as supports for the turntable 
but did not prevent its rotation. A small electric motor, 
connected to the chainwheel of the bicycle wheel, proved 
capable of rotating the turntable at a constant speed of 
73 seconds per ten revolutions. Liquid was forced, by 
compressed air, from a tank to a Tee jet 8001E flat-fan 
nozzle mounted radially, 45cm above the turntable, A

Qnozzle pressure of 101b.in" was maintained during 
spraying operations.

The machine v/as calibrated by placing several 
preweighed half petri-dishes, each containing 20ml of a 
homogenous mixture of 85% liquid parrafin and 15% 
vaseline, on wooden blocks, on the turntable, and 
passing them ten times through the output from the 
nozzle. The wooden blocks raised the surface of the 
mixture to that of the soil surface of a pot on the 
turntable. The mean volume of water collected in 
several repeats of this calibration procedure was

—  Pestimated to be 3.81^1.cm for each passage under the 
nozzle. 236.5^1 would therefore be delivered to the
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soil surface of a 9cm diameter pot. The concentration 
of cyanazine required in the spray solution was 
calculated as required from this figure.

Throughout these stüdies the amount of cyanazine 
applied to a pot, regardless of the method of 
application, is quoted as kg.ha"^. Although it is 
expected that the response of a plant grown under field 
conditions, to a given dose of cyanazine, will vary 
from that of a plant grown in a pot under glasshouse 
conditions, this unit does give some indication of the 
relationship between the dose applied and the recommended 
field application rates. It was therefore employed in 
preference to other, equally arbitrary units, such as

__ p
^g. cm" or parts per million.

2.4.2. Soil Surface Treatments In the majority of 
the experiments reported here, cyanazine had to be 
applied to the soil surface v/ithout contamination of the 
aerial parts of the plants occuring. This was achieved 
by dispensing 10ml of the required solution as evenly as 
possible over the soil surface by pipette. 10ml was 
found to be an ideal volume for this purpose, allowing 
adequate dispersion of the cyanazine through the surface 
layers of soil, but being too small to change the soil 
water content significantly.



32

2.4.3. Localised Treatments Application of cyanazine 
to the foliage of certain plants without the concomitant 
treatment of the soil surface v/as facilitated by 
covering the latter with a 1cm thick layer of coarse 
grained vermicullite. Cyanazine solution could then he 
applied to the plants by means of the turntable sprayer. 
All traces of the vermicullite were removed on the 
following day. The volume of snray solution was 
insufficient to wet the vermicullite and allow the 
passage of cyanazine to the soil surface.

5g of finely powdered activated charcoal, applied 
as an even layer, immediately above the seeds, 
prevented the downward'movement of cyanazine into the 
root zone of the pot, thereby facilitating the 
localised application of the compound to the sub-surface 
shoot zone. The efficacy of this technique was 
determined as part of the study on the movement of 
cyanazine in soil.

2.5. PHYTOTOXICITY ASSESSMENTS

2.5.1. Method of Assessment The phytotoxicity of 
postemergence cyanazine treatments was determined by 
measuring their effect upon the subsequent increase in
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v/eight of the plant. The increase in weight of the 
treated plants in the days following treatments was 
expressed as a percentage of that of the untreated 
plants. Five pots were always treated for each 
concentration of cyanazind, and the controls always 
consisted of ten pots each. Separate controls were 
always prepared for each value of seed depth, soil 
moisture content, or any other variable thought likely 
to influence the grov/th of the plants. The increase 
in weight of treated plants was always expressed as a 
percentage of the relavent control, and the controls 
themselves compared separately. In this way the effects 
of cyanazine and the second variable were separated,

95% confidence limits were calculated for all 
points on graphs, and the various controls were 
compared by the Students' t test. 'Each experiment was 
repeated three times v/herever possible.

In the first few experiments carried out in this 
series, both fresh and dry weight measurements were made, 
but the results, when converted to percentages, were so 
similar that dry weight measurements were discontinued, 
and only fresh weight results are presented here. Fresh 
weights of plant parts were measured immediately after 
their removal from the pot, to an accuracy of O.lmg.
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2.5.2. Timing of Treatment and Harvest The timing 
of all stages of the various experiments reported here 
was determined by the growth stage of the plants 
concerned. Applications of cyanazine to plants in 
phytotoxicity experiments^ were made at the stage of 
growth at which field applications would probably be 
made. The field application of cyanazine to winter 
wheat at the three-leaf stage is recommended by the 
manufacturers; much of the spring-germinated blackgrass 
present at this time would also be at the three-leaf 
stage. Turnip plants were treated at the two-leaf 
stage, since, under the conditions of these experiments, 
this v/as reached after the same length of time as the 
three-leaf stage of wheat and blackgrass. For all 
three species, a particular "leaf stage" was considered 
to begin when the leaf concerned was fully extended and 
the following leaf was visible but unextended.

Following application of cyanazine, phytotoxicity 
symptoms usually became apparent within four to five 
days, and lethal doses led to complete death of the 
plant within nine to twelve days. Any plant which 
survived this period usually did not die, end in tests 
in which only one plant was grown in each pot, plants 
v/hich had shown toxicity symptoms caused by sub-lethal 
doses, often recovered fully and eventually made as
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much growth as the control. If the experiment was 
harvested before the seventh day after treatment, it was 
often found that none of the cyanazine treatments had 
caused a 50% reduction in fresh weight increase. On the 
other hand, delaying the ^harvest much beyond the'twelfth 
day often led to the situation where some cyanazine 
treatments had caused complete death of the plant, with 
severe loss of fresh weight, whereas the remainder of 
the treatments showed little or no deviation from the 
control. Tests showed that experiments harvested between 
the eighth and the tenth day after treatment gave 
reproducible estimates of phytotoxicity.

I
Since all the experiments reported here were 

carried out in a glasshouse, it was expected that the 
growth rates of plants of the test species would vary, 
perhaps considerably, over the year. This was found to 
be so, especially in the case of turnip. However, 
although the variation in growth rate caused some 
variation in susceptibility to cyanazine, this latter 
was usually well within acceptable limits. The effect 
of various environmental factors, such as seed depth, 
soil water content, etc., on the susceptibility of 
plants to cyanazine was generally affected very little 
by the time of year. These conclusions are borne out 
by the results obtained in the experiments reported
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here. In most cases similar results were obtained in 
three repeats of an experiment carried out at various 
timoD of the year. As far o,o possible, repeats of 
experiments were not carried out in the same season.

2.6. RADIOISOTOPE ESTIMATIONS

2.6.1. Extraction and Counting Techniques Samples 
of plant tissue were weighed and transfered to 12cm x 
2.5cm test tubes containing 5ml methanol. The tissue 
was then thoroughly broken doivn using a top-drive 
macerator. The probe of the macerator was washed with 
methanol and the bulked methanol extract filtered under 
vacuum through a ground glass filter. The residue was 
macerated once more and the second extract filtered and 
added to the first. The filtrate was concentrated as 
necessary by rotary evaporation and made to the required 
volume. The efficiency of this extraction technique was 
demonstrated by suspending samples of the residue in a 
gel formed by adding 5ml of water to 10ml of Unisolve 1 
(a scintillant, used throughout this work, manufactured 
by Koch light ltd.). In none of the tests carried out, 
using leaf, stem and root tissue from all three plant 
species, was a significant amount of radioactivity 
found to remain in the residue after extraction.
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Because of the excessive colour quenching caused by 
pigments such as chlorophyll, extracts of plant tissue 
were decolourised before being counted, 1ml aliquots of 
chlorine water were added to glass scintillation vials 
containing-5ml samples of extract. Decolourisation 
occurred within a few seconds. This amount of chlorine 
water would fully decolourise the equivalent of no more 
than lOOmg of chlorophyll-containing plant material, 
and the volume to which the extracts were made following 
rotary evaporation was determined by this consideration.

Finally, 10ml of Unisolve 1 was added to the 
decolourised plant extract in each vial.

50g samples of soil were ground and extracted, in 
a soxhlet apparatus, for 6h, with methanol. Extracts 
were concentrated by rotary evaporation and made to the 
required volume. 5ml aliquots of extract were added to 
10ml Unisolve 1 in glass scintillation vials.

All vials containing plant and soil extracts were 
counted using a Phillips Liquid Scintillation Analyser, 
Model OM-1. The count rate for each sample was compared 
with that of a standard prepared in exactly the same 
manner, but using pure methanol rather than plant or 
soil extract, and the content estimated. Unless
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the extract had been examined by thin-layer 
chromatography, and evidence to the contrary obtained, 
all the prosont in ©aoh sample was assimod to be
still contained in cyanazine molecules#

\

Aqueous solutions of cyanazine were counted by 
adding 5ml of the solution to 10ml Unisolve 1 in a glass 
scintillation vial. The resulting gel was well shaken 
and the vial counted using the liquid scintillation 
analyser. The content was estimated by comparison 
with a standard vial of knOv/n content.

Count rates obtained for all vials were corrected 
to allow for the level of background radiation; a 
control vial, containing no extracted or radioactive 
material, was always included in every batch of vials 
counted.

2.6.2. Quench Correction Whenever extracts from 
plant material or soil were counted, the oroblems of 
chemical and colour quenching were encountered, due to 
the presence of extracted material, and of methanol and, 
in the case of plant extracts, chlorine water.
Quenching in vials containing extracted material from 
less than lOg of soil could be attributed almost 
entirely to the methanol present. Tests showed that
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quench correction was unnecessary when the extract from- 
50g soil was not concentrated to below 25ml.

Quench correction was always necessary when plant 
extracts were being counted, and so a quench correction 
curve was prepared. A concentrated plant extract was 
serially diluted to give a range of concentrations. 
Aliquots of each concentration were decolourised as 
usual and 0,1ml of a standard cyanazine solution 
added to the vial. 10ml Unisolve 1 was added and the 
mixture counted as usual, A vial containing no plant 
material acted as a standard, from which the counting 
efficiency of the other vials was estimated. For each 
sample, the counting efficiency was plotted against the 
external standard channels ratio (determined auto
matically during the counting sequence by the liquid 
scintillation analyser). The curve obtained is shov/n in 
Graph 1. Quench corrections were determined from the 
linear portion of this curve, drav/n to a larger scale 
(Graph 2 ).

The counting efficiency of a system containing 
methanol, chlorine water and Unisolve 1, but no plant 
material, v/as regarded as 100% throughout this work. 
However, methanol and chlorine water both caused marked 
quenching themselves, and the true counting efficiency
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Graph 1. Counting efficiency of decolourised plant 
extracts.
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Graph 2. Quench correction curve for decolorised 
plant extracts.
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of this system is nearer to 70^.

2,6.3. Thin-laver Chrnmato^ranhv The extent of
cyanazine metabolism was investigated by thin-layer 
chromatographic examination of plant tissue extracts
prepared by the techniques described in section 2.6.2..

14The total C contents of the extracts were determined, 
also by the techniques described in section 2.6.2..
10ml aliquots of the extracts were concentrated to 
approximately 1ml by rotary evaporation, 50^1 of each 
concentrated extract was applied to 20cm x 20cm thin- 
layer chromatography plates bearing O.lmm thick layers 
of Camag IP-S flourescent silica gel, heat activated for 
Ih at 110^. Five extract spots were applied to the 
origin of each plate, alternating with six standard spots 
containing 10^1 of an ethanolic solution of 4mg.ml‘“ 
unlabelled cyanazine.

The plates were developed in a 1:9 acetone: 
chloroform mixture, using a sandwich-chamber thin- 
layer chromatography system. Movement of the solvent 
front was limited by the removal of a 1cm wide strip of 
gel 10cm from the origin. The plates were allowed to 
dry, and cyanazine spots visualised by short wave ultra
violet light and marked. Tests showed that the presence 
of' plant or soil extracts did not affect the movement
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of cyanazine along the plate, and the assumption was 
made that labelled cyanazine in the extract would be at 
tho name rf a@ unlabelled cyanazine in the standard.

A 1cm wide band' was marked on the plate from the 
origin to the solvent front for each extract sample, 
and the gel from this band removed in portions and 
transfered to glass scintillation vials containing 5ml 
Unisolve 1. The band v/as divided into the following 
portions:
1. 0 - 2cm
2. 2cm - cyanazine spot
3. Cyanazine spot (icm^ centred upon the rf of the 

standard)
4. Cyanazine snot - 7.5cm
5. 7.5cm - 10cm

The vials were counted using the liquid scintillation 
analyser. The amounts of gel added to the vials was 
shown to cause less than a 5% reduction of the count 
rate, and no corrections were made. The percentage of 
the total ^^C present as cyanazine v/as easily determined 
from the count rates of the various vials.



3. EXPERIMENTAI, AND RESULTS

3.1. PHYTQTOXXCITY FOLLOWTUG FQUIAH AUD ROOT THEABlENTr;

This experiment was designed to compare the toxicity 
of cyanazine applied to the subterranean parts of the 
plant with its toxicity when applied to the aerial parts. 
To ensure that the subterranean plant parts were rapidly 
contacted by the herbicide, sand was used instead of 
soil; the rapid movement of cyanazine through this sand 
is reported in section 3.15.

Pregerminated seeds were planted at a depth of 2cm 
in sand maintained throughout the experiment at a 
moisture content of 15^. Radikill treatments were 
applied at the standard growth stages. One group of 
pots was treated on the turntable sprayer, contamination 
of the sand surface being prevented by a vermicullite 
layer. This group is refered to as the foliar 
treatments. A second group, refered to as the root 
treatments, were treated by pipette. For each site of 
application five pots were treated for each of the 
following rates of Radikill (expressed as kg.ha””̂ ):
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Wheat: 1.0 2.0 4.0 8.0 16.0
Blackgrass: 0.05 0.1 0.2 0.4 0.8
Turnip : 0.01 0.02 0,04 0.03 0.16

The plants from ten untreated pots were harvested 
as initial controls, and a further ten untreated pots 
were reserved to provide final controls. The plants 
from the final control pots, and from all treated pots, 
were harvested between eight and ten days after 
treatment.

This experiment was repeated three times for each 
species. The results are presented in Tables 1 to 9, 
and in Graphs 3 to 11.
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Table 1, Pbytotoxicity following foliar and root
treatment. Wheat - one.

THBAl".EWT WEIGNT
PER

PLANT\
(mg)

INCREASE IN
WEIGHT PER 

PLA^T

95̂ ^
CONFIDENCE

LIMITS
SITE OF 
APPLIC
ATION

CYAN-
AZINE

(kg,ha“ )̂ (mg) (?;)

CONTROL (I) 291.2
(F)* 646.9 335.7 100.0

FOLIAR 1.0 580.3 289.1 81.3 76.0 to 86.6
2.0 566.6 275.4 ,77.4 66.5 to 88.3
4.0 461.3 170.1 '47.8 37.8 to 57.8
8.0 344.1 52.9 14.9 4.8 to 25.0

16.0 302.9 11.7 3.3 -2.8 to 9.4

ROOT 1.0 244.8 -46. 4 -13.0 -26.3 to 0.3
2.0 938.4 -52.8 -14.8 -27.9 to -1.7
4.0 204.1 -87.1 -24.5 —36.8 to —12.2
8.0 198.4 -92.8 -26.1 -39.3 to -12.9

.. .

16.0 166.1 -125.2 -35.2 —41.9 to —28.5

 ̂ (l) Initial 
(?) Final
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Graph 3. Phytotoxicity following foliar and root
treatment. Wheat - one.
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Table 2. Phytotoxicity following foliar and root
treatment. Wheat - two.

TREATMENT WEIGHT
PER

PLANL
(mg)

INCREASE IN 
WEIGHT PER

PLANT

95̂ ^
CONFIDENCE

LIMITS
SITE OP 
APPLIC
ATION

CYAN
AZINE

(■kg.ha“ )̂ (mg) (?;)

CONTROL (I) 362.8
(F) 793.2 430.4 100.0

FOLIAR 1.0 772.1 409.3 95.1 89.1 to 101,1
2.0 798.8 436.0 101.3 93.2 to 109.4
4.0 607.3 244.5 56.8 45.4 to 68.2
8.0 505.3 142.5 33.1 18.3 to 47.9

16.0 394.0 31.2 7.2 1.2 to 13.2

ROOT 1.0 371.0 8.2 1.9 -9.8 to 13.6
2.0 324.9 -37.9 -8.8 -24.6 to 7.0
4.0 350.3 -12.5 -2.9 -9.5 to 3.7
8.0 279.3 -83.5 -19.4 -23.4 to -15.4

16.0 255.2 -107.6 -25.0 —39.4 to —10.6
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Graph 4. Phytotoxicity following foliar and root
'oatment, V/heat TWO .
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Table 3. Phytotoxicity following foliar and root
treatment. Wheat - three.

TREATMENT WEIGHT
PER

PLANÏ
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95%
CONFIDENCE

LIMITS
SITE OP 
APPLIC
ATION

CYAN
AZINE 

(kg.ha“ )̂ (mg) (̂c)

CONTROL (I) 284.6
(P) 610.8 326.2 100.0

POLIAR 1.0 555.1 270.5 82.9 74.6 to 91.2
2.0 473.8 189.2 58.0 50.3 to 65.7
4.0 361.6 77.0 23.6 15.2 to 32.0
8.0 343.0 58.4 17.9 8.1 to 27.7

16.0 277.7 -6.9 -2.1 -12.5 to 8.3

ROOT 1.0 268.6 -16.0 -4.9 -14.0 to 4.2
2.0 288.5 3.9 1. 2 -8.5 to 10.9
4.0 272.2 -12.4 -3.8 -15.4 to 7.8
8.0 238.9 -45.7 -14.0 -23. 4 to -4. 6

16.0 210. 2 -74.4 -22.8 -29.9 to -15.7
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Graph. 5. Phy to toxic ity following foliar and root
treatment. V/heat - three.
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Table 4. Phytotoxicity following foliar and root
treatment. Blackgrass - one.

TREATMENT WEIGHT
PER

PLANi*
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

959̂
CONFIDENCE

LIMITS
SITE OP 
APPLIC
ATION

CYAN
AZINE

(kg.ha” )̂ (mg) (9̂)

CONTROL (I) 45.3
(P) 138.6 93.3 100.0

POLIAR 0.05 134.4 89.1 95.5 89.3 to 101.7
0.1 139.7 94.4 101.2 89.0 to 113.4
0. 2 140.5 95.2 102.0 89.7 to 114.3
0.4 130.1 84.8 90.9 80.1 to 101.7
0.8 126.1 80.8 86.6 77.9 to 95.3

ROOT 0.05 76.3 31.0 33.2 25.7 to 40.7
0.1 57.4 12.1 13.0 6.5 to 19.5
0. 2 42.4 -2.9 -3.1 -7.4 to 1.2
0.4 46.5 1.2 1.3 -6.8 to 9.4
0.8 31.1 -14.2 -15.2 -19.9 to -10.5
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Graph 6. Phytotoxicity following foliar and root
treatment, Blackgrass - one.

Increase in

0.05 0.1

fresh weight 
of control)

100

80
70

60

50

20
10

-10

-20

0.2 0.4 0.8
Cyanazine treatment 

(kg.ha”"̂ )
Site of application:x Foliar

O Root



54

Table 5. Phytotoxicity following foliar and root
treatment. Blackgrass - two.

TREATMENT WEIGHT
PER
PLAN#
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95ÿ6
CONFIDENCE

LIMITS
SITE OP 
APPLIC
ATION

CYAN
AZINE

(kg.ha"^) (mg) (f.')

CONTROL (I) 61.8
(P) 184.6 122.8 100.0

POLIAR 0.05 182.1 120.3 98.0 88.4 to 107.6
0.1 190.6 128.8 104.9 99.2 to 110.6
0. 2 184.8 123.0 100.2 86.3 to 114.1
0.4 174.5 112.7 91.8 77.8 to 105.8
0.8 162.9 101.1 82.3 71.8 to 92.8

ROOT 0.05 104.9 43.1 35.1 22.2 to 48.0
0.1 93.2 31.4 25.6 3.2 to 48.0
0.2 66.0 4.2 3.4 -12.4 to 19.2
0.4 44.7 -17.1 -13.9 —25.6 to —2.2
0.8 48.7 -13.1 -10.7 -15.0 to -6.4
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Graph 7. Phytotoxicity following foliar and root
treatment. Blackgrass - two.
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Table 6. Phytotoxicity following foliar and root
treatment. Black.<?r8.ss - three.

TREATMENT ■7EI0HT
PER

PLANT'
(mg)

INCREASE IN 
WEIGHT PER

PLANT

95̂ ^
CONFIDENCE

LIMITS
SITE OP 
APPLIC
ATION

CYAN-
AZINE

(kg.ha“ )̂ (mg) (%)

CONTROL (I) 42.7
(P) 153.3 110.6 100.0

POLIAR 0.05 149. 2 106.5 96.3 87.0 to 105.6
0.1 156.7 114.0 103.1 95.5 to 110.7
0.2 140.5 97.8 88.4 81.0 to 95.8
0.4 125.9 83.2 75.2 70.7 to 79.7
0.8 116.7 74.0 66. 9 55.1 to 78.7

ROOT 0.05 46.0 3.3 3.0 -12.4 to 18.4
0.1 35.1 -7.6 -6.9 -27.1 to 13.3
0.2 40.7 -2.0 -1.8 -15.8 to 12.2
0.4 36.2 -6.5 -5.9 -21.6 to 9.8
0.8 24.1 -18.6 -16.8 -28.0 to -5.6
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GraiDh 8. Phy to toxicity following foliar and root
treatment. Blackgrass - three.
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Table 7. Phytotoxicity following foliar and root
treatment. Turnip - one.

TREATMENT WEIGHT INCREASE IN 
WEIGHT PER 

PLANT

95ÿo
CONFIDENCE

LINITS
SITE OF 
APPLIC
ATION

CYAN
AZINE

(kg.ha“ )̂

PER
i-'LANT'
(mg) (mg) (9̂ )

CONTROL (I) 635.3
(F) 1238.2 602.9 100.0

FOLIAR- 0.01 1098.9 463.6 76.9 70.4 to 83.4
0.02 959.7 324.4 53.8 47.7 to 59.9
0.04 689.0 53.7 8.9 4.9 to 12.9
0.08 618.4 -16.9 -2.8 -6.3 to 0.7
0.16 549.7 -85.6 -14. 2 —X6,6 to "“XI. 8

ROOT 0.01 1220.1 584.8 97.0 94.2 to 99.8
0.02 1216.5 581.2 96.4 92.3 to X00.5
0.04 1049.5 414.2 68.7 6X.0 to 76.4
0.08 666.7 31.4 5.2 -1.2 to XX.6
0.16 619.6 -15.7 -2.6 -3.9 to -X.3
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Graph 9. Phytotoxicity following foliar and root
treatment. Turnip - one.
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Table 8. Phytotoxicity following foliar and root
treatment. Turnip - two.

TREATMENT WEIGHT
PER

•PLANT'
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95#
CONFIDENCE

LIMITS
SITE OP 
APPLIC
ATION

CYAN
AZINE

(kg.ha"*^) (mg) (9%)

CONTROL (I) 583.7
(P) 1214.5 630.8 100.0

FOLIAR 0.01 980.5 396.8 62.9 50.6 to 75.2
0.02 947.0 363.3 57.6 47.3 to 67.9
0.04 875.1 291.4 46.2 30.8 to 61. 6
0.08 686.5 102.8 16.3 5.0 to 27.6
0.16 550.9 -32.8 -5.2 -22.4 to 12.0

ROOT 0.01 1220.8 637.1 101.0 89.2 to 112.8
0.02 1244.8 661.1 104.8 92.4 to 117.2
0.04 1160.3 576.6 91.4 75.1 to 107.7
0.08 883.3 299.6 47.5 36.0 to 59.0
0.16 689.0 105.3 16.7 35.8 to -2.4



61

G-raph 10. Phytotoxicity following foliar and root
treatment. Turnip - two.
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Table 9. Phytotoxicity following foliar and root
treatment. Turnin - three.

TRE^rCMÜNT WEIGHT
PER

pla nt
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

959°
CONFIDENCE

LIMITS
SITE OE 
APPLIC
ATION

CYAN
AZINE

(kg.ha” )̂ (mg) (̂:)

CONTROL (I) 676.2
(F) 1410.8 734.6 100.0

FOLIAR 0.01 1385.1 708.9 96.5 88.6 to 104. 4
0.02 1062.6 386.4 52.6 39.3 to 65.9
0.04 862.0 185.8 25.3 19.5 to 31.1
0.08 770. 2 94.0 12.8 6. 5 to 19.1
0.16 591.7 -84.5 -11.5 -17.4 to -5.6

ROOT 0.01 1330.0 653.8 89.0 76.1 to 101. 9
0.02 1352.8 676.6 92.1 78.9 to 105.3
0.04 1365.3 689.1 93.8 85.2 to 102. 4
0.08 1028.1 351.9 47.9 34.2 to 61.6
0.16 729.1 52.9 7.2 -1.0 to 15.4
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Graph 11. Phytotoxicity following foliar and root
treatment. Turnip - three.
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3.2. PfIYTOTOXICITY PQLLOV/ITG EXPOSURE OF TPE 
SUB-SURFACE SHOOT

The toxicity of cyanazine applied to the sub-
i

surface shoots of plants growing in pots containing 
soil was compared, in this experimentj with its toxicity 
when applied to all subterranean plant parts.

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at 75̂  ̂pot 
capacity. A 5g layer of activated charcoal was anplied 
in one half of the pots. Radikill treatments were 
applied by pinette at the standard growth stages. Five 
pots with and five without charcoal were treated for 
each of the following rates of Radikill (expressed as 
kg.ha~^):

Wheat: 1..0 2.0 4.0 8.0 16.0
Blackgrass: 0.125 0.25 0.5 1.0 2.0
Turnip: 0.25 0.5 1.0 2.0 4.0

The plants from twenty untreated pots, ten with 
and ten without charcoal, were harvested as initial 
controls. A further twenty untreated pots, again ten 
with and ten without charcoal, were reserved to provide 
final controls. The plants from the final control pots, 
and from the treated pots, were harvested between
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eight and ten days after treatment.

Gompariçon© ware madq, uoing thd Studanta* t teat, 
of the weight of control plants grown in pots with and 
without a charcoal layer,^ in order that any effect of 
the layer, upon growth, could be quantified.

This experiment v/as repeated three times for each 
species. The results are presented in Tables 10 to 27, 
an& in Graphs 12 to 20.
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Table 10. Phytotoxicity following exposure of the
sub-surface shoot. Wheat - one.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95%
CONFIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha~^) (mg) (fb)

ABSENT 0(1) 247.5
0(E) ' 414.3 166.8 100.0
1.0 407.9 160.4 96.1 88.2 to 104.0
2.0 369. 6 122.1 73.2 69.5 to 76.9
4.0 283.5 36.1 21.6 15.9 to 27.3
8.0 250.0 2.5 1.5 -9.7 to 12.7

16.0 234.3 -13.2 -7.9 -22.1 to 6.3

PRESENT 0(1) 289.9
0(E) 522.7 232.8 100.0
1.0 507.7 217.8 93.6 87.5 to 99.7
2.0 504.1 214.2 92.0 87.3 to 96.7
4.0 516.0 226.1 97.1 92.4 to 101.8
8.0 468.5 178.6 76.7 70.5 to 82.9

16.0 430.1 140.2 60.2 54.3 to 66.1

Table 11. The effect of a charcoal layer on plant 
growth. Wheat - one.

DIFFERENCE VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

INITIAL 42.4 4.81 <0.001

PINAL 108.4 16.08 <0.001
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Graph 12. Phytotoxicity following exposure of the
suh-surface shoot. Wheat - one.
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Table 12. Phytotoxicity following exposure of the
sub-surface shoot. Wheat - b.vo.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
Y/EIGHT PER

PLANT

95̂ 0
CONFIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha"^) (mg) (%)

ABSENT 0(1) 265.1
0(E) 564.6 299.5 100.0
1.0 517.6 252.5 84.3 77.2 to 91.4
2.0 449.1 184.0 61. 4 51.1 to 71.7
4.0 312.4 47.3 15.8 3.0 to 28.6
8.0 248.0 -17.1 -5.7 -18.9 to 7.5

16.0 239.3 -25.8 -8.6 -24.9 to 7.7

PRESENT 0(1) 324.8
0(E) - 703.4 378.6 100.0
1.0 674.2 349.4 92.3 84.9 to 99.7
2.0 705.7 380.9 100.6 93.1 to 108.7
4.0 692.4 367.6 97.1 85.8 to 108.4
8.0 611.7 286.9 75.8 70.4 to 81.2

16.0 503.5 178.7 47.2 41.2 to 53.2

Table 13. The effect of a charcoal layer on plant 
growth. Wheat - two.

DIFFERENCE VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

INITIAL 59.7 3.76 0.01

FINAL 138.8 11.82 <0.001
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Graph 13. Phytotoxicity following exposure of the
suh-surface shoot. Wheat - two.
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Table 14. Phytotoxicity following exposure of the
sub-surface shoot. Wheat - three.

TREATMENT WEIGHT
PER

PLAN#
(mg)

INCREASE IN
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITSCHARCOAL
CYAN-
AZINE

(kg.ha” )̂ (mg) (̂0)

ABSENT 0(1) 218.3
0(F) 396.2 177.9 100.0
1.0 391.2 172.9 97.2 90.1 to 104.3
2.0 383.2 164.9 92.7 83.6 to 101.8
4.0 296.4 78.1 43.9 38.5 to 49.3
8.0 348.7 30.4 17.1 4.7 to 29.5

16.0 229.3 11.0 6.2 -4.8 to 17.2

PRESENT 0(1) 285.7
0(F) 488.5 202.8 100.0
1.0 490.7 205.0 101.1 93.2 to 109.0
2.0 484.8 199.1 98.2 .88.6 to 107.8
4.0 478.2 192.5 94.9 85.3 to 104.5
8.0 450.6 164.9 81.3 71.7 to 90.9

16.0 432.1 146.4 72.2 65.2 to 79.2

Table 15. The effect of a charcoal layer on plant 
growth. Wheat - three.

DIFFERENCE VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

IKITIAI 67.4 2.93 0.01

FINAL 92.3 4.01 <0.001
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Graph 14. Phytotoxicity following exposure of the
suh-surface shoot. Wheat - three,
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Table 16. Phytotoxicity following exposure of the
sub-surface shoot. Blackgrass - one.

TREATMENT WEIGHT
PER

PLAN#
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha~^) (mg) (9̂ )

ABSENT 0(1) 38.3
0(P) 130.6 92.3 100.0
0.125 133.3 95.0 102.9 97.0 to 108.8
0.25 116.8 78.5 85.0 78.4 to 91.6
0.5 76.9 38.6 41.8 34.0 to 49.6
1.0 48.2 9.9 10.7 5.6 to 15.8
2.0 34.4 -3.9 -4.2 “8,1 to —0,3

PRESENT 0(1) 49.6
0(F) 192.1 142.5 100.0
0.125 202.5 152.9 107.3 96.8 to 117.8
0.25 193.2 143.6 100.8 92.7 to 108.9
0.5 131:0 81.4 57.1 49.5 to 64.7
1.0 92.3 42.7 30.0 21.2 to 38.8
2.0 63.9 14.3 10.0 4.0 to 16.0

Table 17. The effect of a charcoal layer on plant 
growth. Blackgrass - one.

DIFFERENCE' VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

INITIAL 11.3 3.53 0.01

PINAL 61.5 13.92 <0.001
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Graph 15. Phytotoxicity following exposure of the
sub-surface shoot. Blackgrass - one.
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Table 18. Phytotoxicity following exposure of the
sub-surface shoot. Blackgrass - two.

TREATMENT WEIGHT
PER
PLANT^
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

959̂
CONFIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha*^) (mg) (9̂ )

ABSENT 0(1) 45.6
0(F) 148.2 102.6 100.0
0.125 142.7 97.1 94.5 91.1 to 98.1
0.25 149.9 104.3 101.7 94.2 to 109.2
0.5 99.1 53.5 52.1 41.3 to 62.9
1.0 69.0 23.4 22.8 14.2 to 31.4
2.0 49.7 4.1 4.0 -1.8 to 9.8

PRESENT 0(1) 63.1
0(F) 203.7 140.6 100.0
0.125 206.2 143.1 101.8 92.0 to 111.6
0.25 194.8 131.7 93.7 88.2 to 99.2
0.5 149.1 86.0 61.2 55.4 to 67.0
1.0 107.4 44.3 31.5 19.2 to 43.8
2.0 92.6 29.5 21.0 13.9 to 28.1

Table 19. The effect of a charcoal layer on plant 
growth. Blackgrass - two.

DIFFERENCE' VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

INITIAL 17.5 4.21 <0.001

FINAL 55.5 11.86 <0.001
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Graph 16, Phytotoxicity following exposure of the
suh-surface shoot. Blackgrass - two.
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Table 20. Phytotoxicity following exposure of the
sub-surface shoot. Blackgrass - three. ,

TREATMENT WEIGHT
PER

PLANT'
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONEIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha“ )̂ (mg) (̂ )

ABSENT 0(1) 35.2
0(E) 148.1 112.9 100.0
0.125 144.7 109.5 97.0 86.3 to 107.7
0.25 116.8 81.6 72.3 66.5 to 78.1
0.5 85.1 49.9 44.2 31.9 to 56.5
1.0 45.1 9.9 8.8 -1.8 to 19.4
2.0 37.4 2.2 2.0 -13.9 to 17.9

PRESENT 0(1) 51.4
0(E) 186.9 135.5 100.0
0.125 186.2 134.8 99.5 92.1 to 106.9
0.25 181.5 130.1 96.0 87.6 to 104.4
0.5 166.3 114.9 84.8 71.0 to 98.6
1.0 • 97.5 46.1 34.0 27.8 to 40.2
2.0 58.3 6.9 5.1 -5.0 to 15.2

Table 21. The effect of a charcoal layer on plant 
growth. Blackgrass - three.

' DIEEERENCE VALUE OE LEVEL OE
(mg) t SIGNIEICANCE

INITIAL 16.2 5.80 <0.001

EINAL 38.8 9.92 <0.001
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Graph 17. Phytotoxicity following exposure of the
sub-surface shoot, Blackgrass - three.
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Table 22. Phytotoxicity following exposure of the
sub-surface shoot. Turnip - one.

TREATMENT WEIGHT
PER

PLANT^
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95fo
CONFIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha“^) (mg) (%)

ABSENT 0(1) 366. 4
0(F) 1195.1 828.7 100.0
0.25 1173.5 807.1 97.4 89.2 to 105.6
0.5 1136.3 769.9 92.9 82.4 to 103.4
1.0 895.1 528.7 63.8 55.6 to 72.0
2.0 509.8 143.4 17.3 8.0 to 26.6
4.0 310.1 -56.3 -6.8 -15.4 to 1.8

PRESENT 0(1) 388.2
0(E) 1408.7 1020.7 100.0
0.25 1412.8 1024.6 101. 4 95.1 to 107.7
0.5 1284.5 896.3 88.7 84.1 to 93.3
1.0 1145.0 756.8 74.9 70.0 to 79.8
2.0 868.1 479.9 47.5 39.2 to 55.8
4.0 562.0 173.8 17.2 7.1 to 27.3

Table 23. The effect of a charcoal layer on plant 
growth. Turnip - one.

DIFFERENCE VALUE OP LEVEL OP
(mg) t SIGNIFICANCE

INITIAL 21.8 1.09 0.3

PINAL 213.6 4.63 <0.001
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Graph 18. Phytotoxicity following exposure of the
sub-surface shoot. Turnip - one.
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Table 24. Phytotoxicity following exposure of the
sub-surface shoot. Turnip - two.

TREATMENT WEIGHT
PER

PLANT'
(mg)

INCREASE IN 
^yEIGHT PER 

PLANT

959̂  
CONFIDENCE 

LIMITS 'CHARCOAL
CYAN
AZINE

(kg.ha*“̂ ) (mg) (̂ )

ABSENT 0(1) 410.4
0(P) 1305.6 895.2 100.0
0.25 1279.6 869.2 97.1 87.2 to 107.0
0.5 1330.7 920.3 102,8 94.5 to 111,1
1.0 995.9 585.5 1 65.4 59.3 to 71.5
2.0 561.7 151.3 16.9 5.4 to 28.4
4.0 386.2 -24.2 -2.7 -15.7 to 10.3

PRESENT 0(1) 463.8
0(F) 1510.3 1046.5 100.0
0.25 1593.0 1129.2 107.9 102.3 to 113.5
0.5 1469.5 1005.7 96.1 88.0 to 104.2
1.0 1265.4 801.6 76.6 64.8 to 88.4
2.0 1111.6 647.8 61.9 55.3 to 68,5
4.0 947.3 483.5 46.2 36.1 to 57.3

Table 25. The effect of a charcoal layer on plant 
growth. Turnip - two.

DIFFERENCE VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

INITIAL 53.4 3.62 0.01

FINAL 204.7 15,84 <0,001
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Graph 19. Phytotoxicity following exposure of the
sub-surface shoot. Turnip - two.
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Table 26, Phytotoxicity following exposure of the
sub-surface shoot. Turnip - three.
\,..... .—" —  — ....

TREATMENT WEIGHT
PER

PLANT'
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITSCHARCOAL
CYAN
AZINE

(kg.ha“ )̂ (mg) (̂ 0

ABSENT 0(1) 308.6
0(F) 1121.7 813.1 100.0
0.25 1056.5 747.9 91.9 79.2 to 104.6
0.5 990.6 682.0 83.8 75.6 to 92.0
1.0 762.7 454.1 55.8 45.1 to 66.5
2.0 376.1 67.5 8.3 -1.6 to 18.2
4.0 183.3 -125.3 -15.4 -21.5 to -9.3

PRESENT 0(1) 412.6
0(F) 1262.5 849.9 100.0
0.25 1237.0 824.4 97.0 92.8 to 101.2
0.5 1220.8 808.2 95.1 86.8 to 103.4
1.0 1016.0 603.4 71.0 60.3 to 81.7
2.0 748.3 335.7 39.5 33.1 to 45.9
4.0 607.2 194.6 22.9 16.0 to 29.8

Table 27. The effect of a charcoal layer on plant 
growth. Turnip - three.

DIFFERENCE VALUE OF LEVEL OF
(mg) t SIGNIFICANCE

INITIAL 104.0 2.96 0.01

FINAL 140.8 6.32 <0.001
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Graph 20, Phytotoxicity following exposure of the
suh-surface shoot. Turnip - three.
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3.3. THE EFFECT OF SEED DEPTH ON PHYTOTOXICITY 
FOLLOWING SOIL SURFACE TREATMENT

The effect of seed depth on the phytotoxicity of 
a herbicide will reflect ̂ the extent of uptake via the 
sub-surface shoot, since the length of the sub-surface 
shoot will be determined by the depth of the seed.
This experiment was designed to determine v/hether or 
not an increase in seed depth can decrease the 
susceptibility of the plant by altering the distribution 
of the subterranean plant parts.

Pregerminated seeds were planted at a depth of 0.5, 
2.0 or 4.0cm, in soil maintained throughout the experiment 
at 75^ pot capacity. Radikill treatments were applied 
by pipette at the standard growth stages. For each 
seed depth five pots were treated for each of the 
following rates of Radikill (expressed as kg.ha""^):

Wheat: 1.0 2.0 4.0 8.0 16.0
Blackgrass: 0,25 0.5 1.0 . 2.0 4.0
Turnip: 0.25 0.5 1.0 2.0 4.0

For each seed depth, the plants from ten untreated 
pots were harvested as initial controls, and a further 
ten pots reserved to provide final controls. The plants 
from the final control pots and from all treated pots
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were harvested eight to ten days after treatment.

The contents of all control pots were carefully 
turned out and the soil gently washed away, so that the 
distribution of the roots' could be investigated

This experiment was repeated three times, for each 
species. The results are presented in Tables 28 to 45, 
and in Graphs 21 to 29.

The Distribution of Roots

In no case were roots found to have developed in, 
or to have extended into, the sub-surface shoot zone 
(ie: the soil above the seed), of wheat and turnin 
plants, even at the final harvest date. Blackgrass 
plants, on the other hand, rapidly developed adventitious 
roots arising within 1.5cm of the soil surface. These 
adventitious roots were visible even in the initial 
control pots, except in the 0.5cm seed depth group, 
where seminal and adventitious roots were indistinguish
able.
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Table 28. The effect of seed depth oh phytotoxicity
following soil surface treatment. V/heat - one.

TREATMENT WEIGHT
PER

pla nt
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

959̂
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha*"^) (mg) (9G)

0.5 0(1) 285.3 I
0(F) 591.6 306.3 100.0
1.0 350.5 65.2 21.3 14.2 to 28.4
2.0 269.9 -15.4 -5.0 -9.4 to -0.6
4.0 239.3 -46.0 -15.0 -19.7 to -10.3
8.0 216.4 -68.9 -22.5 -31.9 to -13.1

16.0 219.3 -66.0 -21.5 -28.9 to -14.1

2.0 0(1) 279.1
0(E) 615.3 336.2 100.0
1.0 594.5 315.4 93.8 86.2 to 101.4
2.0 515.0 235.9 70.2 61.0 to 79.4
4.0 415.3 136.2 40.5 35.6 to 45.4
8.0 288.9 9.8 2.9 -1.3 to 7.1

16.0 287.7 8.6 2.5 -8.1 to 13.1

4.0 0(1) 228.2
0(F) • 546.4 318.2 100.0
1.0 559.5 331.3 104.1 97.4 to 110.8
2.0 575.7 347.5 109.2 102.7 to 115.7
4.0 581.5 353.3 111.0 104.2 to 117.8
8.0 562.3 334.1 104.9 98.2 to 111.6

16.0 508.7 280.5 88.2 83.2 to 93.2
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G-raph 21. The effect of seed depth on phytotoxicity
following soil surface treatment. Wheat - one.
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Table 29. The effect of seed depth on plant growth. 
Wheat - one. ^

SEED DEPTHS 
(cm)

DIEEERENCE
(mg)

VALUE OE 
t

LEVEL OE 
SIGNIEICANCE

0.5 and 2.0 (I) 6.2 0.62 0.6

0.5 and 4.0 (I) 57.1 3.77 0.01

2.0 and 4.0 (I) 50.9 4.48 0.01

0.5 and 2.0 (D 23.7 3.15 0.02

0.5 and 4.0 (T) 45.2 12.72 <0.001

2.0 and 4.0 (F) 68.9 10.37 <0.001
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Table 30. The effect of seed depth on phytotoxicity
following soil surface treatment. Wheat - two.

TREATMENT WEIGHT
PER

PLANO>
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

959̂
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha"^) (mg) ($)

0.5 0(1) 247.0
0(F) 594.1 347.1 100.0
1.0 390.0 143.0 41.2 32.0 to 50.4
2,0 268.2 21. 2 6.1 -3.7 to 15.9
4.0 190.4 -56.6 -16.3 —20. 2 to —12. 4
8.0 212.3 -34.7 -10.0 -15.1 to -4.9

16.0 190.5 -56.5 -16.3 -21.8 to -10.8

2.0 0(1) 253.9
0(F) 583.6 329.7 100.0
1.0 587.8 333.9 101.3 93.2 to 109.4
2.0 548.0 294.1 89.2 77.3 to 101.1
4.0 410.5 156.6 47.5 37.8 to 57.2
8.0 319.2 65.3 19.8 10.4 to 29.2

16.0 291.2 37.3 11.3 3.7 to 18.9

4.0 0(1) 210.3
0(F) 509.2 298.9 100.0
1.0 493.7 283.4 94.8 89.5 to 100.1
2.0 513.1 302.8 101.3 95.9 to 106.7
4.0 506.8 296.5 99.2 92.2 to 106.2
8.0 490.4 280.1 93.7 85.3 to 102.1

16.0 495.7 285.4 95.5 88.9 to 102.1
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Graph 22. The effect of seed depth on phytotoxicity
following soil surface treatment. Wheat - two.
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Table 31. The effect of seed depth on plant growth. 
Wheat - two. ^

SEED DEPTHS 
(cm)

DIEEERENCE
(mg)

VALUE 0? 
t

LEVEL 0? 
SIGNIEICANCE

0.5 and 2,0 (I) 6.9 0.63 0.6

0.5 and 4.0 (I) 36.7 3.06 0.01

2.0 and 4.0 (I) 43.6 3.88 0.01

0.5 and 2.0 (?) 10.5 1.65 0.2

0.5 and 4.0 (?) 84.9 8.34 <0.001

2.0 and 4.0 (?) 74.4 8.63 <0.001
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Table 32. The effect of seed depth on phytotoxicity
following soil surface treatment. Wheat - three.

TREATMENT WEIGHT
PER

PLANT^
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95̂ 0
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha~^) (mg) (9̂)

0.5 0(1) 308.5
0(F) 583.0 274.5 100.0
1.0 401.6 93.1 33.9 22.9 to 44.9
2.0 329.4 20.9 7.6 -0.8 to 16.0
4.0 300.8 -7.7 -2.8 -7.1 to 4.3
8.0 259.6 -48.9 -17.8 —22.8 to —12.8

16.0 263.8 -44.7 -16.3 —24.6 to —8.0

2.0 0(1) 295.3
0(F) 606.1 310.8 100.0
1.0 630.7 335.4 107.9 100.2 to 115.6
2.0 521.6 226.3 72.8 64.5 to 81.1
4.0 368.0 72.7 23.4 15.0 to 30.8
8.0 301.8 6.5 2.1 -5.9 to 8.0

16.0 267.6 -27.7 -8.9 -19.0 to 1.2

4.0 0(1) 260.3
0(F) 548.9 288.6 100.0
1.0 557.0 296.7 102.8 92.9 to 112.7
2.0 550.1 289.8 100. 4 92.3 to 108.5
4.0 531.6 271.3 94.0 87.6 to 100.4
8.0 497.2 263.9 82.1 74.1 to 90.1

16.0 483.1 222.8 77.2 66.3 to 88.1
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Graph 23. The effect of seed depth on phytotoxicity
following soil surface treatment. Wheat - three.
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Table 33. The effect of seed depth on plant growth. 
Wheat - three. ^

SEED DEPTHS 
(cm)

DI??ERENCE
(mg)

VALUE 0? 
t

LEVEL 0? 
SIGNIEICANCE

0.5 and 2.0 (I) 13.2 0.43 0.7

0.5 and 4.0 (I) 48.2 2.61 0.02

2.0 and 4.0 (I) 35.0 2.75 0.02

0.5 and 2.0 (?) 23.1 2.36 0.05

0.5 and 4.0 (?) 34.1 3.21 0.01

2.0 and 4.0 (?) • 57.2 3.73 0.01
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Table 34. The effect of seed depth on phytotoxicity
following soil surface treatment. Blackgrass - one.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN-
AZINE

(kg.ha"^) (mg) (f̂ )

0.5 0(1) 39.2
0(F) 160.8 121.6 100.0
0.25 133.0 93.8 77.1 72.7 to 81.5
0.5 120.6 81.4 66.9 64.4 to 69.4
1.0 84.7 45.5 37.4 31.1 to 43.7
2.0 65.3 26.1 21.5 17.9 to 25.1
4.0 48.1 8.9 7.3 3.6 to 11.0

2.0 0(1) 49.1
0(F) 150.1 101.0 100.0
0.25 120.6 71.5 70.8 63.8 to 77.8
0.5 122.3 73.2 72.5 67.2 to 77.8
1.0 91.3 42.2 41.8 35". 3 to 48.3
2.0 55.6 6.6 6. 5 3.2 to 9.8
4.0 ■ 46.4 -2.7 -2.7 -6.3 to 0.9

4.0 0(1) 45.2
0(F) 136.9 91.7 100.0
0.25 113.1 67.9 74.0 68.1 to 79.9
0.5 109.5 64.3 70.1 67.0 to 73.2
1.0 89.3 44.1 48.1 43.2 to 53.0
2.0 79.7 34.5 37.6 35.0 to 40.2
4.0 76.9 31.7 34.6 30.1 to 39.1
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Graph 24. The effect of seed depth on phytotoxicity
following soil surface treatment. Blackgrass - one,
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Table 35. The effect of seed depth on plant growth. 
Blackgrass - one. ''

SEED DEPTHS 
(cm)

DIEEERENCE
(mg)

VALUE OE 
t

LEVEL OE 
SIGNIFICANCE

0,5 and 2.0 (I) 9.9 2.48 0.05

0.5 and 4.0 (I) 6.0 2.26 0.05

2.0 and 4.0 (I) 3.9 0.41 0.7

0.5 and 2.0 (P) 10.7 0.93 0.4

0.5 and 4.0 (E ) 23.9 1.16 0.3

2.0 and 4.0 (E) 13.2 0.91 0.4
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Table 36. The effect of seed depth on phytotoxicity
following soil surface treatment. Blackgrass - two.

TREATMENT WEIGHT
PER

PLANO?
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha“ )̂ (mg) (9̂ )

0.5 0(1) 46.3
0(E) 152.1 105.8 100.0 ■
0.25 148.8 102.5 96.9 88.6 to 105.2
0.5 138.6 92.3 87. 2 75.6 to 98.8
1.0 91.8 45.5 43.0 33.5 to 52.5
2.0 76.2 29.9 28.3 22.4 to 34.2
4.0 '65.6 19.3 18. 2 10.6 to 25.8

2.0 0(1) 51.6
0(F) 145.9 94.3 100.0
0.25 145.5 93.9 99.6 88.4 to 110.8
0.5 130.6 79.0 83.8 75.5 to 92.1
1.0 83.3 31.7 33.6 24.4 to 42.8
2.0 55.1 3.5 3.7 -3.1 to 10.5
4.0 53.4 1.8 1.9 -4.1 to 7.9

4.0 0(1) 43.8
0(F) 156.0 112.2 100.0
0.25 148.7 104.9 93.5 86.7 to 100.3
0.5 145.0 101.2 90.2 81.2 to 99.2
1.0 105.6 61.8 55.1 48.3 to 61.9
2.0 92.7 48.9 43.6 37.2 to 50.0
4.0 79.4 35.6 31.7 23.4 to 40.0
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Graph 25. The effect of seed depth on phytotoxicity
following soil surface treatment. Blackgrass - two.
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Table 37. The effect of seed depth on plant growth. 
Blackgrass - two. ^

SEED DEPTHS 
(cm)

DI??ERENCE
(mg)

VALUE 0? 
t

LEVEL 0? 
SIGNIEICANCE

0.5 and 2.0 (I) 5.3 1.12 0.3

0.5 and 4.0 (I) 2.5 0.93 0.4

2.0 and 4.0 (I) 7.8 2.13 0.05

0.5 and 2.0 (?) 6.2 1.06 0.4

0.5 and 4.0 (?) 3.9 0.74 0.5

2.0 and 4.0 (?) 10.1 1. 26 0.3
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Table 38. The effect of seed depth on phytotoxicity
following soil surface treatment. Blackgrass - three.

TREATMENT WEIGHT
PER
PLANT^
(mg)

INCREASE IN 
WEIGHT{PER 

PLANT

959̂
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha*"^) (mg) (y;)

0.5 0(1) 53.2
0(F) 173.6 120.4 100.0
0.25 165.3 112.1 93.1 83.6 to 102.6
0.5 151.4 98.2 81.6 73.3 to 89.9
1.0 105.9 52.7 43.8 37.9 to 49.7
2.0 72.7 19.5 16.2 11.6 to 20.8
4.0 60.5 7.3 6.1 -2.5 to 14.7

2.0 0(1) 57.1
0(F) 181.2 124.1 100.0
0.25 166.8 109.7 88.4 76.8 to 100.0
0.5 151.8 94.7 76.3 69.5 to 83.1
1.0 116.2 59.1 47.6 38.7 to 56.5 ■
2.0 ' 81.9 24.8 20.0 13.3 to 26.7
4.0 78.1 21.0 16.9 8.3 to 25.5

4.0 0(1) 44.8
0(F) 169.5 124.7 100.0
0.25 157.4 112.6 90.3 83.6 to 97.0
0.5 154.7 109.9 88.1 78.7 to 97.5
1.0 114.9 70.1 56.2 48.3 to 64.1
2.0 75.5 30.7 24.6 18.1 to 31.1
4.0 59.4"' 14.6 11.7 4.8 to 18.6
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Graph 26. The effect of seed depth on phytotoxicity
following soil surface treatment. Blackgrass - three.
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Table 39. The effect of seed depth on plant growth. 
Blackgrass - three. '

SEED DEPTHS 
(cm)

DIFFERENCE
(mg)

VALUE OF 
t

LEVEL OF 
SIGNIFICANCE

0.5 and 2.0 (I) 3.9 0.46 0.7

0.5 and 4.0 (I) 8.4 1.03 0.4

2.0 and 4.0 (I) 12.3 1.41 0.2

0.5 and 2.0 (F) 7.6 0.57 0.6

0.5 and 4.0 (P) 4.1 0.41 0.7

2.0 and 4.0 (P) 11.7 0.72 0.5
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Table 40. The effect of seed depth on phytotoxicity
following soil surface treatment. Turnip - one.

TREATMENT WEIGHT
PER

•PLANT
(mg)

INCREASE IN
WEIGHT PER 

PLANT

95#
CONFIDENCE

LIMITS
SEED
DEPTH
(mg)

CYAN
AZINE

(kg.ha“ )̂ (mg) (̂ )

0.5 0(1) 510.3
0(F) 985.0 474.7 100.0
0.25 1030.6 520.3 109.6 102.8 to 116.4
0.5 941.3 431.0 90.8 82.2 to 99.4
1.0 638.2 128.2 27.0 14.9 to 39.1
2.0 491.8 -18.5 -3.9 -10.8 to 3.0
4.0 454.8 -55.5 -11.7 -21.2 to 2.2

2.0 0(1) 468. 2
0(F) 1021.5 553.3 100.0
0.25 1003.8 535.6 96.8 90.5 to 103.1
0.5 1027.0 558.8 101.0 91.6 to 110.4
1.0 712.8 244.6 44.2 35,3 to 53.1
2.0 557.3 89.1 16.1 4.3 to 27.9
4.0 448.8 -19.4 -3.5 -9.9 to 2.9

4.0 0(1) 286.7
0(F) 811.6 524.9 100.0
0.25 814.7 528.0 100.6 94.4 to 106.8
0.5 784.8 498.1 94.9 89,0 to 100.8
1.0 682.5 395.8 75.4 68.5 to 82.3
2.0 521.9 235.2 44,8 37.0 to 52.6
4.0 480.9 194.2 37,0 27.9 to 46.1
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Graph 27. The effect of seed depth on phytotoxicity
following soil surface treatment. Turnip - one.
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Table 41. The effect of seed depth on plant growth. 
Turnip - one. ^

SEED DEPTHS 
(cm)

DI??ERENGE
(mg)

VALUE 0? 
t

LEVEL 0? 
SIGNIEICANCE

0.5 and 2.0 (I) 42.1 1.93 0.1

0.5 and 4.0 (I) 223.6 5.62 <0.001

2.0 and 4.0 (I) 181.5 4.16 <0.001

0.5 and 2.0 (?) 36.5 0.93 0.4

0.5 and 4.0 (?) 173.4 3.86 0.01

2.0 and 4.0 (?) 209.9 6.79 <0.001
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Table 42. The effect of seed depth on phytotoxicity
following soil surface treatment. Turnin - two.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95fo
CORPIDSNCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha*"^) (mg) (y°)

0.5 0(1) 433.0
0(F) 1061.4 628.4 100.0
0.25 1038.1 605.1 96.3 87.7 to 104.9
0.5 878.5 445.5 70.9 61.7 to 80.1
1.0 598.9 165.9 26.4 17.1 to 35.7
2.0 455.0 22.0 3.5 -7.1 to 14.1
4.0 295.4 -137.6 -21.9 -28.7 to -15.1

2.0 0(1) 396.2
0(F) 1123.5 727.3 100.0
0.25 1131.5 735.3 101.1 89.5 to 112.7
0.5 999.1 602.9 82.9 72.6 to 93.2
1.0 642.0 245.8 33.8 27.3 to 40.3
2.0 517.7 121.5 16.7 8.1 to 25.3
4.0 358.4 -37.8 -5.2 -12.1 to 1.7

4.0 0(1) 253.7
0(F) 925.3 671.6 100.0
0.25 873.7 619.9 92.3 82.5 to 102.1
-0.5 889.7 636.0 94.7 86.3 to 103.1
1.0 686.9 433.2 64.5 55.9 to 73.1
2.0 550.5 296.8 44.2 33.6 to 54.8
4.0 512.9 259.2 38.6 26.9 to 50.3
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Graph 28. The effect of seed depth on phytotoxicity
following soil surface treatment. Turnip - tv;o.
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Table 43. The effect of seed depth on plant growth. 
Turnip - tv;o. ^

SEED DEPTHS 
(cm)

DIEEERENCE
(mg)

VALUE OE 
t

LEVEL OE 
SIGNIEICANCE

0.5 and 2.0 (I) 36.8 2.26 0.05

0.5 and 4.0 (I) 179.3 3.91 0.01

2.0 and 4.0 (I) 142.5 3.40 0.01

0.5 and 2.0 (E) • 62.1 2.08 0.1

0.5 and 4.0 (E) 136.1 7.86 < 0.001

2.0 and 4.0 (E) 198.2 9.38 < 0.001
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Table 44. The effect of seed depth^ on phytotoxicity
following soil surface treatment. Turnip - three.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95%
CONFIDENCE

LIMITS
SEED
DEPTH
(cm)

CYAN
AZINE

(kg.ha“ )̂ (mg) (fi)

0.5 0(1) 472.8
0(E) 1011.1 538.3 100.0
0.25 993.9 521.1 96.8 87.4 to 106.2
0.5 1008.4 535.6 99.5 87.9 to 111.1
1.0 696.7 223.9 41.6 34.9 to 48.3
2.0 495.4 22.6 4.2 -5.5 to 13.9
4.0 430.9 -41.9 -7.8 -16.1 to 0.5

2.0 0(1) 423.6
0(E) 1263.8 840.2 100.0
0.25 1278.9 855.3 101.8 92.4 to 111.2
0.5 1210.0 786.4 93.6 88.3 to 98.9
1.0 872.3 448.7 53.4 45.5 to 61.3
2.0 714.3 290.7 34.6 26.3 to 42.9
4.0 474.9 51.3 6.1 0.2 to 12.0

4.0 0(1) 293.6
0(E) 967.0 673.4 100.0
0.25 954.9 661. 3 98.2 90.8 to 105.6
0.5 936.7 643.1 95.5 88.9 to 102.1
1.0 785.2 491.6 73.0 64.1 to 81.9
2.0 657.2 363.6 54.0 43.6 to 64.4
4.0 560.9 267.3 39.7 28.0 to 51.4
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Graph 29. The effect of seed depth on nhytotoxicity
following soil surface treatment. Turnin - three.
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Table 45. The effect of seed depth on plant growth. 
Turnip - three. '

SEED DEPTHS 
(cm)

DI??ERENCE
(mg)

VALUE 0? 
t

LEVEL 0? 
SIGNIEICANCE

0.5 and 2.0 (I) 49.2 2.28 0.05

0.5 and 4.0 (I) 179.2 4.26 <0.001

2.0 and 4.0 (I) 130.0 3.81 0.01

0.5 and 2.0 (?) 252.7 3.63 0.01

0.5 and 4.0 (?) 44.1 2.85 0.02

2.0 and 4.0 (?) 296.8 8.86 <0.001
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3.4. THE EFFECT OF SOIL WATER CONTENT ON PHYTOTOXICITY 
FOLLOWING SOIL SURFACE TREATMENT

In this experiment the importance of soil water 
content, as a determinant^ of the toxicity of soil- 
applied cyanazine, was investigated. In this experiment 
the plants were grovm in plastic tumblers (see section 
2.3.2.).

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at a 
moisture content of 70^, 859̂  or lOOfo pot capacity. 
Radikill treatments were applied by pipette at the 
standard growth stages. For each moisture content five 
pots were treated for each of the following rates of 
Radikill (expressed as kg.ha”^):

Wheat; 0.5 1.0 2.0 4.0 8.0
Blackgrass: 0.125 0.25 0.5 1.0 2.0
Turnip : 0.25 0.5 1.0 2.0 4.0

The plants from ten pots for each moisture content 
were harvested as initial controls. A further ten pots 
for each moisture content were reserved to provide 
final controls. The plants from the final control nots, 
and from the treated pots, were harvested between eight 
and ten days after treatment.
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This experiment was repeated three times for each 
species. The results are presented in Tables 46 to 63, 
and in Graphs 30 to 38,
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Table 46. The effect of soil water content on
phytotoxicity following soil surface treatment,
V/heat - one.

TREATMENT WEIGHT 
PER \ 

PLANT 
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95'/»
CONFIDENCE

LIMITS
WATER 

CONTENT 
p.c.)

CYAN
AZINE

(kg.ha"^) (mg) (/»)

TO 0(1) 280,8
0(E) 596.1 315.3 100.0
0.5 575.7 294.9 93.5 87.? to 99.5
1.0 528.9 248.1 78.7 73.2 to 84.2
2.0 491.9 211.1 66.9 62.5 to 71.2
4.0 482.8 202.0 64.1 59.9 to 68,3
8.0 466.2 185.4 58.8 52.3 to 65.3

85 0(1) 310.5
0(E) 623.6 313.1 100.0
0.5 626.6 316.1 100.9 95.8 to 106.0
1.0 538.3 227.8 72.8 66.6 to 79.0
2,0 341.5 31.0 9.9 4.9 to 14.9
4.0 286.2 -24.3 -7.8 “15.4 to —0.2
8,0 262.3 -48.2 -15.4 -24.6 to -6.2

100 0(1) 246.1
0(E) 474.3 228.2 100.0
0.5 435.6 189.5 83.0 79.1 to 86.9
1.0 402.8 156.7 68.7 63.5 to 73.9
2.0 345.2 99.1 43.4 31.4 to 55.4
4.0 313.9 67.8 29.7 20.0 to 39.4
8,0 283,1 37.0 16,2 8.3 to 24.1
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Graph 30, The effect of soil water content on
phytotoxicity following soil surface treatment.
Wheat -« one.
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Table 47. The effect of soil water content on niant 
growth. Wheat - one. ^

WATER CONTENT 
(9̂ p.c.)

DI?EERENCE
(mg)

VALUE 0? 
t

LEVEL 0? 
SIGNIEICANCE

70 and 85 (D 29.7 0.87 0.4

70 and 100 (I) 34.7 1.31 0.3

85 and 100 (I) 64. 4 1.51 0.2

70 and 85 (?) 27.5 3.44 0.01

70 and 100 (?) 121.8 33.10 <0.001

85 and 100 (?) 149.3 42.77 <0.001
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Table 48. The effect of soil water content on
phytotoxicity following soil surface treatment.
Wheat « tv/o.

TREATMENT WEIGHT\
PER
PLANT
(mg)

INCREASE IN 95# 1
WATER 

CONTENT 
(% p.c.)

CYAN
AZINE 

(kg.ha“ )̂

WEIGH/
PLi

C PER 
\NT

CONFIDENCE
LIMITS

(mg) (̂ )

70 0(1) 326.5
o(?) 603.5 277.0 100.0
0.5 594.4 267.9 96.7 ' 88.4 to 105.0
1.0 604.1 277.6 100. 2 92.3 to 128.1
2.0 561.4 234.9 84.8 80.8 to 88.8
4.0 524.0 197.5 71.3 55.7 to 76.9
8.0 500.7 174.2 62.9 54.0 to 71.8

85 0(1) 385.0
0(F) 642.3 257.3 100.0
0.5 653.4 268.4 104.3 96.3 to 112.3
1.0 660.1 275.1 i06.9 98.4 to 115.4
2.0 468.4 83.4 32.4 20.6 to 44.2
4.0 390.4 5.4 2.1 -7.2 to 11.4
8.0 371.6 -13.4 -5.2 -17.0 to 6.6

100 0(1) 274.2
0(F) 452.8 178.6 100.0
0.5 437.3 163.1 91.3 87.2 to 95.4
1.0 420.7 146.5 82.0 72.4 to 91.6
2.0 371.1 96.9 54.3 44.6 to 64.0
4.0 336.4 62.2 34.8 27.1 to 42.5
8.0 297.6 23.4 13.1 7.5 to 18.7
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Graph 31. The effect of soil water content on
phytotoxicity following soil surface treatment.
Whoat - two.
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Table 49. The effect of soil water content on niant 
growth. Wheat - two. ^

WATER CONTENT 
{1° n.c.)

DIFFERENCE
(mg)

VALUE OF 
t

LEVEL OF 
SIGNIFICANCE

70 and 85 (I) 58.5 1.36 0.2

70 and 100 (I) 52.3 1.48 0.2

85 and 100 (I) 110.8 2.19 0.5

70 and 85 (E) 38.8 2.72 0.02

70 and 100 (?) 50.7 19.31 0.001

85 and 100 (P) 189.5 22.06 0.001
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Table 50. The effect of soil water content on
phytotoxicity following soil surface treatment.
Wheat - three.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

959̂0
CONFIDENCE

LIMITS
WATER 

CONTENT 
(% p.c. )

CYAN-
AZINE

(kg.ha“ )̂ (mg) (9&)

70 0(1) 246.8
0(F) 398.2 151.4 100.0
0.5 395.5 148.7 98.2 90.9 to 105.5
1.0 387.4 140.6 92.9 84.3 to 101.5
2.0 356.3 109.5 72.3 68.0 to 76.6
4.0 341.3 94.5 62.4 55.4 to 69.4
8.0 160. 4 86.4 57.1 51.2 to 63.0

85 0(1) 316.5
0(F) 472.3 155.8 100,0
0.5 460.0 143.5 92.1 82.6 to 101.6
1.0 438.5 122.0 78.3 70.5 to 86.1
2.0 319.5 3.0 1.9 -7.8 to 11.6
4.0 286.1 -30.4 -19.5 -31.3 to -7.7
8.0 281.0 -35.5 -22.8

!
—30.6 to —15.0

100 0(1) 228.3
1

0(F) 358.4 130.1 100.0
0.5 360.2 131.9 101.4 90.4 to 112.4
1.0 337.8 109.5 84.2 86.2 to 82.2
2.0 275.5 47.2 36.3 29.7 to 42.9
4.0 256.8 28.5 21.9 15.0 to 28.8
8.0 241.0 12.7 9.8 3.6 to 16.0
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Graph 32. The effect of soil water content on
phytotoxicity following soil surface treatment.
Khoat - throe.
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Table 51. The effect of soil water content on niant 
growth. Wheat - three, ^

WATER CONTENT 
(# p.c.)

DIFFERENCE
(mg)

VALUE OF 
t

LEVEL OF 
SIGNIFICANCE

70 and 85 ( D 69.7 1.96 0.1

70 and 100 (I) 18.5 0.88 0.4

85 and 100 (I) 88.2 2.65 0.02

70 and 85 (P) 74.1 3.42 0.01

70 and 100 (P) 111.6 1.68 0.2

85 and 100 (P) 113.9 4.09 0.001
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Table 52. The effect of soil water content on
phytotoxicity following soil surface treatment.
Blaok^rane - ono.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95#
CONFIDENCE

LIMITS
WATER

CONTENT
p.c.)

CYAN
AZINE

(kg,ha~^) (mg) (#)

70 0(1) 35.2
0(F) 114.7 79.5 100.0
0.125 109.1 73.9 92.9 76.8 to 109.0
0.25 111.6 76.4 96.1 85.3 to 106.9
0.5 101.3 66.1 83.1 70.8 to 95.4
1.0 71.8 36.6 46.0 32.9 to 59.1
2.0 61.0 25.8 32.5 25.8 to 39.2

85 0(1) 37.1
0(F) 149,., 4 112.3 100.0
0.125 130.5 93.4 83.2 76.2 to 90.2
0.25 122.3 85.2 75.9 64.7 to 87.1
0.5 69.4 32.3 28.8 20.5 to 37.1
1.0 31.3 -5.8 -5.2 -10.7 to 0.3
2.0 26.5 -10.6 -9.4 -19.7 to 0.9

100 0(1) 39.1
0(F) 138.4 99.3 100.0
0.125 127. 2 88.1 88.7 81.3 to 96.1
0.25 109.2 70.1 70.6 60.9 to 80.3
0.5 61.9 22.8 23.0 13.1 to 32.9
1.0 36.6 -2.5 -2.5 -10.4 to 5.4
2.0 20.0" -19.1 -19.2 -24.7 to -13.7
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Graph 33. The effect of soil water content on
phy to toxicity following soil siirface treatment.
Blackgrass - one*
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Table 53. The effect of soil water content on niant 
growth. Blackgrass - one\

WATER CONTENT 
p.c.)

DIPPERENCE
(mg)

VALUE OP 
t

LEVEL OP
signipicance

70 and 85 (D 1.9 0.44 0.7

70 and 100 (I) 3.9 0.94 0.4

85 and 100 (I) 2.0 0.94 0.4

70 and 85 (E) 34.7 1.83 0.1

70 and 100 (P) 23.7 4.02 0.001

85 and 100 (P) 11.0 0.57 0.6
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Table 54. The effect of soil water content on
nhytotoxicity following soil surface treatment.
Blackyrass - two.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITS
WATER

CONTENT
p.c.)

CYAN
AZINE

(kg.ha~^) (mg) (̂;=)

70 0(1) 48.3
0(P) 120.8 72.5 100.0
0.125 119.5 71.2 98.2 89.6 to 106.8
0.25 121.4 73.1 100.8 94.8 to 106.8
0.5 112.3 64.0 88.3 83.3 to 93.3
1.0 82.5 34.2 47.2 35.8 to 58.6
2.0 59.1 10.8 14.9 7.3 to 22.5

85 0(1) 51.8
0(E) 139.6 87.8 100.0
0.125 134.6 82.8 94.3 88.2 to 100.4
0.25 120.0 68.2 77.7 70.3 to 85.1
0.5 63.0 11.2 12.8 2.5 to 23.1
1.0 36.4 -15.4. -17.5 — 26.2 to —8,8
2.0 39.5 -12.3 -14.0 -23.8 to -4.2

100 0(1) 56.0
0(F) 148.3 92.3 100.0
0.125 150.1 94.1 101.9 94.6 to 109.2
0.25 132.0 76.0 82.3 73.8 to 90.8
0.5 77.7 21.7 23.5 14.9 to 32.1
1.0 47.7 -8.3 -9.0 —15.0 to — 3.0
2.0 34.6 -21.4 -23.2 -33.1 to -13.3
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Graph 34. The effect of soil water content on
phytotoxicity following soil surface treatment.
Blackgrass - two.
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Table 55. The effect of soil water content on plant 
growth. Blackgrass - twd.

WATER CONTENT 
(# p.c.)

DI??ERENCE
(mg)

VALUE 0? 
t

LEVEL OP 
SIGNIFICANCE

70 and 85 (I) 3.5 0.69 0.5

70 and 100 (I) 7.7 1.52 0.2

85 and 100 (I) 4.2 1.38 0.2

70 and 85 (E) 18.8 3.01 0.01

70 and 100 (?) 27.5 3.42 0.01

85 and 100 (?) 8.7 3.11 0.01
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Table 56, The effect of soil water content on
phytotoxicity following soil surface treatment.
Blackgrass - three.

TREATMENT WEIGHT 
PER ̂ 
PLANT 
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

955̂  ! 
CONFIDENCE 

IIMITS
WATER 

CONTENT 
(# p.c.)

CYAN
AZINE

(kg,ha~^) (mg) (#)

70 0(1) 37.4
0(F) 128.6 91.2 100.0
0.125 126.8 89.4 98.0 58.2 -to 107.8
0.25 115.1 77.7 85.2 79.3 to 91.1
0.5 90.8 53.4 58.6 49.3 to 67.9
1.0 76.0 38.6 42.3 35.1 to 48.5
2.0 72.0 34.6 37.9 32.6 to 43.2

85 0(1) 58.3
0(F) 163.2 104.9 100.0
0.125 157.0 98.7 94.1 86.2 to 102.0
0.25 114.7 56.4 53.8 43.7 to 63.9
0.5 75.4 17.1 16.3 7.8 to 24.8
1.0 49.3 -9.0 -8.6 -22.6 to 5.4
2.0 40.3 -18.0 -17.2 — 27.3 to —7.1

100 0(1) 49.3
0(F) 152.7 103.4 100.0
0.125 130.7 81.4 78.7 70.3 to 87.1
0.25 96.0 46.7 45.2 38.5 to 51.9
0.5 59.4 10.1 9.8 0.6 to 19.0
1.0 44.4 -4.9 -4.7 -15.1 to 5.7
2.0 36.6 -12.7 -12.3 —21.3 to — 3.3
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Graph 35. The effect of soil water content on
phytotoxicity following soil surface treatment.
Blackgrass - three.
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Table 57. The effect of soil water content on plant 
growth. Blackgrass - thrbe.

WATER CONTENT 
{1° p.c.)

DIFFERENCE
(mg)

VALUE OF 
t

LEVEL OF 
SIGNIFICANCE

70 and 85 ( D 20.9 2.95 0.01

70 and 100 (I) 11.9 4.02 0.001

85 and 100 (I) 9.0 2.79 0.02

70 and 85 (?) 34.6 4.63 0.001

70 and 100 (?) 24.1 8.21 0.001

85 and 100 (?) 10.5 3.8^ 0.01
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Table 58. The effect of soil water content on
phytotoxicity following soil surface treatment.
Turnip - on©.

TREATMENT WEIGHT
PER

PLANT
(mg)

INCREASE IN 
WEIGHT PER

PLANT

9554
CONFIDENCE

LIMITS
WATER

CONTENT
p.c.)

CYAN
AZINE

(kg.ha"^) (mg) (9̂)

70 0(1) 395.1
o(?) 1054.4 659.3 100.0
0.25 1062.9 667.8 101.3 92.1 to 110.5
0.5 1118.4 723.3 109.7 97.6 to 121.8
1.0 1037.2 642.1 97.4 ’ 86.3 to 108.5
2.0 794.6 399.5 60.6 53.0 to 68.2
4.0 697.7 3Ô2.6 45.9 36.5 to 55.3

85 0(E) 550.8
0(E) 1471.2 920.4 100.0
0.25 1452.8 902.0 98.0 85.3 to 109.7
0.5 1499.7 948.9 103.1 97.5 to 108.7
1.0 1387.4 836.6 90.9 80.9 to 100.9
2.0 760.7 209.9 22.8 14.2 to 31.4
4.0 616.1 65.3 7.1 -2.8 to 17.0

100 0(1) 659.3
0(E) 1681.2 1021.9 100.0
0.25 1723.1 1063.8 104.1 94.0 to 114.2
0.5 1757.8 1098.5 107.5 96.3 to 118.7
1.0 1415.5 756.2 74.0 63.7 to 84.3
2.0 525.5 -133.8 -13.1 -28,4 to 2.2
4.0 405.8 -208.5 -20.4 -39.3 to -1.5
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Graph 36. The effect of soil water content on
phytotoxicity following soil surface treatment.
Turnip - one.
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Table 59. The effect of soil water content on niant
growth. Turnip - one. ^

WATER CONTENT 
p.c.)

DIFFERENCE
(mg)

VALUE OF 
t

LEVEL OF 
SIGNIFICANCE

70 and 85 ( D 155.7 5.78 0.001

70 and 100 (I) 264.2 7.9^ 0.001

85 and 100 (I) 108.5 3.52 0.01

70 and 85 (F) 416.8 6.82 0.001

70 and 100 (P) 626.4 9.31 0.001

85 and 100 (?) 210.0 7.02 0.001
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Table 60. The effect of soil water content on
phytotoxicity following soil surface treatment.
Turnip - tv/o.

TREATMENT WEIGHTy IirCREASE IN 95?»
WATER CYAN PER '«SIGHT PER CONFIDENCE

CONTENT AZINE PLANT PLANT IIMITS
p.c.) (kg.ha“^) (mg) (mg) (f«)

70 0(1) 336.2
0(F) 975.3 639.1 100.0
0.25 996.4 650.2 103.3 91.3 to 115.3
0.5 984.2 648.0 101.4 96.2 to 106.6
1.0 846.2 510.0 79.8 72.9 to 86.7
2.0 639.8 303.6 47.5 43.0 to 52.0
4.0 566. 3 230.1 36.0 29.5 to 42.5

85 0(1) 398.1
0(F) 1106.8 708.7 100.0
0.25 1108.9 710.8 100.3 89.6 to 111.0
0.5 1133.7 735.6 103.8 96.3 to 111.3
1.0 888.5 490.4 69.2 58.2 to 80.2
2.0 511.5 113.4 16.0 9.9 to 22.1
4.0 444.9 46.8 6.6 -0.6 to 13.8

100 0(1) 523.6
0(F) 1335.0 812.4 100.0
0.25 1305.1 781.5 96.2 88.1 to 104.3
0.5 1270,2 746.6 91.9 80.4 to 103.4
1.0 871.3 347.7 42.8 33.3 to 52.3
2.0 423.7 -99.9 -12.3 -26.5 to 1.9
4.0 332.7 -190.9 -23.5 -33.8 to -13.2



137

Graph 37. The effect of soil water content on
phytotoxicity following soil surface treatment.
Turnip - tv/o,
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Table 61. The effect of soil water content on plant
growth. Turnip - two. ^

WATER CONTENT 
p.c.)

DIFFERENCE
(mg)

VALUE OF 
t

LEVEL OF 
SIGNIFICANCE

70 and 85 (D 61.9 1.53 0.2

70 and 100 (I) 187.4 2.89 0.01

85 and 100 (I) 125.5 2.71 0.02

70 and 85 (F) 131.5 3.20 0.01

70 and 100 (E) 360.7 5.66 0.001

85 and 100 (E) 229.2 4.33 0.001
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Table 62. The effect of soil water content on
phytotoxicity following soil surface treatment.
Turnip - threo.

TREATMENT WEIGHT INCREASE IK 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITS
WATER 

CONTENT 
p.c.)

CYAN
AZINE

(kg.ha“ )̂

PER
PLANT
(mg) (mg) (̂ o)

70 0(1) 486.3
0(F) 1211.8 725.5 100.0
0.25 1163.2 676.9 93.3 84.3 to 102.3
0.5 1145.8 659.5 90.9 84.1 to 97.7
1.0 1010.1 523.8 72.2 63.8 to 80.6
2.0 878.8 392.5 54.1 48.0 to 60.2
4.0 801.9 315.6 43.5 35.3 to 51.7

85 0(1) 610.9
0(F) 1363.6 752.9 100.0
0.25 1377.4 766.5 101.8 92.1 to 111.5
0.5 1406.7 795.8 105.7 97.7 to 113.7
1.0 1268.9 658.0 87.4 79.0 to 95.8
2.0 833.0 222.1 29.5 19.3 to 39.7
4.0 642.5 31.6 4.2 -5.6 to 14.0

100 0(1) 691.0
0(F) 1503.4 812.4 100.0
0.25 1474.2 783.2 96.4 86.4 to 106.4
0.5 1351.5 660, 5 81.3 73.8 to 88.8
1.0 1072.8 381.8 47.0 37.2 to 56.8
2.0 746.2 55.2 6.8 -1.2 to 14.8
4.0 548.8 -142.2 -17.5 —28.7 to —6.3



140

Graph 38. The effect of soil water content on
phytotoxicity following soil surface treatment,
Turnip - three.
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Table 63. The effect of soil water content on plant
growth. Turnip - three. ^

WATER CONTENT 
p.c.)

DIFFERENCE
(mg)

VALUE OP 
t

LEVEL 0? 
SIGNIFICANCE

70 and 85 (D 124.6 2.89 0.01

70 and 100 (I) 214.7 3.56 0.01

85 and 100 (I) 80.1 2.20 0.05

70 and 85 (?) 151.8 3.08 0.01

70 and 100 (?) 292.6 6.22 0.001

85 and 100 (?) 139.8 4.81 0.001



142

3.5. THE EFFECT ON PHYTOTOXICITY OF REGULAR REV/ETTING 
OF FOLIAR SPRAY DEPOSITS

The effect of regular rewetting of foliar spray 
deposits on the phytotoxicity of cyanazine to wheat 
seedlings was determined in this experiment. Time did 
not allow for the extension of the experiment to cover 
blackgrass and turnip, and only two repeats of the 
experiment were possible with wheat. •

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at a 
moisture content of 75^. Radikill treatments were 
applied at the standard growth stages, by means of the 
turntable sprayer. Ten pots were treated with each of 
the following rates of Radikill (expressed as kg.ha"^):

2.0 4.0 8.0 16.0 32.0 
On the same day, the plants from ten pots were harvested 
as initial controls, and a further twenty pots reserved 
to provide final controls.

Following each normal daily watering after treatment, 
the foliage of the plants in five pots for each Radikill 
treatment, and in ten of the final control pots was 
rewetted with distilled water by spraying almost to 
run-off with a Shandon laboratory spray gun held 35cm
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from the pot. Great care was taken not to cause run-off 
from the foliage, and consequent movement of cyanazine 
from the foliage to tho noil in whioh the plants woro 
growing.

The plants from the final control pots, and from 
the treated pots, were harvested bet'/zeen eight and ten 
days after treatment. The results obtained are presented 
in Tables 64 and 65, and in Graphs 39 and 40.
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Table 64. The effect on phytotoxicity of regular
rewetting of foliar spray deposits Wheat - one.

TREATMENT ’V EIGHT INCREASE IN 959̂
FOLIAR CYAN PER WEIGHT PER CONFIDENCE
DEPOSITS AZINE :'LANT\ PLANT LIMITS

(kg.ha“^) (mg) (mg) (9̂ )

0(1) 270.1

NOT 0(F) 514.9 244.8 100.0
REWETTED 2.0 521.2 251.1 102.6 94.7 to 110.5

4.0 524.7 254.6 104.0 95.8 to 112.2
8.0 462.3 192.2 78.5 71.7 to 85.3

16.0 401.1 131.0 53.5 48.1 to 58.9
32.0 378.3 108.2 44.2 37.1 to 51.3

REWETTED 0(F) 486.3 216.2 100.0
2.0 487.8 217.7 100.7 90.7 to 110.7
4.0 483.3 213.2 98.6 91.0 to 106.2
8.0 404.4 134.3 62.1 57.0 to 67.2

16.0 340.1 70.0 32.4 24.0 to 40.8
32.0 320.5 50.4 23.3 13.6 to 33.0

Comparison of the i?;70 groups of final controls yielded 
a value of 0.54 for t. This is significant only at the 
0.6 level.
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Graph 39. The effect on phytotoxicity of regular
rewetting of foliar spray deposits. Wheat - one.
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Table 65. The effect on phytotoxicity of regular
rewetting of foliar spray deposits. Wheat - two.

TREATMENT WEIGHT
PER

PLAND
(mg)

INCREASE IN 
WEIGHT PER 

PLANT

95^
CONFIDENCE

LIMITS
FOLIAR
DEPOSITS

CYAN
AZINE

(kg.ha“ )̂ (mg) (9̂ )

0(1) 243-6

N031 0(F) 599.4 355.8 100.0
REWETTED 2.0 585.5 341.9 96.1 88.0 to 104.2

4.0 603.7 360.1 101.2 94.3 to 108.1
8.0 537.5 293.9 82.6 75.8 to 89.4

16.0 434.0 190.4 53.5 49.1 to 57.9
32.0 356.0 112.4 31.6 26.7 to 36.^

REWETTED 0(F) 610.3 366.7 100.0
2.0 616.9 373.3 101.8' 93.0 to 110.6
4.0 581.0 337.4 92.0 86.9 to 97.1
8.0 449.3 205.7 56.1 48.2 to 64.0

16.0 342.2 98.6 26.9 17.3 to 36.5
32.0 269.3 25.7 7.0 -0.2 to 14.2

Comparison of the two groups of final controls yielded 
a value of 0.39 for t. This is significant only at the
0.7 level.
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Graph 40. The effect on phytotoxicity of regular
rewetting of foliar spray deposits. Wheat - two.
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1.6. THE EFFECT OF STAGE OF GROWTH ON PHYTOTOXICITY 
FOLLOWING ROOT EXPOSURE.

The phytotoxicity of soil surface treatments of 
cyanazine v/as related, in' this experiment, to the stage 
of growth of the plants at treatment. This experiment 
v/as carried out once only for each of the test species.

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at a 
moisture content of 75^. Radikill treatments were 
applied by pipette at the following stages of growth:

1. Two days after planting of wheat and turnip ; three 
days after planting of blackgrass.

2. Immediately following emergence of all three species.
3. First leaf stage of wheat and blackgrass; cotyledon 

stage of turnip.
4. Second leaf stage of wheat and blackgrass; first leaf 

stage of turnip.
5. Third leaf stage of wheat and blackgrass; second leaf 

stage of turnip.
6. Fourth leaf stage of wheat; tillering stage of black

grass; third leaf stage of turnip.
7. Five days after treatment six,
8. Ten days after treatment six.
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At each stage of growth, five pots were treated 
with each of the following rates of Radikill (expressed 
as

Wheat: 0.5 1.0 2.0 4.0 8.0 16.0 32.0
Blackgrass: 0.Ô625 0.125 0.25 0.5 1.0 2.0 4.0
Turnip : 0.125 0.25 0.5 1.0 2.0 4.0 8.0

For each stage of growth, the plants from ten pots 
were harvested on the day of treatment, as initial 
controls. A further ten pots were reserved to provide 
final controls. The plants from all treated pots, and 
all final control pots, were harvested between eight and 
ten days after the relavent treatment date.

The increase in mean fresh weight of treated plants, 
expressed as a percentage of that of the control was 
plotted against the application rate of Radikill, to 
yield graphs similar in form to those presented in 
sections 3.1 to 3.5. From these graphs the dose of 
Radikill neccessary to cause a 50^ reduction in the 
increase in fresh weight of treated plants (ED^^) was 
determined. The ED^^ obtained at each growth stage for 
the three test species is presented in Table 66. Graph 
41 shows these figures plotted against stage of growth 
at treatment.
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Table 66. The effect of stage of growth on phytotoxicity 
following root exposure.

STAGE OP GROWTH 
AT TREATMENT ^

EDcQ (expressed as kg.ha ^)

wheat BLACKGRASS TURNIP

1 12.30 0.20 0.33
2 8.73 0.18 0.21
3 1. 29 0.23 0.13
4’ 1.62 0.32 0.45
5 2.00 0.60 1.15
6 2.75 1.29 2.14
7 2.57 1.70 4.37
8 2.88 1.78 5.01

 ̂ see page 148 for full details.
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Graph 41. The effect of stage of growth on phytotoxicity
following -root exposure.
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3.7. THE EFFECT OP STAGE OF GROWTH ON PHYTOTOXICITY 
FOLLOWING FOLIAR TREATMENT

This experiment was basically the same as that 
reported in section 3.6.,' except that cyanazine v/as 
applied to the foliage of the plants rather than to the 
soil surface.

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at a 
moisture content of 75f°. Contamination of the soil 
surface was prevented by the application of a layer 
of vermicullite and Radikill treatments were applied, 
by means of the turntable sprayer, at the following 
stages of growth:

1. First leaf stage of wheat and blackgrass; cotyledon 
stage of turnip.

2. Second leaf stage of wheat and blackgrass; first leaf 
stage of turnip,

3. Third leaf stage of wheat and blackgrass; second leaf 
stage of turnip.

4. Fourth leaf stage of wheat; tillering stage of black
grass; third leaf stage of turnip.

5. Five days after treatment four.
6. Ten days after treatment four.
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At each stage of growth, five pots were treated 
with each of the following rates of Radikill (expressed
aR lcg,hâ~^)i

Wheat: 0.5 1.0 2.0 4.0 8.0 16.0 32.0
Blackgrass: 0.5

\
1.0 2.0 4.0 8.0 16.0 32.0

Turnip: 0.0156 0.0312 0.0625 0.125 0.25 0.5 1.0

In all other respects this experiment was identical 
with that reported in section 3.6.

The obtained at each growth stage for the three
test species is presented in Table 67. Graph 42 shows 
these figures plotted against stage of growth at treat-

I
ment.
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Table 67. The effect of stage of growth on phytotoxicity
following foliar treatment.

STAGS OF GROWTH 
AT TREATMENT ^

ED^q (expressed as k;g,ha“ ‘̂) •

• WHEAT BLACKGRASS TURNIP

1 33.90 32.00 0.026
2 13.80 32.00 0.038
3 7.08 32.00 0.026
4 4.47 24.00 0.041
5 3.46 13.50 0.065
6 2.88 8.70 0.162

* see page 152 for full details-
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Graph 42. The effect of stage of growth on phytotoxicity 
following foliar treatment.
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1.8. THE UPTAKE 0? CYAHAZIWE FOLLOY/DTG EXPOSURE 
OF THE SÜB-SURFACE SHOOT

In an earlier experiment (section 3.2.) the toxicity 
of cyanazine applied to t)ie sub-surface shoots of plants 
v/as compared with its toxicity v;hen applied to all 
subterranean plant parts. The relative importance of 
the sub-surface shoot as a site for cyanazine uptake was 
further examined, in this experiment, by measuring the 
amount of accumulated by plants growing in soil 
treated throughout, or in the surface layers only, with 
labelled cyanazine.

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at 75^ pot 
capacity. A 5g layer of charcoal was applied in one 
half of the pots. At the standard growth stages, 
cyanazine treatments were applied by pipette to five 
pots with and without charcoal. 10ml of cyanazine 
solution, containing 31.C^g cyanazine (equivalent to 
approximately 0.05kg.ha*"^; insufficient to cause 
phyto toxicity symptoms) with an activity of O.^Ci, 
was applied to each pot.

The aerial parts of one plant were removed from 
each treated pot 3, 7, 10, 14 and 21 days after
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treatment. The content of the plant parts was 
determined by the method described in section 2.6.
For ©aoh plant the total content of (accumod to bo 
in the form of cyanazine) and its concentration in 
the plant tissues was dei^ermined. The figures presented 
here (in Tables 68 to 73 and Graphs 43 to 54) are the 
means of the five replicates, expressed as total uptake 
(ng), and as tissue concentration (ng.g“^). The 
experiment v/as carried out twice for each plant species.
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Table 68. The uptake of cyanazine following exposure 
of the sub-surface shoot. Wheat - one.

TREATMENT DAY WEIGHT 
PER PLkNT

TOTAL
UPTAKE
(ng)

TISSUE
CONCENTRATION

(ng.g-l)

NO 3 306.8 56.3 182.8
CHARCOAL 7 502.3 ■ 85.7 175.3

10 604.1 281.1 459.2
14 722.0 610. 2 843.9
21 879,8 877.6 999.7

CHARCOAL 3 451.3 19.6 45.9
7 603.8 36.0 59.4
10 698.4 67.2 95.6
14 884.6 150.3 168.5
21 1019.5 532.8 524.3
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Graph 43. The uptake of cyanazine following exposure
of the sub-surface shoot. Wheat - one.
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Graph 44. The uptake of cyanazine following exposure
of the sub-surface shoot. Wheat - one.
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Table 69. The uptake of cyanazine following exposure 
of the sub-surface shoot. Wheat - two.

TREATMENT DAY WEIGHT 
PER PLÂNT

(mg)

TOTAL
UPTAKE
(ng)

TISSUE
CONCENTRATION

(ng.g“ )̂

NO 3 275.3 71.3 258.9
CHARCOAE 7 368.9 129.7 351.6

10 552.3 280.3 507.5
14 728.4 919.3 1262.1
21 853.6 1132.1 1326.3

CHARCOAL 3 382.6 23.8 62.2
7 500.3 53.8 107.5

10 621.8 74.5 119.8
14 875.2 202.8 231.7
21 998.0 543.6 544.7
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Gjraph 45. The uptake of cyanazine following exposure
of the sub-surface shoot. Wheat - two.
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Graph 46. The uptake of cyanazine following exposure
of the sub-surface shoot. Wheat - two.
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14,Table 70. The uptake of C cyanazine following exposure
of the sub-surface shoot. Blackgrass - one.

TREATMENT DAY WEIGHT 
PER PiANT

(mg)

TOTAL
UPTAKE

(ng)

TISSUE
CONCENTRATION

(ng.g"l)

NO 3 48.2 6.2 128.6
CHARCOAL 7 92.3 12.6 136.5

10 117.0 17.3 147.9
14 186.5 32.8 175.8
21 251.7 48.2 191.5

CHARCOAL 3 66.8 6. 5 97.3
7 111.0 9.6 86.5
10 132.8 13.1 98.6
14 ' 215.3 23.5 109.2
21 281.6 34.1 121.1
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Graph 47. The uptake of cyanazine following exposure
of the sub-surface shoot, Blackgrass - one.
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Graph 48, The uptake of cyanazine following exposure
of the suh-surface shoot. Blackgrass - one.
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Table 71. The uptake of cyanazine following exposure
of the sub-surface shoot. Blackgrass - tv;o.

TREATMENT DAY V/EIGHT 
PER PLANT

(mg)

TOTAL
UPTAKE

(ng)

TISSUE
CONCENTRATION

(ng.g-^)

NO 3 103.4 7.0 67.7
CHARCOAL 7 175.3 13.5 77.0

10 288.6 21.3 73.8
14 325.4 51.0 156.7
21 411.0 62.5 152.1

CHARCOAL 3 136.2 3.8 27.9
7 203.7 3.5 17.2
10 299.5 11.2 37.4
14 386.3 29.0 75.1
21 463.8 46.3 99.8
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Graph 49. The uptake of cyanazine following exposure
of the suh-surface shoot. Blac'kgrass - two.
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Graph 50. The uptake of cyanazine following exposure
of the sub-surface shoot. Blackgrass - "tr/fo.
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Table 72. The uptake of cyanazine following exposure
of the sub-surface shoot. Turnip - one.

TREATMENT LAY WEIGHT
PER PLANT

(mg)

TOTAL
UPTAKE
(ng)

TISSUE
CONCENTRATION

(ng.g“^)

NO 3 891.6 73.2 82.1
CHARCOAL 7 1426.3 120.3 84.3

10 1641.8 196.3 119.6
14 2011.0 318.2 158.2
21 2680.9 487.7 181.9

CHARCOAL 3 1185.3 65. 4 55.2
7 1836.1 89.8 48.9

10 2022.3 120.3 59.5
14 2261.8 167.5 74.1
21 2894.7 396.2 136.9
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14Graph 51. The uptake of C cyanazine following exposure
of the sub-surface shoot. Turnip - one.
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14Graph 52. The uptake of C cyanazine following exposure
of the sub-surface shoot. Turnip - one.
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Table 73. The uptake of cyanazine following exposure
of the sub-surface shoot. Turnip - tv/o.

TREATMENT DAY WEIGHT 
PER PLhNT

(mg)

TOTAL
UPTAKE

(ng)

TISSUE
CONCENTRATION

(ng.g“ )̂

NO 3 763.5 30.9 40.5
CHARCOAL 7 987.5 56.4 57.1

10 1722.0 157.1 91.2
14 2185.9 381.8 174.7
21 2949.5 578.2 196.0

CHARCOAL 3 810.5 19.9 24.5
7 1143.1 43.1 37.7
10 2172.3 109.1 50.2
14 2304.6 264.5 114.8
21 3204.4 561.8 175.3



174

G-raph 53. The uptake of cyanazine following exposure
of the suh-surface shoot. Turnip - tv/o.
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Graph 54. The uptake of cyanazine following exposure
of the sub-surface shoot. Turn in - tv/o.
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1.9. TRMSLOCATION AND METABOLISM OP CYANAZINE 
FOLLOWING UPTAKE PROM TREATED SOIL

The pattern of translocation and the extent and 
rate of metabolism of cyabazine following uptake from 
treated soil was determined in this experiment.

Pregerminated seeds were planted at a depth of 2cm 
in soil maintained throughout the experiment at 75f° pot 
capacity. At the standard growth stages, 10ml of ^^C 
cyanazine solution, containing 31.<^g cyanazine 
(equivalent to approximately 0.05kg.ha~^; insufficient 
to cause phytotoxicity symptoms) with an activity of
0.5yaCi, was applied to each of 12 pots for wheat and 
turnip, and to each of 24 pots for blackgrass.

The aerial parts of all plants in four pots 
containing wheat or turnip, or eight pots containing 
blackgrass, were removed after 3, 10 and 21 days. Each 
plant was divided into the sections listed below. The 
similar sections from the plants in One pot containing 
wheat or turnip, or from two pots containing blackgrass 
(blackgrass plants being very much smaller than wheat 
or turnip plants) were treated as one sample. Por each 
species, on each assay date, therefore, four samples for 
each section of plant were obtained.



177

The sections into which each plant was divided 
were as follows:

1. The first leaf of wheat and blackgrass, or the two 
cotyledon leaves of turnip.

V2. The second leaf of wheat and blackgrass, or the first 
true leaf of turnip.

3. The third leaf of wheat and blackgrass, or the second 
true leaf of turnip.

4. The fourth leaf of wheat and blackgrass, or the third 
true leaf of turnip.

5. The fifth leaf of wheat and blackgrass, or the fourth 
true leaf of turnip.

6. The remainder of the plant; any unexpended leaves and 
the stem (the petioles of turnip were considered to 
be part of the relavent leaf section, and not of the 
stem).

The content of each sample was determined by 
the method described in section 2.6. The mean 
content obtained for each section of plant, and the 
tissue concentration (assuming all to be in the form 
of cyanazine) this represents, is shown for the three 
species tested in Tables 74 to 76, and in Graphs 55 to 
57.
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The amount of actually in the form of 
cyanazine was determined for each sample by the chromat
ographic method describod in eoction 2.6. The reoulta 
are given in Table 77.
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14,Table 74. Translocation and metabolism of C cyanazine
following uptake from treated soil. l<Vheat.

DAYS
AFTER

TREATMENT

SECTION
OF

PLANT

PAEAN WEIGHT 
OF SAMPLE 

(mg)

PAEAN TOTAL 
UPTAKE 
(ng)

TISSUE
CONCENTRATION

(ng.g-^)

3 1 532.8 34.6. 64.9
2 377.3 30.7 81.4
3 250.9 26.8 106.8
6 111.9 12.2 109.0

Total 1272.9 104.3 81.9

10 1 616.4 150.3 243.8
2 718.6 230.6 320.9
3 321.3 158.5 493.3
4 234.6 120.2 512.4
6 135.3 77.5 572.8

Total 2026.2 737.1 363.8

21 1 580.3 358.1 617.1
2 831.2 507.3 610.3
3 1207.7 811.7 672.1
4 651.0 368.0 565.3
5 371.5 258.5 695.8
6 321.8 174.0 540.7

Total 3963.5 2477.6 625.1
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Graph 55. Translocation and metabolism of cyanazine
following uptake from treated soil. V/heat.
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Table 75. Translocation and metabolism of cyanazine
following uptake from treated soil. Blackgrass.

DAYS
AFTER

TREATMENT

SECTION
OF

PLANT*

MEAN WEIGHT 
OF SAIVIPLE 

(mg)

MEAN TOTAL 
UPTAKE 
(ng)

TISSUE
CONCENTRATION

(ng.g“ )̂

3 1 153.7 12.8 83.3
2 214.0 16.3 76.2
3 155.9 11.5 73.8 .

Total 523.6 40.6 77.5

10 1 147.3 19.1 129.7
2 201.5 60.4 299.8
3 397.8 73.2 184.0
4 264.1 48.7 184.4
5 85.6 16.8 196.3

Total 1096.3 218.2 199.0

- 21 Total 2418.8 512.1 211.7

^Section 6 v;as discarded because of the extreme smallness 
of the samples. After 21 days the plants had begun to 
tiller and division into the several sections was not 
possible.
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Graph 56. Translocation and metabolism of cyanazine
following uptake from treated soil. Blackgrass.
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Table 76. Translocation and metabolism of cyanazine
following uptake from treated soil. Turnip.

DAYS
AFTER

TREATMENT

SECTION
OP

PLANT

MEAN WEIGHT 
OP S4.MPLE 

(mg)

MEAN TOTAL 
UPTAKE 
(ng)

TISSUE
CONCENTRATION

(ng.g""̂ )

3 1 68.3 6.3 92.2
2 368.5 21.7 58.9
3 291.8 18.5 63.4
6 57.7 4.8 83.2

Total 786.3 51.3 65.2

10 1 75.0 7.2 96.0
2 586. 4 58.2 99.2
3 788.3 103.7 131.5
4 204.3 28.3 138.5
6 191.5 30.5 159.3

Total 1845.5 227.9 123.5

21 1 53.6 7.7 143.7
2 621.4 113.2 182.2
3 1031.5 193.3 187.4
4 640.1 134.8 210.6
5 108.3 30.3 279.8
6 228.2 51.6 226.1

Total 2683.1 530.9 197.9
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Graph 57. Translocation and metabolism of ^^0 cyanazine
following uptake from treated soil. Turnip.
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Table 77. Metabolism of cyanazine following uptake
from treated soil.

(SPECIES ,SECTION OP 
PLANT V

extent;OP METABOLISM (/o)
BAY 3 BAY 10 BAY 21

,WHEAT 1 23 39 66
2 25 43 68
3 19 32 52
4 22 55
5 50
6 11 25 54

Mean 21 32 58

'BIACEGRASS 1 32 78
2 36 78
3 35 67
4 61
5 62

Mean 34 69 88

,TURNIP 1 21 38 91
2 17 42 86
3 25 36 83
4 30 75
5 70
6 26 23 65

Mean 22 34 78
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3.10. THE UPTAKE OF CYANAZINE BY PLANTS IN WATER CULTURE

The quantity of cyanazine taken up by planta growing 
in water culture was measured, and related to any 
decrease in grov/th rate.  ̂The quantity of cyanazine 
required, per unit weight of plant tissue, to cause a 
50^ decrease in growth, was determined. The effect of 
cyanazine toxicity symptoms on water uptake, and hence 
on transpiration, was also investigated.

Tubes containing one plant and 38ml of half-strength 
Hoagland's solution were prepared and maintained as 
described in section 2.3.3. At the standard growth 
stages the liquid in 70 tubes was replaced by half- 
strength Hoagland's solution containing the required 
amount of cyanazine. Ten tubes were treated for each 
of the following treatment solutions (expressed as
/g.l-l):

Wheat; 31.25 62.5 125 250 500 1000 2000
Blackgrass and turnip: 3.9 7.8 15.63 31.25 62.5

125 250

All treatment solutions contained both labelled 
and unlabelled cyanazine. The three lowest concentrations 
contained 3.66^g.l"^ of cyanazine; the remainder
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contained 14.64^g.l ^ (equivalent to 130 and 520 d.p.m. 
respectively).

The plants from ten untreated tubes were harvested 
as initial controls and si further ten untreated tubes 
reserved to provide final controls. The fresh weight of 
the aerial parts of all control plants was recorded on 
harvesting.

After two days all plants were washed and transfered 
to clean tubes containing cyanazine-free nutrient 
solution. Samples of the discarded treatment solutions 
were retained, and their content of cyanazine 
compared with that of the fresh solutions, using the 
method described in section 2.6.1. Also at the end of 
the two-day treatment period, five plants were harvested 
for each cyanazine concentration. Each plant was divided 
into root and aerial sections, and the content of 
both sections determined.

After a further five days, all remaining plants 
were harvested. The fresh weight of the aerial parts of 
the final control plants, and the content of both 
aerial and root sections of the remaining treated plants, 
were measured.
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This experiment was carried out once for each 
species. Tables 78, 80 and 82, and Graphs 58, 61 and 64 
show the relationship between phytotoxicity and treatment 
solution concentration. The amount of cyanazine present 
in the plant tissue sampl'es, and the concentration this 
represents, is given in tables 79, 8l and 83. The total 
amount of cyanazine taken up by treated plants is 
compared, in Graphs 59, 62 and 65, with the expected 
total uptake (based upon the actual uptake from the 
lowest concentration). Finally, in Graphs 60, 63 and 66, 
foliar tissue concentration is related to the phytotoxicity 
of the relavent treatment solution.

Count rates of culture solution samnles

No significant differences were found between the 
count rates of the fresh treatment solutions and samples 
taken from tubes in which plants had grovm for two days. 
The concentration of cyanazine had not, therefore, 
changed during this period. This finding, coupled with 
the results presented in Graphs 59, 62 and 65, indicates 
that water uptake decreased with increasing concentration 
of cyanazine in the nutrient solution.
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Table 78. The phytotoxicity of cyanazine following uptake
from culture solution. Wheat.

SOLUTION
CONCENTRATION

(/ig.i-h

M E M  PLANT 
WEIGHT 
(mg) '

INCREASE IN 
PLANT WEIGHT

95fo
CONFIDENCE

LIMITS(mg) {%)

0(1) 348.4
0(P) 921.8 573.4 100.0

31.25 852.0 503.6 87.8 76.3 to 99.3
62.5 797.1 448.7 78.3 69.1 to 87.5

125.0 744.3 395.9 69.0 61.2 to 76.8
250.0 733.2 384.8 67.1 61.8 to 72.4
500.0 632.6 284.2 49.6 38.2 to 61.0

1000.0 496.6 148.2 25.8 16.5 to 35.1
2000.0 476.6 128.2 22.4 13.0 to 31.8

X
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Graph 58. Phytotoxicity following uptake of cyanazine
from culture solution. Wheat.
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Table 79
Wheat.

. The uptake of cyanazine from culture solution.

DAYS
AFTER
TREAT
MENT

SECTION
OF

PLANT

SOLUTION
CONCEN
TRATION

PLANT 
WEIGHT 
' (mg)

TOTAL
UPTAKE
(ng)

TISSUE
CONCEN
TRATION
(ng.g“^)

TOTAL
UPTAKE

TWO SHOOT 31.25 394.2 89.1 224.8 55.5
62.5 403.8 92.9 231.4 46.1

125.0 368.5 169.5 460.3 40.4
250.0 371.8 394.5 1060.6 48.2
500.0 .. 363.2 644.7 1775.3 45.4

1000.0 348.1 837.5 2406.6 42.5
2000.0 336.2 1213.7 3608.9 33.3

ROOT 31.25 319.6 57.5 180.1 45.5
62.5 326.3 88.1 270.8 53.9

125.0 360.0 244.8 678.8 59.6
250.0 362.2 412.9 1141.3 51.8
500.0 318.5 678.4 2135.9 54.6

1000.0 338.4 1103.2 3259.6 57.5
2000.0 408.4 2960.9 7252.0 66.7

SEVEN SHOOT 31.25 852.0 180.6 212.0 91.6
62.5 797.1 197.1 247.3 92.2

125.0 744.3 397.2 533.6 90.5
250.0 733.2 995.8 1358.1 94.5
500.0 632.6 1144.0 1808.4 89.2

1000.0 496.6 2061.9 4152.0 87.9
2000.0 476.6 3575.5 7502.0 74.5

ROOT 31.25 686.1 13.8 19.3 8.4
62.5 615.7 112.3 21.0 7.8

125.0 611.7 '30.6 56.2 9.5
250.0 512.0 41.0 78.3 5.5
500.0 474.1 104.3 218.0 10.8

1000.0 433.7 247.2 566.3 12.1
2000.0 320.1 822.7 2569.0 25.5
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Graph 59. Uptake of cyanazine from water culture 
(combined shoot and root uptake as measured seven days 
after treatment). Wheat.
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Graph 60. The phytotoxicity of cyanazine related to its 
concentration in aerial plant tissues, as measured two 
days after treatment. Wheat.
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Table 80. The phytotoxicity of cyanazine following uptake
from culture solution. Blackgrass.

SOLUTION
CONCENTRATION

'

MEAN PLANT 
WEIGHT 
(mg) ^

INCREASE IN 
PLANT WEIGHT
(mg) 1 ifo)

I 95# 
CONFIDENCE 

LIMITS

0(1) 138.7
0(F) 319,5 180.8 100.0.

3.9 297.4 158.7 87.8 77.6 to 98.0
7.8 307.9 169.2 93.6 87.2 to 100.0
15.63 292.0 153.3 84.8 75.9 to 93.7
31.25 273.8 135.1 74.7 59.0 to 90.4
62.5 218.3 79.6 44.0 37.8 to 50.2

125.0 172.9 34.2 18.9 13.0 to 24.8
250.0 160.4 21.7 12.0 3.7 to 20.3
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Graph 61. Phytotoxicity following uptake of cyanazine
from culture solution. Blackgrass.

Increase in 
fresh weight 

of control)
100 

90 

80 
70 

60 

50 

40 

30 

20 
10 
0 

-10 

-20 
-30 L

N

3.90 15.53 62.5 250.0
7.81 31.25 125.0
Cyanazine treatment 

(pg.1-1)



196

Table 8l, The uptake of cyanazine from culture solution.
Blackgrass.

BAYS
AFTER
TREAT
MENT

SECTION
OF

PLANT

SOLUTION 
CONCEN
TRATION -

PLANT 
WEIGHT 
 ̂(mg)

TOTAL
UPTAKE
(ng)

TISSUE
CONCEN
TRATION
(ng.g-^)

TOTAL
UPTAKE

TWO SHOOT 3.90 142.6 4.7 33.2 77.0
7.81 136.3 9.4 68.8 76.3

15.63 151.0 16.2 107.3 79.0
31.25 123.2 24.8 201.5 75.8
62.50 128.5 41.3 321.6 74.9

125.0 130.8 68.3 522.1 75.7
250.0 142.3 146.8 1031.7 76.6

ROOT 3.90 23.2 1.4 60.8 23.0
7.81 19.5 2.9 149.7 23.7

15.63 33.8 4.3 127.2 21.0
31.25 20.4 7.9 388.7 24.2
62.50 41.6 13.9 333.2 25.1

125.0 30.2 21.9 724.5 24.3
250.0 29.0 44.9 1546.6 23.4

SEVEN SHOOT 3.90 297.4 6.2 20.9 96.7
7.81 307.9 12.8 41.7 97.1

15.63 292.0 16.3 55.9 95.2
31.25 273.8 38.5 140.7 95.8
62.50 218.3 54.1 247.9 94.9

125.0 172.9 90.9 525.7 95.6
250.0 160.4 184.3 1149.0 96.1

ROOT 3.90 114.2 0.2 1.8 3.3
7.81 98.6 0.4 3.9 2.9
15.63 78.3 0.8 10.5 4.8
31.25 84.2 1.7 19.6 4.2
62.50 72.0 2.9 39.9 5.1

125.0 65.6 4.2 64.5 4.4
250.0 50.3 7.4 147.5 3.9
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Graph 62. Uptake of cyanazine from water culture 
(combined shoot and root uptake as measured seven days 
after treatment). Blackgrass#
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Graph 63. The phytotoxicity of cyanazine related to its 
concentration in aerial plant tissues, as measured two 
days after treatment. Blackgrass.

Increase in 
fresh weight 

of control) 
100

90

80 I.

70 

60 

50 

40 h
30 

20 
10 

0 
-10 
-20 
-30

EC^O^ 295ng.g

10 100 1000
Plant tissue concentration 

-1

Concentration in tissues which causes 
a 50^ reduction in growth



199

Table 82. The phytotoxicity of cyanazine following uptake
from culture solution. Turnip.

SOLUTION
CONCENTRATION

MEAN PLANT 
WEIGHT 
(mg) ^

INCREASE IN 
PLANT WEIGHT

95% 
CONFIDENCE 

LIMITS '(mg) (%)

0(1) 302.5
0(P) 968.1 565.6 100.0

3.9 956.1 653.6 98.2 90.1 to 106,3
7.8 1015.4 712.9 107.1 93.0 to 121.2
15.63 927.5 625.0 93.9 80.8 to 107.0
31.25 688.5 386.0 58.0 41.2 to 74.8
62.5 436.3 133.8 20.1 11.4 to 28.8

125.0 194.7 -107.8 -16.2 — 31.0 to —1.4
250.0 150,1 -152.4 -22.9 -35.6 to -10.2
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Graph 64. Phytotoxicity following uptake of cyanazine
from culture solution. Turnip.
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Table 83. The uptake of cyanazine from culture solution.
Turnip.

DAYS
AFTER
TREAT-
lAENT

SECTION
OP

PLANT

SOLUTION
CONCEN
TRATION

PLANT 
WEIGHT 
 ̂(mg)

TOTAL
UPTAKE
(ng)

TISSUE
CONCEN
TRATION
(ng.g“^)

TOTAL
UPTAKE

TWO SHOOT 3.90 316.4 25.9 81.9 66.5
7.81 296.5 51.1 172.3 81.3
15.63 321.3 42.8 133.2 59.4
31.25 308.1 , 93.3 302.8 62.8
62.50 289.6 221.3 764.2 69.5

125.0 293.5 277.7 946.2 70.1
250.0 318.2 351.71 1105.3 65.3

ROOT 3.90 111.3 13.0 116.8 33.5
7.81 96.1 11.8 122.7 18.7

15.63 135.2 29.3 216.7 40.6
31.25 86.4 55.3 640.0 37.2
62.50 71.3 97.1 1361.8 30.5

125.0 98.1 118.4 1206.9 29.9250.0 120.0 187.0 1558.3 34.7
SEVEN SHOOT 3.90 956.1 31.3 32.7 96.37.81 1015.4 48.7 47.9 88.2

15.63 927.5 63.4 68.4 94.1
31.25 688.5 109.0 158.3 82.4
62.50 436.3 254.6 583.5 86.3

125.0 194.7 325.2 1670.3 79.0
250.0 150.1 356.3 2373.8 73.2

ROOT 3.90 268.3 1.2 4.5 3.77.81 310.4 6.5 20.9 11.8
15.63 286.1 4.0 13.9 5.9
31.25 195.0 23.3 119.5 17.6
62.50 162.8 40.4 248.2 13.7

125.0 141.3 86.4 611.5 21.0
250.0 99.0 130.4 1317.2 26.8
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Graph 65. Uptake of cyanazine from water culture 
(combined shoot and root uptake as measured seven days 
after treatment). Turnip.
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Graph 66. The phytotoxicity of cyanazine related to its 
concentration in aerial plant tissues, as measured two 
days after treatment. Turnip.
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1.11. TRANSPIRATION FOLLOWING UPTAKE FROM WATER CULTURE

In the previous experiment the reduction in water 
uptake in plants treated with cyanazine was observed, 
but no direct measuremen'és of this effect were made.
In this experiment measurements of transpiration were 
made before and after uptake of cyanazine.

Tubes containing one plant and 38ml of half-strength 
Hoagland's solution were prepared as described in 
section 2.3.3. Water loss measurements were made, 
during replacement of the nutrient solution, every day 
for wheat and turnip, and every second day for blackgrass 
plants, whose uptake was much lower. These measurements 
were converted to transpiration measurements by 
subtracting from them the mean water loss from ten 
tubes containing no plants.

At the standard growth stages the liquid in 30 
tubes was replaced by half-strength Hoagland's solution 
containing the required amount of cyanazine. Ten tubes 
were treated for each of the following treatment 
solutions (expressed as/4g.l“^):

Wheat: 31.25 250.0 2000.0
Blackgrass and turnip: 3.9 31.25 250.0
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Ten tubes remained untreated and served as controls 
Transpiration measurements were continued for a further 
seven days for wheat and turnip, and for a further ten 
days for blackgrass. During the first of these further 
measurements, all plants Were washed and transfered to 
clean tubes containing cyanazine-free nutrient solution.

The transpiration measurements obtained in this 
experiment are presented in Tables 84 to 86, and in 
Graphs 67 to 69.
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Table 84. Transpiration following uptake from water
culture. Wheat.

DAY
V

SOLUTION
CONCEN
TRATION

THMSPIRATIOK PER PEAHT (ml)
y

0 31.25 250.0 2000.0

1 0.3
2 0.4
3 0.6
4 0.5
5 0.8
6 0.9
7 2.4
8 2.0
9 2.3

10 2.6
11 3.4 2.1 1.9 1.6
12 3.6 2.0 1.8 1.6
13 2.6 2.0 1.6 1.1
14 3.8 2.2 1.7 1.2
15 4.2 3.3 2.5 1.9
16 5.9 4.1 2.3 0.9
17 6.8 5.4 3.7 1.3
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Graph 67. Transpiration following nptake of cyanazine
from water culture. Wheat.
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Table 85. Transpiration following uptake from water 
culture. Blackgrass.

DAY
v

SOLUTION
CONCEN
TRATION

TRAHSPIRATIOK PER PLANT (ml)
V

0 3.9 31.25 250.0

2 0.4
4 0.5
6 0.4
8 0.8

10 0.9
12 1.2 1.1 0.8 1.1
14 1.7 1.1 0.6 0.4
16 2.9 1.8 1.1 0.7
18 2.8 2.7 1.9 1.1
20 3.3 2.9 2.1 0.8
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Graph 68, Transpiration following uptake of cyanazine
from water culture. Blackgrass.
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Table 86. Transpiration following uptake from water
culture. Turnip.

DAY
SOLUTION
CONCEN
TRATION

TRANSPIRATION PER PLANT (ml)
\

0 3.9 31.25 250.0

1 0.2
2 0.3
3 0.2
4 0.2
5 0.3
6 0.4
7 0.6
8 1.1
9 0.9

10 1.0
11 1.2 0.9 0.6 0.4
12 1.6 0.8 0.5 0.6
13 2.2 0.9 0.4 0.5
14 1.9 1.0 0.7 0.4
15 3.2 1.7 0.8 0.5
16 3.7 3.1 1.0 0.5
17 5.3 4.0 1.2 0.6
18 6.4 4.5 1.5 0.5
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Graph 69. Transpiration following uptake of cyanazine
from water culture. Turnip.
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1.12. THE EFFECT OP ACTIVATED CHARCOAL ON PLANT GROWTH

Statistical comparison of control plants of all 
three species in the experiments reported in section 3.2. 
revealed that plants grov^ing in soil containing 5g of 
activated charcoal, in a layer 2cm below the surface, had 
a growth rate consistently higher than that of plants 
growing in charcoal-free soil. This effect was also 
observed in a further experiment using charcoal layers, 
reported in section 3.8. The experiment reported in this 
section represents a further attempt to study this effect,

for each species, pregerminated seeds were planted 
2cm deep in soil, in ten pots for each of the following 
treatments :

1. No charcoal.
2. 5g charcoal applied as a layer above the seed.
3. 5g charcoal incorporated into the root zone.
4. 5g charcoal incorporated into the shoot zone.

The soil in all pots was maintained at 757° pot capacity.

The fresh weight of all aerial plant parts in each 
pots was measured one week after the standard grov/th 
stages for cyanazine treatment. The experiment was 
carried out twice. The mean fresh weights obtained are 
presented in tables 87 and 88.
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Table 87. The effect of activated charcoal on plant
growth. One.

PLANT
SPECIES

CHARCOAL
TREATMENT

MEAN
FRESH

WEIGHT
(mg)

io INCREASE 
IN GROWTH
RATE OVER 
NO-CHARCOAL 
TREATMENT

SIGNIFICANCE 
OF INCREASE 
IN GROWTH 
RATE *

WHEAT NONE 502.9 0
LAYER 716.3 42.4 <0.001
ROOT 678.5 34.9 <0.001
SHOOT 654.5 30.1 <0.001

black;- NONE 64.9 0
GRASS LAYER 120.0 84.9 <0.001

ROOT 146.5 125.7 <0.001
SHOOT 91.7 41.3 <0.001

TURNIP NONE 904.3 0
LAYER 1296.5 43.4 <0.001
ROOT 1309.1 44.8 <0.001
SHOOT 1198.0 32.5 0.01

 ̂Determined using the Students' t test.
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Table 88, The effect of activated charcoal on plant
growth. Two.

PLANT
SPECIES

CHARCOAL
TREATMENT

MEAN
FRESH

WEIGHT
(mg)

io INCREASE 
HT GROWTH 
RATE OVER 
NO-CHARCOAL 
TREATMENT

SIGNIFICANCE 
OF INCREASE 
IN GROWTH 
RATE *

V/HEAT NONE 693.8 0
LAYER .1015.0 46.3 <0.001
ROOT 1033.1 48.9 <0.001
SHOOT 947.7 36.6 <0.001

BLACK NONE 82.5 0
GRASS LAYER 139.2 68.7 <0.001

ROOT 152.7 85.1 <0.001
SHOOT 113.0 37.0 0.01

TURNIP NONE 1026.2 0
LAYER 1378.2 34.3 <0.001
ROOT 1449.0 41.2 <0.001
SHOOT 1339.2 30.5 <0.001

^ Determined using Students' t test.
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1.11. THE PERSISTENCE OF CYANAZINE IN SOIL

A gimplQ bioassay teohniq.ue was ueed to dotormin© 
the persistence of cyanazine in soil under the standard 
conditions adopted in the Majority of experiments 
reported in this thesis.

Pots of soil at 75^ pot capacity, but without seeds, 
were prepared in the usual way. One half of these pots 
were treated by pipette with 5kg.ha"^ of Radikill; the 
remaining pots were not treated. The soil in all pots 
was maintained at 75% pot capacity throughout the 
experiment.

I
j

On the day of the Radikill treatment, and every five 
days thereafter, the amount of cyanazine remaining’ in the 
treated pots was estimated by the bioassay technique 
described below.

This experiment was carried out during January, and 
again during July, in an attempt to highlight any seasonal 
variation in persistence. The results are presented in 
Table 8'9 and Graph 70.
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The Bioassay Technique

1. On oaoh aoBay dat© ton treated and ten untreated pots
were selected at random,

\ •

2. Dilution series were prepared in the following manner, 
from the soil in each of five treated pots.
i. The contents of the pot were thoroughly mixed v;iJn 
300g air-dried soil in a 25cm x 20cm polythene hag. 
Mixing v/as achieved by vigorously agitating the contents 
of the tightly closed, partially air-filled polythene 
bag for about 30 seconds.
ii. 350g of the mixed soil, removed from the bag and 
placed in a pot, formed the 0.5 dilution of the series.
iii. A further 300g air-dried soil was mixed with the 
soil remaining in the polythene bag, 325g of the 
resulting mixture formed the 0.25 dilution, (The 
decrease in the amount of mixed soil removed compensated 
for the decrease in soil water content caused by 
repeatedly diluting soil maintained at 75% pot capacity 
with air-dried soil.)
iv. Repeated addition of air-dried soil yielded 0.125, 
0.0625 and 0.03125 dilutions.

3. The soil from each of the remaining treated pots was 
turned out into a polythene bag, thoroughly mixed and 
returned to its pot, thus forming a 1.0 dilution.
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4. The soil from each of the ten untreated pots was 
similarly treated, and formed, the control.

5. Eight pregerminated turnip seeds were placed on the 
surface of the soil in each of the control and dilution 
series pots. A 50g layer of sand protected the seeds 
from dessication.

6. The soil in each pot was maintained at approximately 
75% pot capacity for the duration of the assay period. 
The presence of 50g sand in each pot prevented the 
usual level of accuracy.

i

7. Shortly after emergence the number of plants was reduced 
to five per pot. One week after emergence the fresh 
weight of the plants in each pot was determined.

8. The mean fresh weight for each dilution was calculated, 
expressed as a percentage of that of the control, and 
plotted against log^Q dilution. From the resulting 
graph the FD^q could be determined.

9. The amount of cyanazine remaining at the second and 
each subsequent assay was calculated using the formula:

Log^Q percentage remaianing = (Log^Q at first
assay —  Log^Q ED^^ at subsequent assay) + 2
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Table 89. The persistence of cyanazine in soil.

MONTH DAYS AFTER 
TREATMENT

LOGlO EDgO PERCENTAGE
REMAINING

JANUARY 0 2.93 100
5 2.97 91
10 2:96 93
15 1.07 72
20 1.13 63
25 1.15 60
30 1.21 52
35 1.32 1 41

JULY 0 2:88 100
5 2.87 105

10 2.97 81
15 Ï.10 60
20 1.09 62
25 1.20 48
30 1.60 19
35 1.76 13

EDcQ for first assay in January = 0.43kg.ha“^ (0.89yUg.g""'')-1
50

ED^for first assay in July = 0. 38kg.ha"^ (0.79/^g.g"”''')-1
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Graph 70. The persistence of cyanazine in soil.
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1.14. THE EFFECT OF SOIL WATER CONTENT ON THE PERSISTENCE 
OF CYANAZINE

Tumblers of soil at 70, 85 and lOOfo pot capacity, 
without seeds, were prepai*ed in the usual way. For each 
water content one half of the tumblers were treated by 
pipette with 5kg.ha"^ Radikill. The original moisture 
contents were maintained throughout the experiment.

On the day of the Radikill treatment, and every five 
days thereafter, the amount of cyanazine remaining in the 
treated pots v/as estimated by the bioassay technique 
described on page 216. Modifications to the bioassay 
procedure were necessary to allow for the different 
v/eights of soil and water involved. Dilutions and 
controls prepared from soil at all water contents were 
transfered to pots, and were maintained for the duration 
of tho assay period at 75% pot capacity. Some difficulty 
was experienced in the preparation of control and 1.0 
dilution pots in the 100^ pot capacity treatment, due to 
their high water content. This was partially overcome by 
not watering the tumblers concerned for two days before 
the assay.

The results obtained in this experiment are presented 
in Table 90 and Graph 71.
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Table 90. The effect of soil water content on persistence.

WATER CONTENT 
POT CAPACITY)

DAYS AFTER 
TREATMENT

EDgo PERCENTAGE
REMAINING

70 \0 2.93 100
5 2.95 96

10 2.97 91
15 T.Ol 83
20 1.02 81
25 1.07 72
30 1.19 55
35 1.25 48

85 0 2.95 100
5 2.99 91

10 1.03 83
15 1.16 62
20 1.30 45
25 1.50 28
30 1.52 27
35 1.95 10

100 0 2.87 100
5 2:88 98

10 2.93 87
15 1.16 51
20 1.48 25
25 0.16 5
30 — 0
35 — 0
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Graph 71. The effect of soil water content on persistence
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1.15. THE MOVEMENT OF CYANAZINE IN SAND AND SOIL

This experiment was designed, to yield information 
regarding the movement of cyanazine in sand and soil 
under the standard conditions adopted in the majority of 
experiments reported in this thesis.

Pots or tumblers containing soil or sand were prep
ared, and surface applications of cyanazine (mixtures of 

cyanazine and Radikill) made, in the usual v;ay. At 
a later date the distribution of radioactivity within 
the container was determined in the following manner.
The container was stored at -20^ for 24 hours. The 
frozen block of sand or soil was removed from the cont
ainer and cut into 2cm slices using an electric band- 
saw. Since the depth of the block varied slightly, 
measurements were always made from the surface downwards.

The slices obtained were allowed to thaw at room 
temperature. The soil or sand in each slice was thor
oughly mixed in a 25cm x 20cm polythene ba^ and a 50g 
sample removed. The samples were extracted with methanol, 
in a Soxhlet apparatus, for six hours and the extracts 
filtered, concentrated by rotary evaporation, and made to 
50ml.
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The count rate of 5ml aliquots of these final 
extracts were determined. The amount of cyanazine 
in each slice could then he estimated and expressed as 
a percentage of the total content of the container.

\

To determine the effect of water content on cyan
azine movement in soil, a series of tumblers containing 
soil at 70, 85 or 100% pot capacity were prepared. For 
each water content five tumblers were prepared and main
tained in the usual way. Treatments were made by pipette, 
each tumbler recieving IOO/aI of a lOOyUg.ml”^ solution of 

cyanazine plus 1kg.ha"^ Radikill. The distribution 
of radioactivity within all of these tumblers was deter
mined after ten days. The results obtained, expressed as 
mean percentage of total content per slice, are given in 
Table 91.

A comparison between the movement of cyanazine in 
sand and soil was also made. This second investigation 
included a study of the effect of total cyanazine 
concentration on the rate of movement. Pots were 
prepared containing soil at 75% pot capacity or sand 
with a water content of 15%. For both soil and sand, 
treatments were made by pipette, each pot recieving 
100/Wl of a lOO^g.ml"^ plus either 1kg.ha"^ or 10kg.ha"^ 
Radikill. For each concentration of Radikill 30 pots
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were prepared for both sand and soil. The distribution 
radioactivity within five pots for each concentration of 
Radikill, in both soil and sand, waa determined one hour 
after treatment, and every two days for the next ten 
days. The results obtained, expressed as mean percent
age of total content per slice, are given in Tables 92 
and 93.

Finally, the effect of a charcoal layer on the move
ment of cyanazine within a pot was investigated. Pots 
containing soil with and without a charcoal layer were 
prepared and maintained at 75% pot capacity. Similarly 
pots containing sand with and without a charcoal layer 
were prepared and their water content maintained at 15%. 
Treatments were made by pipette, each pot recieved 100/»1 
of a 100/(g.ml"^ solution of cyanazine plus 1kg.ha"^ 
Radikill. The distribution of radioactivity within all 
of these pots was determined after ten days. The results 
obtained, expressed as mean percentage of total content 
per slice, are given in Tables 94 and 95.
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Table 91. The effect of water content on the distribution 
of cyanazine in soil ten days after treatment.

WATER CONTENT 
(% POT CAPACITY)

MEAN PERCENTAGE OP TOTAL CYANAZINE 
CONTENT PER SLICE

0-2cm 2-4cm 4-6 cm 6-8cm 8-lOcm

70 76 15 6 3 0
85 61 15 13 6 5

100 42 31 15 3 9
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Table 92. The movement of cyanazine through soil.

CYAN
AZINE

(kg.ha“^)

DAYS
AFTER

TREATMENT

MEAN PERCENTAGE OF TOTAL 
CYANAZINE CONTENT PER SLICE
0-2cm 2-4cm 4—6cm 6—8cm

1 0 100 0 0 0
2 94 5 1 0
4 91 8 1 0
6 86 9 2 3
8 73 17 6 4

10 67 16 10 7

10 0 100 0 0 0
2 92 8 0 0
4 87 11 2 0
6 71 20 6 3
8 70 15 12 3

10 64 19 14 3
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Table 93. The movement of cyanazine through sand.

CYAN
AZINE

(kg.ha"^)

DAYS
AFTER

TREATMENT

MEAN PERCENTAGE OF TOTAL 
CYANAZINE CONTENT PER SLICE
0-2cm\ 2-4ciji 4-6cm 6-8cm

1 0 97 3 0 0:
2 75 18 7 0
4 45 34 15 6
6 21 29 33 17
8 10 37 37 16

10 4 39 33 24

10 0 100 0 0 0
2 78 15 7 0
4 61 29 6 4
6 30 31 20 19
8 9 38 33 20

10 6 42 28 24
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Table 94. The effect of a charcoal layer on the distrib
ution of cyanazine in soil ten days after treatment.

CHARCOAL m m  PERCENTAGE OP TOTAL 
CYANAZINE CONTENT PER SLICE
0-2cm 2S-4cm 4-6 cm 6-8cm

ABSENT 65 20 8 7
PRESENT 93 5 2 0

Table 95. The effect of a charcoal layer on the distrib
ution of cyanazine in sand ten days after treatment.

CHARCOAL MEAN PERCENTAGE OP TOTAL 
CYANAZINE CONTENT PER SLICE
0-2cm 2-4cm 4—6cm 6-8cm

ABSENT 7 50 26 17
PRESENT 48 41 10 1



4. DISCUSSION

The experiments reported in this thesis were 
designed to yield information which could be related to 
the use of cyanazine in the field. However, by their 
very nature, pot-experiments are not directly comparable 
with the field situation; the volume of soil involved, 
and the movement through it of water and dissolved 
substances, the environmental conditions encountered by 
the plants, and even the plants themselves, differ to 
some extent. Unfortunately, it is not possible to 
manipulate such factors as seed depth or stage of growth 
at treatment, with the desired accuracy, on a field 
scale, and so extrapolations from pot-experiments to 
the field must be made. For the purpose of such extra
polations, it is assumed here that while each value, of 
phytotoxicity or uptake, obtained in an experiment may 
differ, often markedly, from the corresponding field 
value, the relationship between the several values 
obtained in one experiment will be closely related to 
the field situation. The careful standardisation of 
the materials and procedures employed is considered to 
justify direct comparisons between experiments.



231

The persistence of cyanazine in soils is well 
documented. Studies under laboratory conditions have 
yielded half-life values of 11.7 days at 25^ (Chapman 
et al.. 1968) and 15 days at 20^ (Hughes et al., 1967). 
Values ranging from 9 to ^5 days have been reported for 
the half-life of cyanazine in soil under field conditions 
(Beynon, Bosio & Elgar, 1972). The results are presented, 
in Table 89 and Graph 70, of an experiment to determine 
the persistence of cyanazine in soil under the standard 
conditions adopted throughout this programme of research. 
Graph 70 shows the half-life of cyanazine to be 32 days 
in January, but only 25 days in July. Although the 
amount of cyanazine remaining after 35 days was very 
different at the two seasons (40% in January, against 
only 13% in July), during the first 20 days differences 
were less marked. The results of a second experiment', 
to investigate the persistence of cyanazine in soil at 
various water contents, are presented in Table 90 and 
Graph 71. From Graph 71 it can be seen that persistence 
was greatest in drier soils, half-lives of 34 days at 
70% pot capacity, 20 days at 85% pot capacity, and 16 
days at 100% pot capacity being obtained. Once again, 
although large differences in cyanazine persistence 
were noted, the percentages remaining in the three 
treatments did not differ during the first ten days.



232

On the basis of these results, therefore, any 
differences in the phytotoxicity of cyanazine treatments, 
either applied to soil maintained at different water 
contents, or at different times of the year, cannot be 
attributed to variations in persistence of the herbicide. 
Over 80% of applied cyanazine would remain in the soil 
ten days after treatment, when the plants were harvested.

Short but discernable lag phases are present on all 
curves of Graphs 70 and 71. The form of breakdown 
curve shown especially by the 100% pot capacity treatment 
on Graph 71, is typical of herbicides whose decomposition 
is, like cyanazine, largely microbial. Similar curves 
have been noted for several carbamate herbicides 
(Kaufman & Kearney, 1965) and for simazine (Holly & 
Roberts, 1963), all of which are known to be decomposed 
by soil microorganisms (Herrett, 1969; Kheusli et al., 
1969).

The sensitivity of the bioassay procedure used in 
these experiments was such that a relatively high 
initial level of cyanazine was required, equivalent to 
5kg.ha"^. Experiments with other herbicides have shown, 
however, that initial levels have little effect upon the 
rate, in percentage terms, of subsequent decomposition. 
The rate of percentage loss from soil, of simazine, for
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instance, was the same when the compound was applied to
n _ 1the soil surface at 0,56kg.ha" and at 2.24kg.ha 

(Holly & Roberts, 1963).

As might be expected', soil water content influenced 
the rate of downward movement of cyanazine through soil. 
Table 91 shows that after ten days the bottom 2cm slice 
taken from a tumbler of soil maintained at 100% pot 
capacity, contained 9% of the total cyanazine content.
The same slice from the 85% pot capacity tumbler con
tained 5%, while that from the 70% pot capacity tumbler 
contained none at all. The amount of cyanazine remaining 
in the surface 2cm after ten days showed similar variation; 
values of 76% (70% pot capacity), 61% (85% pot capacity) 
and 42% (100% pot capacity), being obtained. The results 
presented in Table 91 demonstrate that soil water content 
may influence the phytotoxicity of cyanazine by deter
mining the distribution of the herbicide within the soil.

The amount of cyanazine applied to the soil surface, 
however, has little effect upon the rate of subsequent 
downward movement. As shown in Table 92, there was no 
discernable difference between the distribution of 
cyanazine within pots treated with 1kg.ha"^ and similar 
pots treated with 10kg.ha"^, during the ten days follow
ing application. Thus it is unlikely that variations
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in their rate of downward movement will influence the 
relative phytotoxicity of a series of cyanazine treat
ments.

After ten days approximately 65% of the cyanazine 
applied to pots containing soil maintained at 75% pot 
capacity, remained in the surface 2cm. This value falls 
comfortably into the series produced in Table 91, thus: 
76%, 65%. 61% and 42% (in order of increasing water 
content).

Predictably, cyanazine moves through sand much more 
readily than through soil, approximately 5% remaining in 
the surface 2cm after ten days (the corresponding value 
for soil being 65%). Table 93 does show, however, that 
application rate has no more influence on the ultimate 
distribution of cyanazine in sand than it has in soil.

Sand was employed in place of soil in one experiment 
(section 3.1) to ensure rapid treatment of all sub
surface plant organs. Within four days after application, 
detectable quantities of cyanazine were present in all 
slices taken from pots of sand. Thus the use of sand 
would have had the desired effect.

In two other experiments (sections 3.2 and 3.8) a
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charcoal layer was added to each pot to prevent or 
hinder the downward movement of cyanazine, and so 
restrict exposure, to the herbicide, to the sub- surface 
shoot. Table 94 shows that this aim would have been 
achieved, since after ten' days 93% of the applied 
cyanazine remained in the sub-surface shoot zone of pots 
with a charcoal layer, whereas in the absence of such a 
layer 35% of 'the cyanazine had moved downwards out of 
this zone.

Table 95 shows the results of a similar study 
involving charcoal layers in sand. Although charcoal 
layers were not employed in any experiment which also 
involved the use of sand, it is interesting to note that 
the presence of a 5g charcoal layer substantially hinders 
the otherwise rapid movement of cyanazine through sand.

In experiments involving the use of charcoal layers, 
large significant increases in the growth of plants were 
noted (see Tables 11 to 27 and 68 to 73). A further 
study of this effect formed the basis of the experiment 
reported in section 3.12. 5g of activated charcoal was 
applied to pots as a layer, or incorporated into the root 
or the sub-surface shoot zone. In each case, highly 
significant increases in the growth of wheat, blackgrass 
and turnip resulted. From Tables 87 and 88 it can be
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seen that incorporation of charcoal into the sub
surface shoot zone always had the least effect.
However, no other generalisations are possible.

Without further experimentation, little can be 
concluded regarding the origin of this phenomenon. 
Naturally, the possibility that the adsorptive nature 
of activated' charcoal has a role in this effect, has to 
be considered, and it has been suggested that a reduct
ion is occurring in the availability to the plant of 
some harmful or toxic substance in the soil. This may 
be so, but careful further investigation has ruled out 
the possibility of pesticide contamination in the field 
from which the soil was taken. The only definite 
conclusion to be drawn is that the incorporation of 
activated charcoal into the soil used in these exper
iments causes a significant increase in the growth of 
the three species tested.

If the growth-dilution hypothesis (Hagimoto & 
Yoshikawa, 1972) holds true for cyanazine and the three 
species involved here, then the increased size of those 
plants at treatment, and the increase in their subsequent 
growth rate, caused by the presence in the soil of 
activated charcoal, may decrease the susceptibilty of 
those plants to a significant extent. There is evidence
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to suggest that the growth-dilution hypothesis does hold 
true in these circumstances. The phytotoxicity of 
cyanazine treatments decreases steadily, in all three 
species, once leaves have been formed and photosynthesis 
has begun (Table 41). The more general finding, dis
cussed on page 34, that plants which are not killed by 
cyanazine treatments often recover fully and eventually 
make as much growth as the untreated control plants, 
also supports the hypothesis. It suggests.that, as 
with the photosynthesis inhibitors chlorbromuron and 
simetryne (Hagimoto & Yoshikawa, 1972), toxic levels of 
cyanazine must be maintained if they are to cause death. 
Conditions which favour a rapid rate of growth may 
effectively decrease susceptibility by preventing this 
maintenance of toxic tissue concentrations.

The apparently contradictory evidence provided in 
sections 3*3 and 3-4 must be considered. Here seed 
depth and soil water conditions which produced the 
greatest growth rate were also the ones under which the 
plants were most susceptible to cyanazine treatments. 
However, it is considered that this effect cannot be 
cited as evidence against the growth-dilution hypothesis. 
The increased movement of herbicide into the root zone 
of plants grown at higher soil water contents, or at 
shallower seed depths, is probably of overriding 
importance.
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On the whole, therefore, it seems reasonable to 
assume that the growth-dilution hypothesis is valid in 
these oiroumstanoes, and thus the greater size and growth 
rate of plants grown in soil containing activated 
charcoal may indeed signif*icantly decrease their 
susceptibility to cyanazine.

This effect must be considered as a drawback to 
the use of activated charcoal in this way, and suggests 
that other methods of restricting the downward movement 
of cyanazine should have been sought. However, 
although many methods have been reported (Priesen,
Banting & Walker, 1962; Appleby & Furtick, 1963;
Eschel & Prendeville, 1967; Prendeville, 1968; O'Brien 
& Prendeville, 1972; Geronimo, Smith & Stockdale, 1973), 
and were considered, none combined the efficiency of 
activated charcoal with a lack of interference with 
normal movement of air and water within the pot. In 
any case, the use of adequate internal controls makes 
it unlikely that this "charcoal effect" will hinder the 
interpretation of results.

The use of charcoal to prevent herbicide damage to 
plants has often been reported (Ahrens, 1964; Fryer & 
Evans, 1970; Allott & Uprichard, 1972). In some cases 
merely dipping the roots of transplanted seedlings into
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activated charcoal can prevent herbicide damage, though 
the roots will obviously grow out into treated soil very 
6oon after tranoplanting. Could thie effect be related
to the "charcoal effect" encountered in this study?

\

Selectivity of many herbicides is related to diff
erential retention of spray deposits. The shape and 
posture of turnip plants obviously results in greater 
retention than occurs in wheat and blackgrass. At the 
early stages of growth chosen for cyanazine application 
in most of the experiments reported here, blackgrass 
especially presented a very small target for herbicide 
sprays. The results presented in section 3.1 show quite 
definitely the effect of this differential retention. 
V/hen applied solely as a foliar spray, cyanazine proved 
to be extremely phytotoxic to turnip plants values
of 0.02 to 0.04 kg.ha"^ from Graphs 9 to ll), but'much 
less phytotoxic to wheat (EDy^ values of 4kg.ha"^ from 
Graphs 3 to 5) and blackgrass (ED^^ values well above 
1.0kg.ha"^ are indicated by Graphs 6. to 8).

Applications of cyanazine to the sand in which 
plants were growing showed all three species to be very 
susceptible to exposure of their sub-surface organs.
Very low ED^^ values were obtained for wheat (less than 
1.0kg.ha"^ indicated by Graphs 3 ti 5), blackgrass (less
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than 0.05kg.ha"^ indicated by Graphs 6 to 8) and turnip 
(0.04 to 0.08 kg.ha"^ from Graphs 9 to 11). Thus wheat 
and blaokgrae© showed much greater resistance to foliar 
treatment than to sub-surface treatment, whereas turnip 
plants were slightly lésé resistant to foliar treatment. 
These results are in accordance with the finding that in 
the field dicotyledenous weeds tend to be more suscep
tible to foliar application than do monocotyledenous 
species (Luckhurst, Allen & O'Doherty, 1972).

In the field wheat and blackgrass plants tend to 
prevent a better target for herbicide sprays, having a 
less upright posture than glasshouse-grown plants at the 
same stage of growth. ' Autumn germinated blackgrass 
especially, tends to produce plants in the form of a 
flattened rosette. It may be expected, therefore, that 
wheat and blackgrass plants may atl times exhibit greater 
susceptibility to foliar applications of cyanazine than 
would be expected from these results.

The susceptibility of wheat to foliar-applied 
cyanazine was increased slightly by the practice of 
rewetting the foliar spray deposits (Graphs 39 and 40). 
This is a highly artificial practice, but it does 
suggest that, in the field, crop damage may be more 
important when application is followed by several days
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of high humidity or heavy dew. The practice of rewetting 
had no significant effect upon the growth of wheat 
planta (Tables 64 and 65).

The presence of a charcoal layer, known to largely 
prevent downward movement of cyanazine, greatly reduced 
the phytotoxicity of soil-surface applications of the 
herbicide to wheat, increasing the from between
2.0 and 4.0kg.ha"^ to over 16kg.ha"^ (Graphs 12 to 14).
A significant, but less dramatic, effect was noted for 
turnip, the increase being from between 1.0 and 1.5kg.ha 
(Graphs 18 to 20). A significant increase in ED^^ (from 
0.5kg.ha"^ to l.Okg.ha"^) was detected only once with 
blackgrass (Graph 17). On two other occasions no 
significant changes in could be detected (Graphs
15 and 16).

In a separate experiment the uptake of cyanazine 
from soil was monitored. Uptake by blackgrass plants 
was shov/n to be more or less a gradual process, which 
was well under way during the first three days after 
application (Graphs 47 and 49), when well over 90% of 
the cyanazine will be localised in the top 2cm of soil 
(Table 92). The addition of a charcoal layer reduced 
the total amount of cyanazine taken up; after 21 days 
the reduction amounted to approximately 28% (Tables 70



242

and 71). Uptake by turnip plants followed a somewhat 
similar pattern. Again uptake had begun during the 
first three days, although the rate of uptake increased 
over the period of the experiment. These increases 
tended to be more dramatic, and to occur slightly earlier, 
in plants grown without a charcoal layer (Graphs 51 and 
53). The charcoal layer reduced uptake to a lesser 
extent in turnip than in blackgrass; after 21 days the 
reduction amounted to 19% on one occasion (Table 72) and 
only 3% on a second (Table 73).

Although relatively small amounts had been taken up 
earlier, even during the first' three days, the rate of 
uptake of cyanazine by wheat plants grown in soil without 
a charcoal layer increased dramatically after seven days 
(Graphs 43 and 45). This coincides with the appearance, 
in a separate experiment, of significant amounts of 
cyanazine in the root zone (Table 92). Uptake of cyan
azine by wheat plants was restricted severely by the 
presence of a charcoal layer; after 14 days the reduction 
in uptake amounted to approximately 76%. After a further 
seven days, an increase in the rate of uptake by plants 
grown with a charcoal layer had reduced this figure to 
approximately 46%.

Blackgrass plants produce adventitious roots within
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2cm of the soil surface very soon after emergence (page 
85). The uptake of water, and cyanazine, will occur 
readily, therefore, from the eub-surfaco shoot zone, 
though penetration of adventitious roots into lower soil 
levels may reduce the proportion of uptake which 
actually does occur within this zone. The results 
presented in Tables 16, 18, 20, 70 and 71 clearly show 
that uptake of cyanazine is indeed largely restricted 
to the surface 2cm of soil, since preventing the down
ward movement of cyanazine beyond this depth had little 
or no effect on the phytotoxicity of soil-surface applic
ations, and caused only a slight reduction in the uptake 
of ^^0 cyanazine applied to the soil surface.

Reductions in the phytotoxicity of soil-surf&ce 
applications of cyanazine, caused by the presence of a 
charcoal layer, were more definitely detected in the 
case of turnip plants. This finding indicates that 
uptake of cyanazine by turnip is not restricted to the 
surface 2cm of soil. However, the development of phyto
toxic symptoms in plants grown with a charcoal layer 
does suggest that significant amounts of cyanazine must 
be taken up via the sub-surface shoot. Measurements of 
the uptake of cyanazine by turnip plants increase 
the validity of this suggestion. Although the rate of 
uptake of cyanazine increases over the period of the
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experiment, the amount taken up is reduced only slightly 
by the presence of a charcoal layer.

Uptake of triazine herbicides by emerging shoots of 
turnip has been reported '(Walker, 1973) but this 
experiment demonstrates uptake via the shoots of estab
lished seedlings. The practice of adding water to the 
soil surface each day may have encouraged such uptake by 
maintaining intimate contact between the shoot and the 
soil-solution. In experiments employing bottom 
irrigation such uptake may be severely curtailed.

It would appear that the uptake of cyanazine by 
wheat is largely restricted to the root system, since 
the presence of a charcoal layer had dramatic effects 
upon both phytotoxicity and uptake of cyanazine. 
Further, uptake was severely limited during the early 
days following application, becoming rapid only after 
the probable appearance of cyanazine in the root zone. 
The similar sudden increase, at a later date, in the 
rate of uptake by plants grown in soil without a 
charcoal layer, could be attributed to a leakage of 
cyanazine through the layer into the root zone.

The presence of the remains of the coleoptile 
sheath around the sub-surface shoot may present an
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effective barrier to uptake, thus ensuring that cyanazine 
does not enter wheat plants from the surface 2cm of soil.

Par greater quantities of cyanazine were taken up 
by v/heat than by either turnip or blackgrass (Tables 68 
to 73). After 21 days wheat plants grown in soil without 
a charcoal layer had accumulated approximately iBx as 
much cyanazine as blackgrass plants, and 1.9x as much 
as turnip plants grown under similar conditions. These 
differences can be attributed to the different transp
iration rates of the plants involved. In an experiment 
involving the measurement of the rate of water-loss of 
plants grown in liquid culture, wheat plants transpired 
4.2x as much as blackgrass plants, and 1.8x as much as 
turnip plants. The uptake of these large quantities 
of cyanazine by wheat plants naturally resulted in high 
tissue concentrations. After 21 days the aerial parts 
of wheat plants grown in soil without a charcoal layer 
contained 999.7ng.g~^ on one occasion and 1326.3ng.g*”̂  
on a second. This represents, on the first occasion, 
over 5x the concentration found in the other species, 
while on the second occasion wheat plants contained 
6.7x the concentration found in turnip plants, and 8.7x 
that found in blackgrass plants.

Results discussed so far have demonstrated how
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the adventitious roots of blackgrass and the sub-surface 
shoot of turnip contribute to cyanazine uptake, while 
the corresponding portion of the wheat plant appoars to 
be unimportant in this respect. Selectivity between 
wheat and the other species may be related in part to 
the length of time taken for cyanazine to move downwards 
from the soil surface into the root zone of the wheat 
plants. Table 91 shows that increasing the soil water 
content will increase the rate of downward movement of 
cyanazine. Increasing the depth of the seed will 
effectively lengthen the time taken for cyanazine to 
reach the root zone.

The phytotoxicity of cyanazine to wheat proved to 
be closely related to the depth of the seed. Plants 
grov/n from seeds 4cm deep were affected very little by 
16kg.ha"^, whereas seeds planted only 0.5cm deep prod
uced plants which suffered severe damage when treated 
with l.Okg.ha"^ (Graphs 21 to 23). The susceptibility 
of turnip plants to soil-surface applications of cyanazine 
was only slightly reduced by increasing the depth of 
planting. The for turnip planted at 0.5cm was
l.Okg.ha"^, This was increased to between 2.0 and 4.0 
kg.ha~^ by planting the seed at a depth of 4.0cm (Graphs 
27 to 29). The susceptibilty of blackgrass plants was
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unaffected by the depth of the seed (Graphs 24 to 26),

Thue, selectivity between wheat and blackgrass was 
affected by seed depth. When grown from seeds planted 
4cm deep, wheat plants we're virtually unaffected by 
16.0kg.ha“ ,̂ whereas blackgrass plants had an ED^Q of 
l.Okg.ha"^ at this depth. This very large margin of 
selectivity was reduced by decreasing the seed depth.
At a seed depth of 2.0cm blackgrass plants were only 
twice as susceptible to soil-surface treatments as were 
wheat plants, and at a seed depth of 0.5cm blackgrass 
plants were actually more resistant.

An increase in seed depth naturally delayed emergence 
in all three species, though this did not affect the 
validity of the experiment , since all treatments were 
made at the standard growth stages as usual. However, 
the weight of wheat and turnip plants varied with the 
seed depth. Plants produced from seeds at 4cm were 
always the smallest. The heaviest turnip plants at 
treatment were always those grown from seed at 0.5cm, 
but the extra support given by a 2.0cm seed depth seemed 
to allow more vigorous growth during the later stages of 
the experiment. At harvest, turnip plants grown from 
seeds 2.0cm deep were always significantly heavier 
(Tables 41, 43 and 45). Similar trends were noted in
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wheat plants, though differences between the weight of
I

plants produced from seeds 0,5cm and 2.0cm deep were 
much smaller, and there wore aKOeptions to the rula that 
the 0.5cm plants were the heaviest at treatment" and the 
2.0cm plants at harvest CTables 29, 31 and 33).

The weight of blackgrass plants was not related to 
seed depth. It is considered that the restriction- of 
the volume of soil available for root growth is respon
sible for the reduction in the growth of wheat and turnip 
plants grov/n from deeply planted seeds. Of the three 
species studied, only blackgrass produced any roots above 
the level of the seed (page 85); they did not, in fact, 
experience any restriction of root growth.

Soil water conditions which promoted most vigorous 
growth of all three species also led to enhanced suscep
tibility to cyanazine. This relationship was most 
conspicuous in the case of turnip, where both growth and 
susceptibility were directly related to soil water 
content (Tables 58 to 63 and Graphs 36 to 38). Black
grass plants grown at 70^ pot capacity were smaller than 
those grown at higher water contents, though the effect 
upon growth of higher water contents was variable (Tables 
53, 55 and 57). The susceptibility of blackgrass was 
always lowest at lOio pot capacity; there being no
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significant difference between susceptibility at 85^ 
pot capacity and at 100^ pot capacity.

A rather more complicated relationship between 
phytotoxicity and soil waiter content was noted for wheat. 
An increase in water content from 70^ to 85^ pot capacity 
led to an increase in growth, but at 100% pot capacity 
the growth of wheat plants was reduced. Wheat plants 
grown at 85% pot capacity were most susceptible; those 
at 70% were least susceptible. Although growth was 
greater at 70% pot capacity than at 100%, the increased 
dov̂ Tiward movement at the higher water content would 
appear to have brought about an overriding effect on 
phytotoxicity.

Generally, therefore, water content appears to 
affect the behaviour of cyanazine in two ways. Optimum 
soil water conditions can produce high rates of growth 
and hence of water uptake. This can, in turn, lead to 
a high rate of cyanazine uptake if the herbicide is 
actually present in the soil from which water is taken, 
though this may not affect tissue concentrations. High 
water contents can also, of course, increase the rate 
of downward movement of cyanazine (Table 91). In the 
case of turnip, and especially of wheat, this second 
effect will increase phytotoxicity because uptake occurs
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largely via the root systems, which are not present in 
the top 2cm of soil."

At a soil water content of 70% pot capacity, hlack- 
grass plants proved to bê  approximately eight times as 
susceptible to soil-surface applications of cyanazine 
as did wheat plants. This margin of selectivity was 
decreased dramatically, to only two times, by increasing- 
the soil water content to 85% pot capacity. At 100% pot 
capacity the margin was a more acceptable four times, 
but the growth of wheat plants was adversely affected 
at this water content.

The stage of growth at which cyanazine treatments 
were applied was shown to have a substantial influence 
upon the extent of herbicide damage. In all cases, 
susceptibility to soil-applied cyanazine increased to 
some extent during the first few days after emergence, 
before a gradual and sustained decrease in susceptibility 
began. The temporary increase was most marked in the 
case of wheat, and least marked in the case of blackgrass. 
It is suggested that this increase in susceptibility to 
cyanazine reflects an increased reliance upon photo
synthesis as the food reserves of the seed are exhausted. 
Wheat, having the largest supply of such reserves, is 
very resistant to cyanazine, a photosynthetic poison.
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d'oring the first few days after emergence; Graph 41 shows 
it to have an ED^Q of over 8kg.ha"^ when cyanazine is 
applied before or immediately after emergence. The 
susceptibility of wheat plants to cyanazine increases 
dramatically, to its highest level, in fact, once the 
first leaf stage is reached, and photosynthesis becomes 
more important. Similar increases in susceptibility 
are seen during the early growth of turnip and blackgrass 
(Graph 41), but the initial levels are much higher, and 
the increases are less marked. The increase is barely 
detectable in the case of blackgrass, presumably because, 
since the food reserves carried by the seed are limited, 
photosynthesis assumes its importance very soon after 
emergence. It is interesting to note that the suscep
tibility, to cyanazine, of seven US annual grass weeds 
of maize, has been shown to be inversely related to seed 
size. (Harvey, 1974).

The resistance of all three species, to soil-applied 
cyanazine, increased gradually following the expansion of 
the first leaf, or of" the cotyledons. This is undoubtedly 
an example of the growth-dilution effect in action. It

Iis interesting to note that once tillering has begun, 
blackgrass plaints are only slightly less resistant to 
cyanazine than wheat plants.
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Throughout the experiment, both wheat and blackgrass 
plants proved to be resistant to foliar applications of 
cyanazine, whereas turnip plants were extremely 
susceptible. The susceptibility of both wheat and 
blackgrass plants increased gradually, though blackgrass 
plants were always the more resistant. Turnip plants 
showed a decrease in susceptibility following the third 
leaf stage, but even established seedlings treated ten 
days after the appearance of the fourth true leaf had 
an value, below 0.25kg.ha"^ (Graph 42). Any changes
in susceptibility during this experiment can largely be 
attributed to changes in leaf area and posture. As 
wheat and blackgrass seedlings increase in size they 
naturally intercept a greater quantity of spray solution. 
This effect is enhanced by the tendency of the plants to 
assume a less erect habit. On the other hand, as the 
number and size of their leaves increase, a measure of 
overlapping or shading of one leaf by another will 
inevitably reduce retention of cyanazine by turnip 
plants.

Graphs 41 and 42 demonstrate that the margin of 
selectivity between wheat and blackgrass would only be 
acceptable while either, or preferably both, species 
were in the early stages of growth. This effect of growth 
stage upon selectivity must, partially at least, explain
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the unreliability of cyanazine as a blackgrass killer 

in winter wheat (pages 10 and 19).

The selective toxicity of certain herbicides can be 
attributed to differing patterns of translocation in 
resistant and susceptible species (Kuratle, Rahn & 
Woodmansee, 1969; Rurmidge, 1972). The results presented 
in Tables 74 to 76 and in Graphs 55 to 57 show quite 
clearly that translocation of cyanazine in wheat, black
grass and turnip plants carries the herbicide to all 
parts of the shoot system. There appears to be no evid
ence for its accumulation at any particular site. 
Cyanazine moves most rapidly into those leaves which are 
rapidly expanding and tends to produce higher tissue 
concentrations in stems and young leaves than elsewhere. 
However, older leaves which were almost fully expanded 
at treatment still take up appreciable amounts of cyan
azine, and it is concluded that cyanazine is translocated 
by the transpiration stream in the xylem. The extent of 
metabolism of cyanazine is smallest in leaves which 
have only recently imported the compound (Table 77).
This suggests that cyanazine is not redistributed by the 
phloem following accumulation in older leaves.

The figures relating to the metabolism of cyanazine
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(Table 77) show that metabolism occurs in all three 
species, but at different rates. After 21 days cyanazine
itself accounted for only of the ^^0 in wheat plants, 
It IZ

in turnip plants and &§% in blackgrass plants. None
of the known breakdown products of cyanazine are signif
icantly phytotoxic (Chapman et al., 1968), and so the 
considerable differences between the rate of metabolism 
in wheat and that in blackgrass will have an adverse 
effect on selectivity.

Evidence regarding the translocation of cyanazine 
v/as also obtained from experiments involving water 
culture. Addition of "̂̂ C cyanazine to the culture 
solution led to an accumulation of ^^C in both roots and 
shoots of all three species. Table 79 shows that, 
following removal of the external supply of "̂̂ C cyanazine 
the concentration in the shoots of all three species 
increased over the following five days, whilst that in 
the roots decreased. Translocation into the shoot 
system was hindered by toxicity symptoms, but in general 
less than 10% of the total ^^C content was still in the 
roots of wheat plants five days after ^^C cyanazine was 
removed from the culture solution. The corresponding 
figure for turnip was 20%, and for blackgrass, 6%.
These slight differences in the accumulation of cyanazine 
in the root system of the three species will have only
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a minor, unimportant effect on selectivity.

Thé concentration of cyanazlno in culture solutions 
v/as not changed by a two-day period of water uptake by 
any of the three species '^page l88). Uptake of cyanazine 
is, therefore, strictly linked to that of water. Thus, 
if water uptake is not affected by the presence of cyan
azine in the plant tissues, the amount of the herbicide 
taken up should be directly related to its concentration 
in the culture solution. Graphs 59, 62 and 65 show that 
water uptake appears to be reduced by cyanazine. The 
effect of cyanazine on transpiration was further studied, 
and Graphs 67 to 69 show that the presence of cyanazine 
in the culture solution for one day substantially 
reduced transpiration of all three species. In no case 
did the transpiration rate of treated plants regain the 
level of the control, though substantial recoveries were 
noted for plants treated with sub-lethal concentrations 
of cyanazine. It is interesting to note that even the 
highest cyanazine concentrations, which caused toxicity 
symptoms in the plants, did not fully prevent transpiration 
during the period of the experiment.

Wheat plants- proved to be very much less susceptible 
to cyanazine present in liquid culture solutions, having 
an of 500/ig.l"^ (Graph 58). The ED^^ value obtained
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for blackgrass was 55yWg.l~^ (Graph 6l), while that for 
turnip was only 35/»g.l~^ (Graph 64). The reason for the 
greater reelstano© of wheat is apparent from Graphs 60, 
63 and 66, in which phytotoxicity is related to the 
concentration of cyanazir^e present in the aerial plant 
tissues two days after exposure of the roots to cyan
azine. The concentration in wheat tissues which caused 
a 50% reduction in growth was 1790ng.g"^, substantially 
more than was required to have a similar effect on the 
growth of turnip (370ng.g"^) and blackgrass (295ng.g“^). 
These large differences in susceptibility must form a 
basis for selectivity between wheat and blackgrass in 
the field.

Many of the factors contributing to the action of 
cyanazine have been clarified, and results presented in 
this thesis explain much of the reported unreliability 
of this herbicide. Wheat plants are capable of tolerating 
higher levels of cyanazine in their tissues than either 
of the other two species, and it is considered that this 
accounts for much of the selectivity of the herbicide.
The fact that wheat plants, alone out of the three 
species studied, are incapable of absorbing cyanazine 
from soil above the level of the seed, will increase the 
margin of selectivity under ideal conditions. Under 
such ideal conditions, therefore, blackgrass plants



257

would be destroyed while the surrounding wheat crop 
would suffer little or no damage. However, the results 
presented here indicate that the rang© of conditions 
which can be considered ideal is very limited, and that 
selectivity under conditions outside these limits is 
often unacceptable.

Control of blackgrass plants may be poor if treat
ments are applied to established seedlings capable of 
"out-growing" the herbicide and so preventing the main
tenance of toxic tissue concentrations for a sufficient 
length of time. (The high rate of metabolism of cyan
azine by blackgrass tissues will also hinder the main
tenance of toxic tissue concentrations). Since black
grass seeds can germinate throughout autumn and spring, 
and since herbicide applications during both seasons may 
be complicated by adverse weather conditions, correct 
timing of treatment may be impossible.

Despite its relative tolerance to the herbicide, 
damage to wheat may result if cyanazine enters the plant. 
Environmental conditions which enhance foliar penetration, 
or which encourage the movement of cyanazine into the 
root zone will drastically reduce selectivity. Although 
capable of tolerating relatively high concentrations of 
cyanazine in their tissues, the rapid transpiration rate
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of wheat plants, together with their low rate of cyan
azine metabolism, will enable them to accumulate, and 
maintain, toxic concentrations quite readily if the 
herbicide penetrates the root zone. Shallow seeded 
wheat plants, or crops grbwn in soil with a particularly 
high v/ater content, will be especially prone to this 
increased herbicide damage. Application of cyanazine to 
wheat at the more susceptible early seedling stages may 
also result in crop damage.

Susceptible broad-leaved weeds may prove to be more 
successfully controlled by cyanazine since foliar uptake 
is a major method of entry into these plants. Applic
ation of cyanazine to crops of wheat under dry conditions 
which would hinder soil activity may give satisfactory 
selectivity.

Although there is little to recommend further study 
of cyanazine as a blackgrass killer in winter wheat, its 
foliar activity against broad leaved weeds may prove to 
be of value in the future. Results presented in this 
thesis indicate that further studies of the effect of 
charcoal on plant-herbicide relations, and of the entry 
of herbicides into the sub-surface shoot of established 
turnip seedlings, may yield interesting data.
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