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SUMMARY

This thesis is principally an investigation of the
factors affecting the foliar uptake and translocation of
pesticides with particular emphasis on the influence of
additives on the herbicide aminotriazole. The work was
sub - divided as follows :=-

1. A discussion of the various classes of additives
which may influence foliar penetration and/or translocation
with reference to their mode of action,

2+ An investigation of the influence of adjuvants and
humidity on the uptake of aminotriazole. The findings can
be summarised as follows :-

Penetration of bean leaves (Phaseolus vulgaris var,
Canadian Wonder) was greatly enhanced under high humidity
conditions (10% penetration in 17h at the low humidity level
(LHL) compered with 100% at the high humidity level (HHL) ).
The addition of polyoxyethylene 20 sorbitan monolaurate
(polysorbate 20) to the spray fluid increased penetration on
all occasions at the LHL, The increase obtained was found to
be dependent on the concentration of polysorbate 20, Indeed,
the w/w ratio of aminotriazole/polysorbate 20 seemed to be of
primary importance. A 1/2 ratio appeared to bring about
optimum penetration. The polysorbate 20 itself was not found
to be teken up by the leaf to any great extent (5.4% penstration
in 5h compared with 77.4% of the aminotriazole). The inclusion
of polysorbate 20 at the HHL resulted in an increase in
aminotriazole penetration at low polysorbate 20 concentrations
(0.2-12.8g/1itre) and a non-significent decrease over the
aqueous control at a concentration of 40g/litre. Although
aminotriazole penetration in the presence of polysorbate 20
(6.4g/litre) was increased at the HHL compared with the LHL,
polysorbate 20 penetration was reduced. '

The addition of glycerol to the spray solution increased
aminotriazole penetration on all occasions at the LHL while
at the HHL none of the concentrations tested enhanced penetration.
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A polysorbate 20 plus glycerol combination (6.4g + 0.6éml/litre)
gave the same order of penetration (98.4 and 94.0%5 at the
HHL and LEL respectively, In both cases, penetration exceeded
that obtained with the corresponding polysorbate 20 and
‘glycerol controls.

3. An investigation of the uptake by bean leaves
(2, vulgaris var. Canadian Wonder) of aminotriazole from
humectant-gsurfactant combinations and the influence of humidity
on their effects., The findings can be summarised as follows :-

 Aminotriazole penetration was not greatly influenced by

the addition to the spray solution of dimethyformamide (DMF),
dimethyl sulphoxide (DMSO), ethylene glycol and polypropylene
glycol 400 (PPG 400). Howsver, the addition of polysorbate 20
(0.2 - 1.0g/litre) to spray solutions of the above additives
and glycerol (5.0ml/litre, except for DMF, 50,0ml/litre)
-substantially increased uptake to 80-100% in all cases at
50°10% reletive humidity (r.h.). Sinilar trends were found
vhen a range of polysorbate surfactants (0.2g/litre) were applied
to solutions containing either DMSO or glycerol (5.0ml/litre).
Humidity was found to have a critical effect upen such
humectant-gurfactant combinations. With DMSO-polysorbate 20
the following uptake figures were recorded :< 30%r.h. — 3.1% ;
45210% r.he = 86.8% ; 55-65% r.h. ~ 48.2% and 100%r.h. - 0.3%.
Similar trends were recorded with other combinations. Further
studies revealed that the adverse effect of humidity on DMS0-
polysorbate 20 mixtures could be at least partially overcome
by regulating the DMSO concentration.

4e An investigation of the mode of action of thiocyanate
and iodide in aminotriazole formulations, The findings are
summarised as follows :-

Ammonium thiocyanate (NHASCN) was shown to inhibit
aminotriazole oxidation in two free radical generating systems,
pamely (a) riboflavin photosensitised oxidation, (b) oxidation

by hydroxyl radicals. Evidence from in vitro studies is
presented to show that NHASGN could enhance aminotriazole
performance by being preferentially oxidised within the leaf,
thereby oreventing aminotriazole free radical formation : ~.

and subsequent conjugation with amino acids and other plant

(viii).



constituents. This opens up the possibility of a whole new
range of additives which could enhance translocatioﬁ by
inhibiting free radical reactions. A comparison of possible
inhibitors revealed that iodide and perhaps bromide and
cyanide could be of use in this respect. Asulam was also found to
be oxidised by the two free radical generating systems
mentioned above, Again, the degree of oxidation was decreased
by thiocyanate, iodide and also by ferrocyanide. This would
suggest that additives such as HHASCN may be of wider use than
is at present recognised. In addition to inhibiting free
radical reactions, NHASCN, KSCH, NaSCl, Nal and KI were shown
to have a considerable effect on aninotriazole uptake by bean
leaves (P. wyulgaris var. Canadian Yonder). MgIz, Ca12 and
Ca(SCN), had little effect on uptake.

5. A field investigation into the effects of various
herbicide formulations on bracken control. The findings are
summarised as follows :-

Aminotriazole in the presence of DMSO - polysorbate 20
and polysorbate 20 - glycerol additive combinations was much
less effective in reducing frond densities than the commercial
product (Weedazol TL, aminotriazole + NH 4SCN). This appeared
to be due to the influence of NHASCN on translocation rather
than uptake. The incorporation of NHASCN into an aminotriazole
formulation containing polysorbate 20 + glycerol was more effective
than the commercial formulation although the difference was _
not significant, A study of the overall penetration/translocation
process of aminotriazole in bracken revealed that this could
take two weeks and possibly much longer from penetration of the
fronds to accumulation in the rhizome buds.

The incorporation of NH4SCN into an Asulox formulation
decreased scorching, thus indicating the possible use of
NE SCN in such formulations. However, the results of its
efgect on bracken suppression by Asulox are not yet available.
Nal caused considerable scorching of bracken., Again however,
its effects on bracken suppression by aminotriazole are not

yet available.
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6. An investigation of the uptake of amiro%riazole
by bracken growing in different environments. The results
may be summariged as follows :- v

(1) Penetration of the upper surfaces of bracken pinnules
with thick cuticles was significantly greater than penetration
of pinnules with thin cuticles. This appeared to be due to
the degree of spreading of the spray solutions.

(ii) Penetration of the lower surfaces appezred to be
corrsalated with stomatal density and/or the degree of hairyness.
7. The possibility of using chelates of iron with
siuple sugars such as fructose to overcome iron chlorosis is

discussed. Preliminary results revsaled that a 5/1 molar
ratio of fructose/iron was effective in bringing about iron
uptake by bean leaves (P, wulgarisg var. Canadian Wonder).
The incorporation of polysorbate 20 increased the rate of
‘uptake, ‘

(x)



LIST OF ABBREVIATIONS

8.1, active ingredient

R ' Angstrom
°c ' A degrees celsius (formerly centigrade)
cm centimetre
g gramme
h hour
ha | ' hectare
kg o kilogramne
1 ' litre
m metre
mz : square metre
n | micron
ne microgramme
al microlitre
mg : milligramme
ml millilitre
M _ - mole
P, page
PP. pages
% percentage
b pound
Pesels pounds per square inch
r.h. relative humidity
recryst. recrystallisation
S.D. standard deviation
sec second
sl slight
~ 8ps | species
var.  variety
> : greater than
< ‘ less than
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Chapter One

INTRODUCTION

1,1 THE USE OF ADDITIVES 1IN

HERBICIDE FORMULATIONS

Herbicides are commonly formulated as water soluble
powders and liquids, emulsifiable concentrates, flowable suspension
concentrates, flowable emulsions, wettable powder concentrates,
dust concentrates, field strength dusts, granular products and
fumigants. The major purposes behind formulation are (a) the
dilution of the toxicant to a level which isg toxic to the target
species but which minimises toxicity to other organisms in its
surrounding environment, (b) to enable a small amount of highly
concentrated toxicant to be spread uniformly over a relatively
large area, (c) to bring about maximum efficiency of contact
between the toxicant and the target species.

Any formulation normally contains the toxicant (s) and one
or more of the following : solvents, emulsifiers and carriers.
An additive is a substance or formulation of substances which
when added to a herbicide formulation inereases its effectiveness.
Such effects can often also be found if some component of the A
formulation other than the toxicant is replaced by another, e.g. if
one solvent system is replaced by another (Lawrence and Blackburn,
1963; Hyzak et al., 1969). In this case, the replacement solvent
could be said io have additive properties. Thus, the definition
of an gdditive 1s not a distinct one. Even the classification
of the different types of additives is not well defined, e.g.
dimethyl sulphoxide (DHiSO) is often classed as & penetrant
(Hull, 1970; Kanellopoulos, 1974) although it posesses
considerable humectant properties (Anon, 1968)., Surfactants may
act secondarily as humectants (Currier and Dybing, 1959) while
many have considerable penetrating properties (Price, 1976).



Since this thesis is basically concerned with the use of
additives to improve both the foliar uptake and translocation
of pesticides, the purpnse of this section of the chapter is to
outline the classes of additives used to increase these processes
and to indicate their possible modes of action. This is in no
wvay an attempt to review the literature on the use of additives
but merely to outline the types of compounds used and how they
exert their effects. For the purposes of this discussion, additives
have been clagsifiad as follows : (a) surfactants, (b) humectants,
(¢) penetrants (principally DMSO), (d) inorganic salts,
(e) oils, (f) anti-drift agents, (g) film forming substances,
(h) growth regulators and (i) miscallaneous and formulated
products. Of these, a-d are directly relevant to this thesls
and hence will be dealt with in more detail.

() Surfactants (surface - active agents)

An understanding of the use of surfactants in herbicide
formulations must begin with an appreciation of the properties of
the surfactant molecule. These have been described in
considerable detail by van Valkenburg (1967) and Becher (1973)
and may be summarised as follows :

In general, the surfactant molecule consists of two more
or less distinct moieties, one of which is hydrophilic, the other
being hydrophobic (normally lipophilic). This concept can be

~ 1llustrated graphically as follows :

LIPOPHILIC

HYDROPHILIC (from Behrens, 1964)



Because of the hydrophilic-lipophilic nature of the molecule,

it possesses only limited eolubility in both water and orgenic
solvents. At low concentrations, the surfactant is in true
molecular solution, but because of its hydrophilic-lipophilic
nature, the molecules tend to migrate to surfaces or interfaces
forming orientated monoleyers with the lipophilic portion in
the non aqueous phase. This has the effect of reducing the

high surface energy of the water surface. VWhen a surfactant
exceeds its solubility in a particular solvent, rather than
precipitating out, it forms aggregations called micelles in
which that portion of the surfactant which is compatible with
the solvent is orientated outwards, The surfactant concentration
at which micelle formation begins is termed the eritical micelle
concentration (c.m.c.).

A quantitetive measure of this hydrophilie-lipophilic
nature was developed by Griffin (1949) and called the HIB system
(hydrophilie~lipiphilic balence). EBach surfactant is assigned
its own HIB value with the more hydrophilic ones having the
higher values. A rough approximation to the actual HLB value
may be obtained by observing the behaviour of the surfactant in
water,

Surfactents can be divided into five basie groups
(i) nonionic - so called because they do not form ions in
solution, (ii) anionic - form anions in solution, (iii) cationic-
form cations in solution, (iv) amphoteric ~ show anionic or
cationic properties in solution depending on pH, (v) water
insolubles - they may or may not contain ionic groups. The first
three groups are the most widely used in herbicide formulations.

The gbility to reduce surface and interfaciel tensions,
the formation of micelles and the ELB are all of central
importance in the enhancement of herbicidal activity.

Reductions in surface tension may bring asbout increased
activity by (i) increasing spray retention, although, retention
may be decreased by the addition of a surfactant where the plents
are of naturally high wettability. Such differential responses
may lead to changes in selectivity., (ii) increasing penetration
as a result of increased droplet spreading and the elimirnation
of air films between the sprey droplets and the leaf surface,



thereby increasing the area of direct contact of the spray
solution with the leaf surfece. These points have been well
discussed by Holly (1976)., (iii) inducing stomatal penetration.
The significance of this is still hotly disputed, Babiker (1976)
has discussed the relevant fectors with particuler reference to
its significence under practical field conditions. However, as
pointed out by several authors (Jansen et al., 1961; Foy and
Smith, 1965; Bayer, 1972), the major influences of. surfactants

on herbicide activity are to be found in the range of concentrations
beyond which the greatest changes in surface and interfacial
tensions occur. Freed (1959) showed that different surfactants
which caused the same reductions in surfece tension of
aminotrieazole solutions promoted absorption to widely differing
degrees, Suith end Foy (1967) found no correlation between pH or
surface tension and toxicity of 10 peraquat-surfectsnt mixtures.
In addition, there were indications that interactions between

the paraquat and the anicnic surfactants were occurring. Foy and
Smith (1965) concluded that although minimum surfece tension and
contact angle occurred at 0.1-0.5% for all surfactants, maximum
herbicidal activity was observed at more than 1Oxthat level.
Thus, when surfactant concentrations were greater then 0.1-0.5%
herbicidal enhancement was not correlated with surface tension
lowering, contact angle, observed wettability or initial
surfactant toxieity.

There ig evidence that the herbicide -~ surfactant - plant
interaction may be of a highly specific nature. Morton and Combs
(1969) demonstrated that surfactants with ether linkages were
more effective than those with ester linkages in increasing the
activity of picloram - 2,4,5-T applied to Prosopis juliflors
but both types were equally effective on Guercus virginiesna and
Smilex bona-pox. Wills (1971) demonstrated that MSMA activity
could be enhanced by several polyoxyslkylene glycol ester
surfactents but not by other non-ionic, most anionic and all
cetionic surfactants examined. Similerly, Jansen (1965)
demonstrated very specific surfactant structural requirements for
maximum herbicidal activity. '

Various suthors (Smith et al., 1966; Takeno and Foy, 1974a;
Wyrill and Burnside, 1977) have demonstrated the importance of

- -



HIB in the differential response obtained from surfactants

while more specifically, Linder (1975) proposed that the
biological activity of a herbicide is affected by the oil/water
partition function expressed by the Hansch equation., Surfactants
may modify this equation thereby improving uptake. Sirois (1967)
demonstrated that the relative efficiency of a homologous series
of non-ionic ethylene oxide ether surfactants was correlated with
HIB and shown to be the result of phase distributicn phenomena.

A correlation was also found betwe=n surfactant phytotoxicity
and enhancement in herbicide phytotoxicity which he proposed may
explain the role of surfactants, i.e. the more phytotoxic, the
greater the cellular disorganisation and alteration of cell
permeability to herbicides., Thus, since surfactant phytotoxicity
is a function of HLB, changés in membrane permeability could also
be expected to be a function of HLB. Bland and Brian (1972) found
the uptake of paraquat to be a function of the partitioning of
the surfactant between water and the leaf wax + lipid layer.
Several authors (Buchanan and Staniforth, 1966; Bottomley, 1970;
Haapala, 1970; Healey et al., 1971) have shown that surfactants
are capable of disrupting cellular organisation through their
effects on membrane integrity. Haapala (1970) has proposed that
this may be due to micelles solubilising into the membranse, the
formation of mixed micelles or complex formation with globular
proteins in the plasmalemma. Other more subtle biochemical ‘
effects on the cuticle and underlying tissues may also be possible
(Parr and Norman, 1965). Takeno and Foy (1974b) have demonstrated
that surfactants may solubilise surface waxes while it has also
been proposed that surfactants may induce swelling of the cutin
and/or'dissolve certain cuticular components (Furmidge, 1959;
Jansen, 1964a; 1964ib). Swelling of the cutin could increase the
area of the hydrophilic and lipophilic channels thereby promoting
upteke (Jensen, 1964a; 1964b). Jansen (1964a) has also proposed
that cuticle hydration due to water from a droplet containing

a surfactant being more available to the cuticle may be a
primar& function. Becher and Becher (1969) used the theory of
capillarity to partly explain surfactant effects in a more
mathematical fashion.



Surfactants have also been shown to have direct effects
on translocation., .Bland and Brian (1972) and Brian (1972)
demonstrated that certain surfactants inhibited translocation
although they enhanced uptake while GCorkins (1570) demonstrated
that L!'C}--malelc hydrazide upteke was not enhanced by surfactant
addition, but translocation was.

Holly (1976) lists a number of functions which surfactants
may perform resulting in changes in biological activity. His
discussion however, was based mainly on wettability and spray
retention with respect to selectivity. These points are as
follows with certain additions to points 7 and 9 '

Surfactants may :

1. Increase total spray retention where plant surfaces
are naturally of low wettability.

' 2. Decrease total spray retention where plant surfaces
are naturally readily wettable.

3. Increase spray retention at key sites favourable for
penetration or subsequent damage to the plant. .

4. Increase penetration by increasing the area of contact
with the leaf through greater droglet spread.

5. Increase penetration by increasing the area of contact
with the leaf as a result of the elimination of air films between
gpray droplets and leaf surface.

6. Lengthen the period of penetration by acting as a
humectant, keeping spray droplets moist almost indefinitely.

7. Increase penetration through the cuticle by
(i) acting as a co-solvent, (ii) solubilising surface waxes
or other cuticular components, (iii) bringing about hydration
of the cuticle, (iv) entering the cuticle and bringing about
swelling of the cutin, (v) changing the partition function
between the leaf wax + lipid layer and water.

8. Increase penetration by increasing direct entry through
stomata by lowering the surface tension of the spray solution.

.9, Facilitate movement along cell walls after entry inte
the foliage by (1) lowering interfacial tensions or
(ii) disrupting membrane permeability.

In addition, the following factors have also been put
forward by Currier and Dybing (1959):



(a) Reducing interfacial tension between relatively
polar and apolar submicroscopic regions of the cuticlas.

(b) Interacting directly with the herbicide in some
manner., '

(b) Humectants

Humectants are much less widely used in herbicide
formulations than are surfactants. Generally they are low
molecular weight glycols, e.g. glycerol (Hopp and Linder, 1946;
Holly, 1956; Hughes, 1968; Babiker and Duncan, 1975a),
sorbitol (Smith et al.,, 1959; Babiker and Duncan, 1975a),
ethylene glycol (Hull and Morton, 1971), propylene glycol (Hughes,
1968). In addition, sucrose (Babiker and Duncan, 1975a),
molasses (Fogg, 1948) and polymeric materials such as
polyethylene glycol, polypropylene glycol (Pfeiffer and Stanley,
1959) and polypropylene diol (Hughes, 1968) have been used.

Crafts et al. (1953) have suggested that humectants
may have two major roles :

1. They prevent drying of the spray solution on the
leaf surface thus increasing the penetration time. Gray (1956)
demonstrated that glycerol kept streptomycin in sclution and in
close contact witk the leaf surface. '

2. They become sorbaed by the cuticle thus increasing
its poler nature and compatability with water soluble chemicals.

In addition, Richter (1968) demonstrated that
ethylene glycol could disrupt cytoplasmic membranes, glycerol
had no effect. BEnnis et al. (1952) attributed increased 2,4~D
activity following the addition of 0.5% Carbowax to improved
foliar retention. -

Gonflicting reports have appeared in the literature
on the effectiveness of humectants in enhancing biological
activity (see 3.1). Orafts et al. (1958) have suggested that
toxic dehydration caused by the humectants may hinder absorption
and translocation while Babiker and Duncan (1975b) have suggested
that at low humidity, simply by remaining on the leaf surface,
glycerol may retard penetration while at high humidity, glycerol
penetration appeared to take place.



(¢) Penetrants (principally DMSO)

The rolée of penetrants was reviewed relatively
recently by Hull (1970). The most commonly used is DMSO although
BLO (7 - butyrolactone) and M-Pyrol (N-methyl-2-pyrollidone)
have also shown promise (Hull, 1970).

DMSO possesses a remarkable potential as a solvent
~ for many organic and inorganic chemicals including herbicides
(Eeil, 1965; Brady and Peevy, 1963). In =ddition, it possesses
considerable humectant properties (Anon, 1968). It is reported
as being able to enhance both penetration and translocation
(Keil, 1965; Lapham, 1966; Mussell et al., 1967; Foy et al.,
1972) although the mechanisms by which such effects are achieved
are largely unknown. From the evidence available, Hull (1970)
proposed that concentration was an important factor in the
enhancement of penetration. Although concentrations of about
5% and above have been shown to be phytotoxic, it is at such
concentrations that many of the more dramatic effscts have been
demonstrated, although, he proposes that the destruction of
plasma membranes above a threshold concentration could not in
{tself totally explain its mode of action.

Mussell et al. (1967) suggest that although DMSO kept
2,~D in solution for considerable periods of time, that this
was not the sole factor governing enhanced activity., This would
suggest that perhaps solubilisation of cuticular components may
also be involved, a factor which appearé to have baeen largely
overlooked,

Keil (1965) has suggested that DMSO may promote
transport of the unchanged toxic molety although toxic
decomposition products could form, while in additiomn, it is
possible that interactions may occur between DMSO and herbicide
with the formation of other biologically active compounds. Thus,
the possible modes of action of DM30 are as follows :

1. It could lengthen the period of penetration by
virtue of being (i) a co-solvent of low volatility and
(ii) a humectant,

2. It may solubilise certain cuticular components
and/or plasma membranes.

3. Specific DMSO -~ herbicide - plant interactions

may occur leading to the formation of toxic decomposition

-8 -



preducts and/or Di{SO = herbicide intersctions leading to the
formation of new biologically active materials,

The first two points would seem to hold most promise.

(@) Inorganic salts

~ Inorganic salts have not as yet gained wide acceptance
in herbicide formulations. The most commonly used is probably
amnonium thiocyanate (il ,5CK) which is also used as a contact.
herbicide (Brian, 1976). It is commonly formulated in practice
with aminotriazole where it has been shown to enhance both
penetration (Babiker and Duncan, 1975a) and translocation
(Donnalley and Ries, 1964) although there is also conflicting
evidence., Forde (1966) found it retarded translocation while
Donnalley and Ries (1964) found it to have no effect on
abgorption. In addition, it has on accasion been used in
combination with fenoprop, 2,4,5-T, dichloroprop, 2,4~D
(Robison, 1965; Stritzke, 1972). The mode of action of
NH,SCN will be discussed in detail in Chapter Four.

4

In addition to NH,SCN, a number of other ammonium

4

salts have been tested, including ammonium nitrate (¥H NOB)’

ammonium sulphate ( (NH4)2304), ammonium chloride (WH,Cl) and

ammonium citrate but principally the first two. b
(NH4)2804 is used as an activator for the water

goluble salts of selective contact sprays such as dinitrocresol,

pentachlorphenol and endothal where it buffers the formulation

on the acid side of neutrality resulting in the formation of the

undissociated parent acid which penetrates the leaf more efficiently

(Crafts, 1961). In addition, Aliev (1959) observed improved

waed control and increased maize yields from applications of

3 ad (NH4)2804.7

these appeared to be pH related effects. More recently,

2,4-D containing superphosphate, HHAEO Again
Turner and Loader (1972) demonstrated a synergistic effect of
NHé\IO3 on MCPA and picloram salts. Sodium nitrate (NaNOB) was
shown to be inactive while calcium nitrate (Ca(NOB)Z) wa.s
antagonistic. Several other ammonium salts also exhibited a
synergistic response., Turmer (1976) also showed (NH4)2804 to

increase the activity of dichloroprop, mecoprop, 2,3,6-TBA,



benazolin, bentazon~ and glyphosate. Brady (1970) demonstrated
NH4§03 to increase 2,4,5-T absorption. He suggests that the
depression in pH caused by adding Nh4 3 probably hydrolysed
some of the isooctyl ester to the acid thus allowing entry

by both aqueous and a lipeidal route. Translocation in post
oak (Quercug §tellata) was also enhanced. In other species,
translocation was unaffected.

Wilson and Nishimoto (1975a; 1975b) found that
absorption of lAC-oicloram was increased in strawbsrry guava
by 0.5 and 10% (NH ) SOA’ translocation was unaffected. Other
ammonium salts suyh as nitrate, chloride and dibasic phosphate
also increased absorption while of six sulphates tested, only
(NH ) 4 increased absorption. Suwunnamek and Parker (1975)
showed congiderable activation of glyphosate on the addition
of (NH ) SO4 while almost equal activation was obtained from
ammonium dihydrogen phosgphate, diammonium hydrngen phosphate,
triammonium phosphate and urea., In contrast to these results,

- Terry (1973) observed no useful enhancements in activity between
glyphosate and (NH )2 4> urea or diammonium hydrogen phosphate
on Oyperus rotundug. Babiker and Duncan (1975a), working with
aminotriazole, found its uptake to be enhanced by NHANOB_while
(vm )2304 was without effect., Babiker and Duncan (1975b) found
asulam uptake to be enhanced by urea.

With regard to mode of action of ammonium salts,
the following points have been put forwarg :

1. Enhanced uptake has been demonstrated on many
occasions (Babiker and Duncan 1975a; 1975b; Wilson and Nishimoto,
1975a; 1975b; Turner, 1976).

2. Enhancement in uptake does not necessarily appear
to be due to (i) a drop in pH, (ii) the deliquescent effect
of the salts nor (1ii) a reduction in surface tension, since
most have little or no effect on this parameter (Turner and Loader,
1972; Wilson and Nishimoto, 1975b).

‘ 3. Wilson and Nishimoto (1975b) have proposed that
enhanced activity may be due to a direct and immediate effect
on the absorption pathway while Turner and Loader (1972) have
suggested that enhanced activity is not primarily a result of
increased uptake but possibly enhanced movement through the

mesophyll.
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4. Enhanced stomatal penstration does not appear to be
the major factor involved since in many cases, enhanced
uptake was through astomatal surfaces (Wilson and Nishimoto,
1975a). ‘

5. Enhanced translocation within the conducting tissues
does not appear to be a major factor (Turner and Loader, 1972;
Wilson and Nishimoto, 1975a).

6. Baur et al. (1974) have proposed that the action of
ammonium chloride was in promoting the mixing of internal

tissue water and external water droplets.

(e) Oils

Currier and Dybing (1959) reviewed the early literature
on the influence of oils on foliar penetration while more
recently this has been discussed by Hull (1970) and
Kanellopoulos (1974). They are mainly used as solvents for
herbicides in emulsifiable concentrates, however, many have been
used as additives, elther pure or as oil/water emulsions with
solutions of herbicides, emulsifiable concentrates, wettable
powders, ultra low volume formulations ete. (Kanellopoulos, 1974).
The main types used are petroleum, synthetic hydrocarbon and
silicone and vegetable oils (Kanellopoulos, 1974).

They.have been shown to increass the activity of a range
of herbicides (Jones and Anderson, 1964; Wilson et al., 1967;
Aya and Ries, 1968; Chenault and Wiese, 1969; Preest, 1975)
however, where selectivity is required, increased crop injury
has been shown to result from their addition (Wilson et al., 1967;
Chenault end Wiese, 1969).

Hull (1970) has stated that most work suggests that oils
penetrate principally via the stomata or through minute fissures
in the cuticle, thereby increasing uptake. Oils of low toxlcity
have been shown to enhance activity while those of high toxicity,
although they may enhance uptake, have been shown to reduce
translocation dus to rapld killing of the conducting tissue.

‘A slight toxicity may however be beneficial through inecreasing
protoplasm permeability (van Overbeek and Blondeau, 1954). .
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Enhanced uptake har also been put down to increased wotting of
the leaf surface and the increased lipophilicity of the
herbicide/oil formulation (Kirkwood, 1976).

(£) Anti-drift azents

Rather than by altering the spray equipment or the
spraying procedure, e.g. by using larger nozzles, higher
application rates and altering the height from which spraying
is carried out etc, spray drift can be reduced by the addition
of certain additives to the spray solution. Such compounds are
normally polymeric in nature, e.g. hydroxyethyl cellulose,
eross linked polyacrylates and polysaccharide gums. They are
variously called anti~drift agents, thickening agents, |
particulating agents, deposit buildsrs and spray gell agents.
They reduce drift by minimising the prodﬁctian‘of small droplets
although Suggitt (1966) points out additional advantages of the
unique slow drying and greater leaf retention properties of
hydroxyethyl cellulose thickened sprays. Further detail may
be obtained from Hull (1970).

(g) Film-forming substances

These are designed to bring about filming of the
herbicide formulation on the leaf surface and to increase the
rain resistance of the spray deposit, e.g. amine stearates and
polymeric polysulphides. Amine stearates have been shown to

increase rain fastness and reduce droplet bounce (Amsden, 1962).

(h) Growth regulators

Kinins, gibberellic acid, IAA etc have all been shown
to enhance the uptake and movement of inorganic and organic
sobatances. Their influence on herbicides does not however
appeaf to have been accepted in practice. They are discussed
in considerable detail by Hull (1970).
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(1) Miscal}aneous and formulated products

Several authors (Darlington and Barry, 1965;
Turner, 1972; Babiker and Duncan, 1975b) have demonstrated
the possibility of using chemicals which may injure the cuticle
or epidermis in order to increase uptake, e.g. potassium
ethyl xanthate, tributyl phosphate, trimethyl phosphate,
chloroform etec. A copolymer of vinylpyrrolidinone has been
used to prevent the precipitation of water soluble salts of
ring~substituted aryloxyaliphatic acids (Barker, 1960) while
tribasic amine citrates have been used to preyent the
precipitation of amine salt formulations of 2,4~D and 2,4,5-T
(Warren, 1960) when such herbicides are being used in hard water
areas. Niacin, biotin, ascorbic acid and adanine have been
used to enhance the activity of the ester and triethylamine
formulations of 2,4,5-T. Such miscellaneous additives are
further discussed by Kanellopoulos (1974). In addition, he lists
many of the formulated commercial additives, their trade names,

composition and recommended uses.

1.2 THESIS OBJECTIVES

The object of this thesis is to investigate the use of
additives on the foliar uptake and translocation of herbicides
(mainly aminotriazole (3-amino-l,2,i-triazole) ) using growth
room and in vitro studies initially, in order to gain a
congiderable degree of background information on the behaviour
of both aminotriazole and the additives in relation to the
environment. This was with a view to incorporating some of these
additives into herbicide formulations for the control of bracken.
The relevances of amlhotriazole and bracken are discussed in
Chapter Two. All too often, papers have appeared in the
literature on the use of certain additives in enhancing the
activity of herbicides with seemingly little logical reasoning
behind why the concentration of additive being used is included.

- 13 -



Hence, this is an attempt to put the use of additives on a
more rational basis than is the custom at pfesent, thereby
hoping to reduce variability of responss.

Chapters Two - Four are concerned to a large extent with
the uptake (absorption or penetration) of aminotriazole.
Uptake is defined in these studies as the amount of aminotriazole
which cannot be removed from the leaf surface by a water wash.
This will be a maximum valne as it will include any of the
- chemical which is adsorbed firmly enough to resist washing
(Holly, 1956).

Chapter Two : Penetration of bean leaves by aminotriazole
as influenced by adjuvants and humidity.

This investigation set out to assess the influence of

~ various concentrations of polyoxyethyleﬁe 20 sorbitan monolaurate
(polysorbate 20) and glycerol and their interaction with each
other and with humidity on aminotriazole penetration of bean

foliage under conditions controlled in a growth room.

Chagteg Three : Foliar uptake of aminotriazole from
humectant-surfactant combinations and the influence of humidity

on their effects.

This was an investigation of the influence of a range of
concentrations of several humectants on aminotriazole uptake by
bean leaves, their interaction with polysorbate surfactants and
the influence of humidity on such interactions. Again, this
investigation was carried out under conditions controlled in a

- growth room,

Chapter Four : Mode of action of thiocyanate and iodide
in aminotriazole formulations.

The purpose of this investigation was to assess the effects

of (a) ammonium thiocyanate, other thiocyanate salts, iodide
salts and verious other compounds on the degradation of
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aminotriazole and asulam (methyl (4—aminobenzenesulphonyl)
carbamate.) in certain free radical generating systems, (b)
succaessful inhibitors on aminotriazole uptake by bean leaves

under growth room conditions,

Chapter Five : Field investigations into the effect of

various herbicide formulations on bracken control.

This investigation wes designed to assess the practical
use of aminotriazole formulations developed in Chapters Two -
Four, In addition, preliminary investigations into (a) the use
of ammonium thiocyanate in asulam formulations and (b) the effects
of a wide range of glyphosate (N~ (phosphonomethyl) glyecine )

concentrations were commenced.

Chapter Six : The influence of morphological changes in

bfacken pinnae on the penetration of foliar applied aminotriazols.

This was designed to investigate the influence of the
environment on certain morphological parameters and the influence
of such changes on the foliar uptake of aminotriazole. Such
differences in uptake, if present, could have a congiderable

influence on the activity of aminotriazole.

Chapter Seven : Absorption of iron by bean leaves from

fructose~iron chelates,

It wonld appear that there is a considerable requirement
for a cheap foliar applied iron chelate which might reduce many
of the problems assoclated with foliar sprays as used at presemt.
This was a preliminary investigation to determine in the first
place whether simple sugar/iron chelates, applied to the foliage,
could be taken up relatively efficiently, with a view to
extending: the work by studying their translocation and use

in préctice.
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Chapter Two

PENETRATION OF BEAN IEAVES BY AMINOTRIAZOIE AS INFLUENCED
BY ADJUVANTS AND HWMIDITY

20,1 INTRODUCTION

The penetration of plant foliage is particularly relevant
in the case of foliar applied systemic herbicides and it is
only when this process is fully understeod and turned to
advantage that the maximum effectiveness of applied chemicals
can be achieved (Freed and Montgomery, 1958; Hammerton, 1967).
More efficient penetration of herbicides should ensable less
chemical to be applied, thereby not only reducing costs, but
also perhaps improving selectivity, reducing long term soil
effects and minimising possible envirormental hazards (Foy
and Smith, 1969; Twrner, 1974)e

The cuticle is the first barrier in the penetration
process to be crossed (ven Overbeek, 1956; Martin and Juniper,
1970; Wathana et al., 1972; Babiker and Duncan 1975 b)e
The submicroscopie structure of this layer, the physical
nature of the wax deposits (Silva Fernandes, 1965) and the
turgor of the plant foliage (Fogz, 1947; Hammerton, 1967) ars
21l relevant when considering intimacy of contact between the
spray droplets and the leaf surface and hence are important
in penetration. _

Penetration is also dependent upon the enviromment to
which the plant is subjected, before, during and after
spraying (Caseley, 1974), i.e. conditions such as low
humidity, high temperature and wind which are knowm to hasten
the drying out of spray solutions can curtail penetration
and severely limit the effectiveness of foliar treatments,
including those of herbicides (Riepma Kzn, 1960; Herrett
and Idinck, 1961; Middleton and Senderson, 1965; Hammerton, 1967;

Caseley, 1974)¢
One approach which can bs adopted to improve the



efficlency of penetration of foliar applied herbicides is

o select a guitable enviromment (Erien, 1970). As has been
demongtrated on occasion, this restricts the use of herbicides

to certain geographical regions (Corkins, 1960; Clor et al., 1964)
and also restricts spraying times, e.ge to early morning

(Volger, 1969), Such limitations will inevitebly increase the
cost of the treatment (Colthurst et al., 1966),

A more constructive and versatile approach is to medify
the properties of the spray fluid in order to achieve efficient
penetration (Holly, 1956; Babiker and Dwuncan, 1975 b). This
can be accomplished by incorporating adjuvants such as
surfactants, humectants and other constituents, in an attempt
to modify the envirommental factors and possibly also the
leaf surface barrier itself (Babiker and Duncan, 1975 b)e
Reports on the benefits of including such additives are on the
whole conflicting (Gray, 1956; Holly, 1956; Linser, 1964;
Bebiker and Duncan, 1975 a), However, as work carried oub
in this lsboratory (Babiker and Duncan, 1975 a) and elsewhere
(Holly, 1956) has suggested that the effect of the additives
themselves may be influenced by environmental and other

variables, this aspect was taken into account in the present
study,.

The investigation therefore set out to assess the effect
of polyoxysthylems 20 scrbitan monolourate (polysorbate 203
1Tyeen 20" ~ registered trade mark of the Atlas Chemical
Industry Incorporated) and glycerol and their interaction
with humidity on the penetration of bean foliage (Phageolus
yulgarig var. Capadian Wonder) by eminotriazole (3 - amino -~
19294y = triazole) under conditions controlled in a growth
room, ‘

Aninotriazole was selected for the study because of
(a) its genersl importance as a herbicide, (b) its considerabls
zge on bracken in Britein in the past (Erskine, 1960; Hodgsom,
1960; Kirkwood and Fletcher, 1961) - this is of particular
relevance to the West of Scotland where there is a considerable
bracken population (Hendry, 1958), (c) its known sensitivity
to environmental variables such as humidity and rainfall
(Volger, 1969; Babiker and Duncan, 1975 2) which again mekes
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1t relevant to the wetter climatas in the west. Polysorbate 20
was selected since it is regularly used in similar penstration
stulles (Smith and Foy, 1967; Sharma et al., 1971). It also
has many desirable propsrties such as co-solvency (Mitchell
et al., 1960; Babiker and Duncan, 1975 b), insensitivity to
the presence of hard water (Behrens, 1964), its hygroacopic
nature (Price, 1976) and low inhersat phyboboxicity (St. John
at alo, 1974)s Glycerol was selscted since it also ig
regularly used in penetration studies (Gray, 1956; Holly, 1956)
and has such degirable propsrties as (a) hygroscopic naturs
and (b) lack of surface active properties (Holly, 1956)
enabling itsg effects to be distinguished from those of
surfactants, FPhaseolus vuloarig was selected since again

it i1s regularly employed for hsrbicide penatration studies
(Sargent and Blackman, 1962; Jones and Foy, 1972), it grows
guickly and is easily handled,

2.2  Exgerimental,

22,1 Materials :

' Aminotriazols (3-amino-~1,2,/~triazole) and polymorbate 20
wers purchased from Koch-Light Iaboratories Lid. Glycerol

we.s purchased from British Drug Houses Ltd., Aminotriazole was
recrystallised from absolubts ethanol (Castelfranco et al.,

1963) ¢

2+2,2. Methoda

2e24201 Penatration

Al]l pensiration experiments were performed in a growth
room adjusted to a 16h day length and a temperaturs of 30i3°C.
The plants were germinated in trays of vermiculits and seedlings
selected on the basis of miformity of size and lack of damags.
These were transplented to pots, grown in the same growth
medimm and ultimately troated when 9 ~ 13 days old, when the
primary leaves were fully expanded. The aminotriazols
solutions were placed randomly as discrete droplets (ga 2 nl)
on the upper leaf surface in a total volume of 20 or 40 11/1leat
by means of a 10 ul Eppendorf pipette or in the cases of thoss
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experiments concerning the penatration of both the aminotriazole
and the polysorbate 20 as ca 5 ul droplets in a total volums

of 200 ul/leaf by means of 2 100 1l Eppendorf pipette, The
plants were then elther left expossd in the growbh room or
covered with polythens bags for the duration of the experiment.
The former treatment was referved to as the low humidity levsl
(LHL) and the latter as the high humidity levsl (HHL), .
Enclosing plants in polythens bags may result in a mumber of
changes in the atmoaspheric enviromneat of the plant but the
increass in relative humidity is considered to be the major
factor involved (Sherma et al., 1971). The relative humidity
under bags is expected to approach 100% (Clor et al., 1962).
Preliminary experiments indicated that no changa in
temperature occurs under polythens bags over the duration

of the experiments, For each treatment, 2 minimm of 6 and

a maximum of 16 leaves were traated., Unless stated otherwise,
the timing of the experiments was started after the droplets
had dried off (20-30 minutes after application). On completion
of the experiments, the 20 or 40 nl/leaf and 200 ul/leaf
treatmanta were washad with 10 and 25 ml de-ionised water respesctively
and the washings analysed for polysorbats 20 and/or
aminotriazols, Preliminary experiments had confirmed that
total recovery of both was possidble by this method provided

it was carried out immediately after treatment, In all
treatments, the solutions persisted as discrets droplets

wmtil completion of the experiments, as opposed to spreading
over the leaf surface,

2026202 Inf cs of hunidity on psnetrati

Four sets of experiments were devised for estimating
the role of humidity in penmotration, The experimental
conditions were selected bearing in mind (a) the mmidity
conditions which could prevail in the field during and after
spray:i..ng (Brian, 1966; Fogg, 1947) and (b) field experience
with aminotriazole which demonstrated that its penetration
is greatly influnenced by chengas in atmospherlc humidity
(Volger, 1969; Babiker and Duncan, 1975 a).
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In the first set of experiments the following three sets
of treatments were' carried out:-

(a) Treated plants, after the droplets had dried
(20~30 min) were held (i) at the HHL and (ii) at the LHL for
the duration of the experiment.

(b) Treated plants were initially held at the LHL
followed by varying times at the HHL,

(¢) Treated plants, after the droplets had dried were
initially held at the HHL followed by varying times at the LHL,

In the second expsriment, the following treatments wers
carried outs=—

(1) Plantz were held at the LHL,

(i1) Preconditioned bags were placed over the plants
immediately after treatment, i.s. when the droplets were wet.
(11i) Unconditioned bags wers placed over the planta
immediately after treatment, i,s. when the droplets were wet,

(iv) Preconditioned bags were placed over the plants
after allowing the droplsts to dry (20-30 min),

(v) Unconditioned bags wers placed over the planta
after allowing the droplets to dry (R0-30 min).

For preconditioning, the bags were placed over plants
not employed in the expsriment in order to build up humidity
within the bags prior to treatmsnt. In (ii) and (iii) above,.
the applied droplets remained wet for the duration of the
expariment. In all subsequent expsriments at the HHL only
unconditioned bags were employed and they wsre placed over
the planta after the droplets had dried.

In the third experiment, the following treatments
were carried out:=

(i) Plants were held at the LHL for jh.

(11) Plants were held at the LHL and rewatted after
2h (one rewstting)o

(1ii) Plants were held at the IHL and rewetted at 1h
intervals (three rewettings).

(iv) Plants were held at the LHL and rewstted at
30 min intervals (seven rewettings),

(v) Plants were held at the HHL for 4h.
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Because the aminotriazole solution was applied to the
leaf surface as discrete droplets (c2 2 nl), the rewetting
vag cerried out in a similar manner by placing the water
droplets (gé 2 pl) over the area of the original droplets.

In the fourth experiment, differing concentrations
of aminotriazole (1.5 - 13.5 pg/ul) in a total volume of
20 pl were applied per leaf, After the droplets had dried
out, the plants were placed at the FIL for the duration of

the experiment,

2.2.2,3 Influence of vpolysorbate 20 on yenetration

Three sets of expsriments were devised to investigate
the effects of polysorbate 20 on aminotriazole penetration,
its roles in the process and its interaction with humidity.

In the first set of experiments, aminotriazole
(60.0 ng in 20 pl) was apolied in the presence of a range
of polysorbate 20 concentrations. The experimenfs were

carried out at both humidity levels.,
' In the second set of experiments the following two
sets of treatments were carried oub:-

(a) The polysorbaie 20 councentration wes fixed and
the aminotriazole concentration varied.

(b) Both the polysorbzte 20 and the aminotriazole
concentrations were varied. In some treatments, although
the concentrations of both chemicals were varied, the
aminotriazole/polysorbate 20 w/w ratio was kept
approximately constant (1/2).

Both of the above sets of treatments were carried
out =t the LdL,

In the third set of expsriments the following two
sets of treatments were carried oﬁt:~A _

(2) Aminotriazole (600.0 pg in 200 ul) was applied
in the presence of a fixed polysorbate 20 concentration
(6.4g/litre) and the plants held at the LHL., Aminotriazole
and polysorbate 20 were determined at hourly intervals for 5h.

(b) Aminotriazole (600.0 pg in 200 pl) was applied in
the presence of a polysorbate 20 concentration of b.4g/litre
and the plants held initially at the LEL for 4h. Subsequently,



they were held at both humidity levels for varying periods of
time. Both aminotriazole and polysorbate 20 wers determined,

In both of the above sets of treatments, the timing of
the experiments was from the moment of application of the
toxicant to the leaf,

2e2e2e4 fluence of glycerol on peanetration

Aninotriazoles (60.0 ng in 20 nl) was applied in the
presence of a rangs of glycerol concentrations. The experiments
were carried out at both humidity levels,

2e2¢2+.5 Influenc polysorbate 20 ~ glycero

combinations on penatyation

Aminotriazole (60,0 ng in 20 nl) was applied in the
presence of polysorbate 20 and glycerol.'

In one experiment a fixed concentration of glycerol
(0.3m1/1itre) and a rangs of polysorbate concentrations
(<0.1 ~ 40g/1litrs) were employed with plants held at the HHL,

In a second experiment, fixed concentrations of glycerol
(0.6m1/1itre) and polysorbate 20 (6.4g/litre) were employed,
both alone and in combination. This experiment was carrisd oubt
simultaneonsly at both humidity levels.

In a third experiment, fixed concentrations of glycerol
(0.6n1/1itre) and polysorbate 20 (3.2g/litre) were employed
with plants held at the IHL, Aminotriazole was determined at
varying intervals after application. In this experiment, the
timing was from the moment of application of the toxicant to
the leaf,

2.2.2,6 Polysorbate 20 estimation
Polysorbate 20 estimation was by a modification of the

method of Greff et al. (1965) using dichloramethane to extract
the caloured polysorbate 20 - cobaltothlocyanate complex from
solutlione

R.2+2.7 Aminotriazole estimation
Aminotriazole concentrations were estimated by the



method of Storherr and Burke (1961),

2.20208 Sta(gigtj.cal ana.lggi.g
The data was analysed using the Analysis of Variance
technique to determine significant differences between

treatments, Probability (B)<5% was taken as being significant,

‘ 2,3 RESULTS AND DISCUSSION

2.3.1  Influence of humjditv on penetration

The effect of humidity on aminotriazole penetration was
quite apparent (Table 2,1a)., From the results obtained it
would appear that in arid regions, low humidity could impose
a gserious limitation on the use of aminotriazole, Similar
conclusions have been drawn for other herbicides (Clor et al.,
1964)0 In humid regions as well, variations in humidity could
reasult in variable penstration, producing erratic performances,
This is particularly relevant to high rainfall areas ag has
been observed with many herbicides (Hamerton, 1967) including
aminotriazole (Holroyd et al., 1970),

Since attempta to build up humidity in advance by
employing preconditioned bags resulted in only negligible
differences in penstration compared with their non-preconditioned
equivalents (Table 2,2) this approach was discontinued, It
would thus appear that humidity develops fairly rapidly under
polythene bags.

With regard to the actual role of humidity in penstration
the following points deserve special mention: (a) with plants
held a2t the HHL, penetration from initially dry droplets was
approximately twics that from wet droplets (Table 2.2),

(b) by transferring plants from the LHL to the HEL, increased
penetration occurred even though the droplets had dried out
initially (Table 2,1b), (c) rewetting the treated area with
de-ionised water (30 min intervals) at the IHL resulted in a
substantial increase in penetration (29.,6% compared with 12,5%
where no rewetting is involved)e This is still well below the
figure achieved in the same period at the HHL (75.6%) (Table 2.3).

These points, in agreement with other studies (Prasad
ot al., 1967; Sharma and Vanden Bornm, 1970) suggest that
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Table 2.1 Influence of humidity on aminotriazole penetration.
Aminotriazole application rate - 60.0 ng/leaf,

Treatment I«IQIS& Mean% SDb
(ng) penetration (%)
() Plants held at either the HHL® or the IAL for the
duration of the experinent (assessed after 17h)
HHL 0.0 1000 0.0
IBL 54,00 10,0 el

(b) Plants held initially at the IHL for varying times,
followed by varying times at the EHL (assessed after 2.5h)
IEL(h) HHL(R)

205 - 56,2 bul 50l;
2,0 05 5443 965 12,6
165 1.0 4562 2.6 1646
1.0 1.5 431 28,2 3.2
0.5 2.0 24,8 5847 3.8

- 2.5 172 a9 942

(¢) Plants held initially at the HHL for varying times, followed
by varying times at the IHL (assessed after 2.5h)
HHL(h) IHL(h)

2¢5 - 1264 794 10,3
2.0 005 17.0 71.6 114
1.5 1.0 2343 6102 174
1.0 105 30,1 49.9 643
065 2,0 31.6 IARY3 1847

- 25 5765 42 3.8

Mesn quantity of aminotriazole left on the leaf surface
Stendard deviation (n=1 degrees of freedom)

High humidity level

Low humidity level

& 0 o P




the enhancement of herbicide penetration by numidity can be
attributed only inApart to a slower rate of droplet drying.
‘Other factors such 2s the effects of hunidity on the leaf
surface barrier e.g. cuticular hydration (van Overbeek, 1956;
Pragad et al., 1967) end its effect on the water continuum

of the plent (Lynch and Swest, 1971) and hence the availability
of the agueous route (Crafts, 1964) could be envisaged as
playing a key role in penetration. Thie would appear to be
relevant bearing in mind that aminotriazole is taken up by

an aqueous route (Crafts, 1964).

Table 2,2 Influence of the state of droplet drying on
aminotriazole penetration. Aminotriazole
application rate — 60,0 ug/leaf (assessed after 2h).

Treatment MQLs® Mean% sp®
(ng) penetration (%)

Plants at the 5662 6ol 6,0
ard
Droplets wet (bags  41.7 3045 8.5
preconditioned)
Droplets wet (bags  40.2 33.0 1101
not preconditioned)
Droplets dry (bags 11.9 8062 19.3
preconditioned)
Droplets dry (bags 9.0 85,0 1204

not preconditioned)

‘a Mean quantity of aminotriazole left on the leaf surface
b Standard deviation (n~1 degrees of freedom)
d Low humidity level :

An additional factor contributing to amirotriazole
penetz}ation is the lowering of concentration which could
result from rewetting or the presence of wet droplets

 (Tables 2.2 and 2.3). The effect of concentrating the solution

was most obvious when plants previously held at the IHL and

-25 -



therefore with dry droplets were transferred to the HHL
(Table 2.1b), This presumably favours the formetion of
relatively highly concentrated films of solution on the

leaf surface as has been reported in the case of other
chemicals (Middleton and Sanderson, 1965). This argument
seems to be supported by the increased upteke noted
following an increage in aminotriazcle concentration

(Figure 2.1). An increase in uptake with increasing
concentration suggests that wmore chemical will be absorbed
by the foliage as the agueous droplets dry out. However,

it would appear that the droplets dry out too quickly under
low humidity for this effect to be noted in practice or to be
of practical value as penetration was shown to cease or become
very slow from solid deposits (Table 241).

Table 2.3 Influence of rewetting on aminotriazole penetration

4 with plants held at the low humidity level.
Aminotriazole application rate —~ 60,0 ng/leaf
(assessed after 4h).

Treatment MQIS® Meand 5P

- (ng) penetration (%)

No rewetting 5265 1265 3ok
One rewetting 5108 ‘ 13,6 20k
Three rewettings 9.6 1763 302
Seven rewettings 4262 29,6 505
Plants at the HHEL®  14.6 7546 505

a Mean quantity of aminotrlazole left on the leaf gsurface
b Standard deviation (n~1 degrees of freedom)
¢ High humidity level

A point of practical interest which arises from this work
is that, other points being equal, if low humidity is followed
by high humidity, an increase in the efficiency of aminotriazole
penetration results. Therefore, an application between mid-day
and evening when the humidity is likely to change from low to
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Figure 2.1 The effect of concentration on aminotriazole
penetration assessed after 2:5h with plants
held at the high humidity level.  (The
curved lines on either side of the computed
best straight line are the 95% confidence
limits) '
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high during the night (Fogg, 1947; Brian, 1966) may be more
advantageous than applying the chemical in the early morning
(Volger, 1969) when the reverse is likely o oceur. Tt should,
however, be pointed out that penstration will always be greater
under high humidity. Under low humidity, the chemical will tend
to crystallise out on the leaf surface., Recrystallisation will
deplste the concentration of herbicide in solution and so
curtail penetration,

Ro302 Influenca of polysorbate 20 on penstretion
At all concentrations tested, polysorbate 20 enhanced

penetration at the IHL (Table 2.,4a). The lowest surfactant
concentration (0.2g/litre) gave the smallest increase over the
aqueous control (9,8%) followed by increases of greater than
70% with polysorbate 20 concentrations covering the range

3,2 - 12,8g/litre. An apparent reduction in the degree of
enhancement of penetration was noted at a concentration of
40g/litre,

Thils differential response to polysorbate 20 concentration
was more obvious when the experiments were carried out over a
shorter time interval and using slightly different surfactant
concentrations (Table 2./b).

A glightly modified pattern of response to increasing
polysorbate 20 concentration was observed at the HHL, An
enhancement in penstration (>40%) was noted for the concentration
rangs 0.2 — 3.2g/litre (Table 2.4c). In a subsequent experiment,
where the polysorbate 20 concentration was varied over a wider
range, the same pattern of response was found to hold at low
surfactant concentrationa (0.2 and 3.2g/litre) while an apparent
decrease in the degree of enhancement (non~significant) was
noted at higher surfactant concentrations (6.4 and 12.8g/litre).
At a concentration of AOg/litra, penetration was even lower
(by 12.2%) than for the agueous control (Table 2.4d). The
decrease in penetration observed with increasing surfactant
concentration corresponds to a similar pattern of behaviour
which has beer noted in practice with other chemicals
(Corkins, 1960; Black and Wilson, 1969).

The difference in response to surfactant concentration



Table 2.4 Influence of polysorbate 20 on eminotriazole

penetration. Aminotriazole application rate =

60,0 ng/leaf,

Polysorbate 20 MQLs® Mean % sp?
(g/1itre) (ng) penetration (%)

(2) Plants held at the IHIY (assessed after 4h)
0e0 5004 16,0 307
062 b o5 25.8 841
302 4e2 93,0 564
WA 3.8 93,7 19
12,8 563 9004 1.8
4000 9.9 8305 203

(b) Plants held at the 1grd (assessed after 2h)
0.0 5504 | 7.7 305
02 53409 1002 5.9
0.8 ‘ 50063 v 1601 3ok
(SA 33.0 ' 4540 7.0
40,0 2ok 42,6 1549
80,0 4366 2764 7.6

(¢) Plants held at the HHL® (assessed after 2h)
0,0 28,9 5169 17,0
06 1.8 97.0 2.9
0ok 0.8 ' 98,6 163
0.8 1.7 9742 167
1.6 363 9%e5 2.8
362 3.1 9% o8 1ok

(d) Plants held at the BHL® (assessed after 2h)
0.0 1541 o9 13 ek
002 17 97.1 2e4
3.2 6.8 88,7 AN §
604 9.9 8345 6.9
12.8 1245 7941 3.0
40,0 22,4, 627 10,0
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Polysorbate 20 1qIs® Mean% spP
(¢/ li’ﬁre) (ng) penetration (%)

(e) Selected concentrations of polysorbate 20 (based on results
obtained previously at the HHL® and the IHL ) (assessed

after 2h)
0,0° 1105 80,9 1663
~ 0,0% 5549 6.8 507
0.20 2.3 96,1 0.3
0.2 52,3 12,8 7.2
604° o3 92.8 18
WA 23.9 60,2 13.9

Mean quantity of aminotriazole left on the leaf surface
Standard deviation (n ~ 1 degrees of fresdom)

High humidity level

Low humidity level

B o o 0
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was quite apparent when the penetration of aminotriazole at
two surfactant concentrations (0.2 and 6.4g/litre) was
compared at. both humidity levels, Both surfactant treatments
gave comparable increaseg in penetration over the aqueous
controls at the HEL while at the IHL the degree of enhancement
with the higher surfactantconcentration was more than eight
times the fignre obtained with the lower surfactant
concentration (Table 2.4e).

When the polysorbate 20 concentration wes fixed at
3°2g/litre and the aminotriazole concentration varied between
3000 and 720.0 pg in 20 il (Table 2,5a), the percentage
penstration of aminotriazole was reduced from 78.3% at the
lowest aminotriazole level (aminotriazole/polysorbate 20 ratio
of 1/2) to 20.,6% at the highest level (aminotriazole/polysorbate
20 ratio of 12/1) and aminotriazole recrystallisation was noted
in -the 180,0 - 720.0 ng range, However, when the ratio of
aminotriazole to polysorbate 20 was kept approximately constant
(1/2), similar penetration figures were obtained irrespective
of the aminotriazole concentration (Table 2,5b) and no
recrystallisation was obgerved, In addition, in all cages
* where & 1/2 aminotriazole/surfactant ratio was compared againgt
the equivalent aminotriazole concentration but the original
polysorbate 20 concentration (3.2g/litre) the differences were
significant.

These results suggest that solubilisation of aminotriazole
in the surfactant plays a key role in penetration. This is
supported by various reports on other herbicides (Black and
Wilson, 1969; Bebiker, 1976). In addition, these findings
indicate that the ratio of herbicide to surfactant is of
central importance to the process of penetration and could
be responsible, at least in part, for the conflicting reperts
which have appeared on herbicide - surfactant interactions.

When aminotriazole (600.0 ug in 200 ul) in 6.4g/litre
polysorbate 20 (1/2, aminotriazole/surfactant ratio) was
applisd to plants at the IHL (Figure 2.2) and both the
aminotriazole and polysorbate 20 measured at hourly intervals,
the results brought out several points:—
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Table 2.5 Influence of the aminotriazole/polysorbate 20
w/w ratio on asninotriazole penetration with
plents held at the low humidity level,

Aminotriazole applied in a volume of 20 pl/leaf.

ATA®conen, ATA/Polysorbate 20 MyLs® Mean % b

Sh
(pz) ratio (approx.) (ng) penetration (%)

(a) Polysorbate 20 concentration fixed at 3.2g/litre (assessed
after 2.5h)

30 1/2 6.5 78.3 5.5
60 /1 25.7 57.1 18.9
120 21 54,6 5445 13.6
180 3/1 138.6 23.0 14,7
24,0 : 4/l 171,1 28,7 10.7
360" 6/1 322.6 10.4 11,6
7208 12/1 571.1 20.6 16.1

~ (b) Both the aminotriazole and the polysorbate 20 concentratioa

varied (assessed after 2h)

30 1/2 6.3 79.0 9.9
120 1/2 37.4 63.3 19.5
120 2/1 71.5 40.4 15.8
180 1/2 51,7 71.3 14.8
180 3/1 130.7 27.4 13.4
240 1/2 - 99.6 58.5 20.1

240 L/ 179.0 25.4 8.7

Mean quantity of aminotriazole left on the leaf surface
Standard deviation (n-1 degrees of freedom)
Aninotriazole

Necrosis around sites of application

m H 0o o P

Severe necrosis around sites of application
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The surfactant was not taken up at a comparable rate
to the aminotriazole as has been shown to occur for other
pesticide/surfactant combinations (Price, 1976). Only 5.4%
of the polysorbate 20 was taken up compared with 77.4% of
the aminotriazole after 5h, Thus, under the experimental
conditions employed here, the polysorbate 20 could not be
envisaged as acting as a medium for transporting the
aminotriazole across the cuticle., This slow penetration of
the polysorbate 20 would seem to support the findings of
Smith and Foy (1966) who showed that its penstration into,
and subsequent movement within gseveral plant species was low.
However, this does not ezclude the possibility of the small
percentage of polysorbate 20 entering the leaf having a
considerable effect on aminotriazole penetration by
(a) inducing swelling of the cubin and/or dissolving certain
cuticulzr componants (Furmidge, 1959; Jansen 1964a, 1964b)
thersby increasing permeability, (b) solubilising into plasma
membranes (Sirois, 1967), (c) more subtle blochemical effects
on the cuticle or underlying membranes (Parr and Norman, 1965),
() other, perhaps more specific, herbicide/surfactant
interactions (Freed and Montgomery, 1958).

The other possibility does exist, however, that the
small amount of surfactant entering the leaf is purely
incidental to the aminotriazole penetration process and that
the main functions of the polysorbate 20 are to (a) reduce
surface tensions (Xirlkwood, 1976) and remove air films between
. the spray droplets and the leaf surface (Currier and Dybing,
1959) thersby helping to establish contact between the droplets
and the water continumum of the plant (Babiker and Duncan, 1975b)
and possibly promote stomatal pemeiration (Currier and Dybing,
1959), (b) prevent aminotriazole recrystallisation after the
loss of the volatile carrier (water) by acting as a cosolvent
 and subsequently to enable diffusion of the aminotriazols
from the surfactant to the water continuum of the plant.

In addition, it can be seen from the graph of aminotriazole
penetration (Figure 2,2) that there is a lag in penetration
over the first 3h and in particular over the first 1h after
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Figure 2.2

Influence of time on aminotriazole
and polysorbate 20 penetration from an
aminotriazole/polysorbate 20 formulation

~with plants held at the LHL, Polysorbate

20 conc 6-4 g/litre. Aminotriazole
application rate 6000 ug/leaf in 200 ul.

Aminotriazole

]
!

Polysorbate 20
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treatment, This would seem to be correlated with the
observation that over this 3h period the spray droplets
were slowly drying out., Between 3 and 4h there is a surge
in penetration which again would seem to be corrslated with
the observation that by this stage the droplets were present
as films, presumably mainly of polysorbate 20 and aminotriazole.
Between 4 and 5h there is a noticeable decline in the rate
of penetration. This could result from the depletion of the
aminotriazole concentration ag absorption procseds. Similar
results have been reported by Middleton and Sanderson (19%5)
using inorganic ions.

When the penetration of both polysorbate 20 and
aminotriazole were compared at both humidity levels (Table 2.6)
it was found that there was no significant difference in
- polysorbate 20 penetration after 6h at the IHL compared with
4h at the LHL followed by 2h at the HHL, Aminotriazole
penetration was, however, significantly greater in the latter
treatment. The same pattern of response also applled over 9h
at the LHL compared with 4h at the IHL followed by 5h at the
HHL, However, after 26h at the LHL, significantly more
polysorbate had penstrated the leaf compared with 4h at the
IHL followed by 22h at the HHL although the same trend of
significantly greater aminotriazols penstration at the HHL
remained., This increase in polysorbate 20 penetration was
accompanied by considerable damage to the leaf around the
application sites. Thus it would appear that the polysorbate
20 was in some way disrupting the leaf tissus and in this way
gaining entry. The reason for the greater amount of damage
at the IHL could be that the polysorbate was in the form of
a more concentrated film on the leaf surface compared with
the HHL, It has been shown to be capable of retaining more
than 50% of its own weight in water at 95% relative humidity
(Price, 1976).

It would therefore appear that the enhanced penetration
of aminotriazole at the HHL is not due to any effects of
inereased polysorbate 20 psmetration but more probably due to
the effesct of huridity on the leaf surface barrier and in
particular the water continuum of the plant (Lynch and Sweet,
1971) and hence the availability of the aqueous route (Crafts,1964) o

- 35 -



Table 2,6 Influencs of hunidity on polysorvate 20 penetration
and the subsequent effect on aminotriazols penetration.
Polysorbate concentration 6.4g/litre., Aminotriazole

~application rate - 600.0 ng/leaf,

Trestment Polysorbate 20 SDb Aninotriazols SDb
penetration (%) (%) penetration (2) (%)

4n ard 8.5 301 5305 8.2
th AL

+ 2h HAL : 7.6 508 8204 - 341
6h LHL Tol, 48 4649 10,6
4h IHL |

+ 5h HAL 13,7 640 882 301
9h LHL 1002 303 631 67
fhIBL

+ 22h HHL 1703 30k 9766 0u3
26h 1HLY 29,5 649 90,3 7.7

Standard deviation (n~1 degrees of fraedom)
High humidity levsel

Low humidity level

Necrosis around sites of application

B0 o

Slight necrosis around sites of application

Thus, the differential response in penetration to
surfactant concentration and the effects of humidity on this
response (Table 2.4 ~ 2.6) may be attributed to the complexity
of the penetration process and the diverse roles of the surfactant
in the process. The net result could be considered as a balance
of many factors including (a) solubilisation of aminotriazole in
the surfactant, (b) a dilution effect which will becoms more
apparent at higher surfactant concentrations, (c) depletion
of concentration as absorption proceeds leading to a fall in
the rate of penstration, (d) establishment of contact between
the spray droplets and the water continuum of the plant,

(e) increasing the permeability of the cuticle without necessarily
penetrating the leaf, (£) partitioning of the aminotriazole
bstween the surfactant and the leaf surface,

- 36 -



The significance of the contribution of some or all
of these factors could vary under low and high humidity
conditions thus leading to the differences in penetration
response noted here at both humidity levels.

203¢3 Influence of glyeerol on panetration

Aaminotriazole penetration was enhanced in the presence
of glycerol at the LHL, Increases of between 1.3 and 31.,5%
compared with the agueous control were noted in the presence
of a range of glycerol concentrations (Table 2,7a). Ths
increase obtained decreased markedly with increasing glycerol
concentfation. At the HHL, dilute glycerol solutions
(0ot = 1o3m1/1itre) resulted in comparabls or slightly reduced
penetration (Table 2,7b), while in the case of more concentrated
glycerol solutions (2.5 - 15,0ml/litre) reduced penetration
occurred compared with the agusous control (Table 2.7c),

2304 Influence of polysorbate 20 - glveero

conbinations on penetration

The addition of a range of polysorbate 20 concentrations
(01 = 6.4g/1itre) to a fixed concentration of glycerol
(0.3m1/1itre) at the HHL resulted in increased penetration
(>30%) compared with the aqueous and glycerol controls
(Table 2.8a), However, this increase was reduced to 11.3%
at a high surfactant concentration (40g/litre).

A study of the interaction between polysorbate 20
(6.4g/11tre), glycerol (0.éml/litre) and their combination with
humidity (Table 2.8b) revealed that (a) penetration was always
significantly greater at the HHL when compared with the
corresponding treatment at the LHL, (b) the greatest difference
in penetration between the twe huidity levels occurred with
glycerol (53.5%), (c) only a minor difference in pemetration
(4o4%) occurred bstwesn the two humidity levels in the case
of the polysorbate 20 ~ glycerol combination. On this occagion
penetration appeared to be less affected by humidity than in
other treatmentse.

The findings with glycerol and polysorbate 20 - glycerol
combinations suggest that the role of glycerol in aminotriazole
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Table 2.7 Influence of glycerol on aminotriazole penetration,
Aminotriazole application rate = 60,0 pg/leaf,

Glycerol MQIS® Mean? sp®
litre) (ng) penetration (%)

(2) Plants held at the IHLS (assessed after 2h) .
000 5902 193 206

0.6 4043 32,9 1847
Re5 4264 2904 5.8
540 | bhro5 25,9 . 603
1060 5203 12,9 1065
1540 5804 2.6 3.0
(b) Plants held at the HAL® (assessed after 2h)
0.0 3.2 Wo'? 7.0
001 , 4e0 9344 5¢5
0.2 3.5 %o 607
003 81 86,5 1407
0.6 8,8 8564 9¢8
1.3 . 1904 67.6 13,0
(¢) Plants held at the HHL® (assessed after 1.5h)
0.0 39,0 35.0 13.6
2.5 5102 1467 302
5,0 55,6 7.3 - 3.7
- 7e5 541 948 Lo
10,0 55,7 7ol 5.7
1500 5305 1068 1202

Mean quantity of aminotriazole left on the leaf surface
Standard deviation (n - 1 degrees of freedom)

' High humidity level
Low humidity level

& 0 O P




penetration is algo the resultant of many interacting varisbles,
Glycerol at low humidity will solubilise aminotriazole preventing
recrystallisation and should aid penetration compared with the
aqueous controls where the loss of the volatile carrier (water)
is readily apparent., However, this advantage may be negated by
the following (a) a dilution effect (see polysorbate 20 above),
(b) glycerol may dehydrate the cuticle thus disrupting the
plant water continuum which could affect the agueous route and
thereby hamper penetration (Crafts et al. 1953), (c) simply
by remaining on the leaf surface, glycerol may reduce
aminotriazole penetration. The continued presence of carrier
on the leaf gurface has been shown to hold back toxicants
(Hartley, 1966). Penstration in this case can be envisaged
as being a function of the equilibrium distribution ratio
of the toxicant between the carrier and the leaf surface
(Hoskins, 1962). Such advarse effects due to glycerol would
be expected to increase at higher concentration levels, At
high humidity cuticular dehydration and the significance of
glycerol as a solubiliser of aminotriazole will both be leas
important while the dilution effect will increage, However,
thess argunents need not necessarily hold in the presence
of a surfactant as the results here indicate (Table 2.8).
The following explanation can be given for this (a) the
surfactant will prevent or minimise disruption of the plant
water continwm (Ashton and Crafts, 1973), (b) it will reduce
the surface energy and thus may facilitate glycerol
penetration which could in turn bring about increased
aminotriazole penetration throngh its effect on leaf
permeability (Gray, 1956), (c) more subtle interactions
betwesn glycerol and polysorbate 20 or between them and
other components of the system cannot be ruled out at this
stage, ,

When aminotriazole was applied in the presence of
fixed concentrations of both polysorbate 20 and glycerol
and measured at varying time intervals (Figure 2.3), the
trends were very similar to those in Figure 2,2 with a lag
in penetration over the first O.5h, & surge over the nexbt
0.5h followed by a decline in the rate of penetration over
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Table 2,8 Ianfluspce of polysorbate 20 - glycerol combinations
on aminotriazole penetration. Aminotriazole
application rate ~ 60.0 ng/leaf,

Polysorbate 20 Glycerol MALS® Mean$ sp®
g/litre) (m1/1itre) (ng) penetration (%)

(a) Plants held at the HHL® (assessed after 2h)

0.0 0.0 2309 60,1 22.0
0,0 | 0.3 2349 60,1 160,
0o 0.3 2.5 9548 9.0
0.2 003 1.1 98.1 3ek
6of 0.3 1.9 96,8 2.9
40,0 003 17,2 714 507

(b) Plants held at both humidity levels and run simultaneously
(assessed after 2h) :

604° 0,0° 302 ST 2.8
64> 0.0 15.7 7348 11,6
0.0° 0,6° 16,0 734, 61
0.0% 0,63 /841 1949 10,1
604° 0,6° 1,0 98.4 1.9
6u42 0062 3.6 940 2.7

Mean quantity of aminotriazole left on the leaf surface
Standard deviation (n - 1 degrees of freedom)

High humidity level

Low humidity level

po ooP
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Figure 2.3 Influence of time on aminotriazole
penetration in the presence of a polysorbate
20 (3-2 g/litre)-glycerol (06 ml/litre)
combination, with plants held at the LHL.
Aminotriazole application rate 60:0 _ug/leaf

in 20 nl.
100 _
_ T
l 11
-] |
. 60 | : T
o
: |
o
P
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the final 2Zh, The reasoning behind this would appear to be
as for the previoﬁs figure (see 2.3.2), In this case, the
lag was much shorter than before. This could be due to the
difference in droplet size, ca 2 pl in tnis case compared

~ with ga 5 1l in the previous exercise and/or differences in
temperature and humidity,

From the experimental evidence obtained here, i1t would
appear that aminotriazole penetration is a resultant of many
interacting factors, some of which can be brought at least
partially under control by means of additives. The study
guggests that additives can perform several functions, some
of which may be antagonistic. In addition, the results point
out that the efficisncy of additives is affected by their
concentrations and their interaction with environmental
variasbles such as humidity. It would seem that the latter
factor can be brought at least partially under control by
ineluding a combination of additives (Table 2.8b). 4
polysorbate 20 - glycerol combination would appear to be
an oubtstending possibility in this regard. The effects
of such treatments on translocation, gelectivity and field
nerformance of aminotriazole will be evaluated in Chapter

Fivee




Chapter Three
FOLIAR UPTARE OF AMINOTRTAZOLE FROM HUMEGTANT-

SURFACTANT COMBINATIONS AND THE INFLUENCE OF
HOMIDITY ON THEIR EFFECTS

3.1 INTRODUCTION

As with other additives, considerable controversy has
appeared in the literature over the use of humectants such as
glycerol, ethylene glycol and dimethyl sulphoxide (DMSO) as
additives to improve the foliar uptake of herbicides (Lapham,
19663 Brady and Peevy, 1963; Hull. and Morton, 1971; Shellhorn
and Hull, 1971; Jones and Foy, 1972; Jones and Evans, 1973;
Babiker and Duncan, 19752; 1975b)e Although DMSO is often
classed apart from other humectants as a penstrant (Kanellopoulos,
1974}, it does possess considerable humectant propsrties
(Anon, 1963). Hull (1970) has suggested that the conflicting
behaviour observed for sprays containing DMSO may be due in
part to the concentration of DMSO employed, while Babiker and
Duncan (1975b) have suggested that variations in humidity may
eccommt for the conflicting results observed for glycerol.

The previous chapter revealed that glycerpl could enhance
aminotriazols penatration although the effect was concentration
dependent; at higher concentrations, reduced and sometimes
negative effects were observed. In addition, the combination
of glycerol with polysorbate 20 was often more beneficial than
using solely the humectant, This investigation initially set
out to agsess the influence on aminotriazole penetration of

(a) DMSO, at various concentrations, (b) DMSO -~ polysorbate 20
combinations and (e¢) humidity in the presence of DMSO -
polysorbate 20 combinations. However, it was later extended

to include certain other industrial high boiling point
humectants and solvents i.e. dimethyl formamide (DMF), glycerol,
ethylene glycol and polypropylene glycol 400 (PPG 400) and other
polysorbate surfactants. Consequently, the DiS0-polysorbate 20
combination has been studied in more detail.
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A1l experiments were carried out under growth room
conditions using'bean plants (Phaseolus vulgaris var.
Canadisn Wonder) as the test spacies. Aminotriazole,
polysorbate 20, glycerol and Phageolus wvulgaris wers selected
for the reasons previously described in Chapter Two., DMS0 was
selected for study because (a) it possesses a remarkable
potential as a solvent for many types of inorgeanic and organic
compounds including organic herbicides (Keil, 1965; Brady and
Peavy, 1968), (b) it is reported as being able to facilitate
both penetration and translocation (Iapham, 1966; Mugssll et al.,
1967; Foy et al., 1972) and (c) it is very hygroscopic (inon,
1968), DMF was chosen for study since it hag similar properiies
to DMSO and is often used where a solvent with a slow rate of
evaporation is required (Anon 1968)., Ethylene glycol was
selected because it is commonly used asz an industrial solvent
and hiumectant (&non, 1968) and has been used in penstration
studies (Hull and Morton, 1971). PPG 400 was chosea for study
because it is non volatile (inon, 1971) and in the monomeric
form 1s often used as & substitube for ethylene glycol and
glycerol (Anon, 1963). |

3,2 EXPERTMENTAL

36201 Haterials

Aminotriazole, polysorbate 20, glycerol and Fhageolug
yulgarig were as previously described (see 2.201)s Polyoxyethylens
20 sorbitan monopalmitate, polyoxyethylene 20 sorbitan monostearate,
polyoxyethylene 20 sorbitan mono-oleate and polyoxyethylens 20
sorbitan trioleate (polysorbate 40, 60, 80 and 85 respectively;
"Tyeens 40, 60, 80 and 85" ~ registered trade mark of the Atlas
Chemical Industry Incorporated) were purchased from Koch-Light
Laboratories Itd. DMSO and PPG 400 were purchased from British
; Drug Houges Ltd. DMF and ethylene glycol were pubchased Trom

Hopkin and Williams Itd.

'3,2.2 Mathodg
3e2.2.1 Penetration

A1l penetration experiments were performed in a growth
+
roon adjusted to & 16h day length and a temperature of 30- 3%.
The plants were germinated, selected, treated and washed as
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previously deseribed (see 2.2.2.1), In all treatments, a total
volume of 20 nl vas applied per leaf, The solutions again
persisted as discrete droplets as opposed to spreading over the
leaf surface, Unless otherwise stated, humidity was maintained
et 50° 10% relative humidity (r.h.).

In one experiment, plants were either left exposed in the
growth chamber (approx, 30% r.h.) or covered with polythene bags
for the reasons previously described (see 2.2.2.1), {1003 r.h.).

In the studies concerning the effect of humidity on
surfactant-humectant combinations, large desiccators containing
phosphorus pentoxide, sodium hydrozide pellets, magnesium
nitrate and water were used to maintain the hunidity within the
desiccators at prescribed levels. This was monitored using
Figcher Type 111 hair hygrometers contained within the
desiccators. A& few hours prior to the commencement of these
humidity studies, bean plants were transferred from pots to
small conical flasks containing water. These were tThen sealed
off around the stem of the plant at the moubth of the flask
using sealing tissue (Gallenkamp Ltd; "Parafilm") to prevent
evaporation from the flask as this tended to saturate the
atmosphere despite the desiccants, Two plants were placed in
each desiccator which was then sealed and left until the
humidity had equilibrated. (It was found that using more than
two plants per desiccator greatly reduced the extent to which
hunidity could be controlled).

On equilibration of the humidity, plants to be used
in the experiment were treated and two were immediately placed
in each of the four desiccators to replace those used to
equilibrate the environment i.e, four replicates per treatment.
The humidity'did tend to fluctuate at change~over, bub
re-equilibrated within approximately 15 min.

In all other experiments, eight or temn leaves per
treatment were used and unless otherwise stated, the timing
of the experiments was from the moment of application of the
toxicant to the leaf, Termination of the experiments was to
some degres arbitrary althongh it was generelly taken as the
point when the majority of the droplets in the experiment
as a whole appeared to have dried out. In some treatments,
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there was considerable variation in penetration, this would
appear to be linked with the observation that droplets (even
on the same leaf) tended to dry out at considerably differing
rates, Thls was more obvious at some humidity levels than
others,

Large differences betwesn results observed following
application of the standard aqueous aminotriazols solubion
can be explained in terms of slight variztions (a) within
the hunidity rangs employed, (b) in plant age and (e) in
growing conditions prior to treatment,

3626242 Influence of humechants oﬁ penetration

Aminotriazole (60,0 or 180.0 pg in 20 nl) was applied
in the presence of a range of DMSO, DMF, ethylene glycol and
PPG 400 concentrations,.

302.2.3 Influence of hiumectant-zurfactant

combinations on penetration

1. Aminotriazole (60,0 or 180.0 pg in 20 pl) was applied
in the presence of DiiS0, ethylene glycol, FPG 400 or glycerol
(5,0m1/1itre) or DMF (50,0m1/litre) and a range of polysorbate 20
concentrations (002~1,0g/litre) and 0.2-5.0g/litre for DMSO,

2, Aninotriazole (130,0 ug in 20 ul) was applied in the
presence of DMF (50.0m1/litre) or DMSO, ethyleme glycol, FPG 400
or glycerol (5,0ml/litre) and/or polysorbate 20 (0.2g/litre).

3, Aminotriazols (180.0 ng in 20 ul) was applied in the
presence of DMSO or glycerol (5.0m1/1itre) and one of a range
of polysorbate surfactants (0e2g/1itre),

, 4o Aminotriazole (30.0-240.0 ng in 20 ul) was applied
in the presence of DHSO (5,0m1/litre) and polyserbate 20
(0.2¢/1itre) o

34R.2.4 Influence of humidity on peneiration from
' hmectant~surfactant combinatio
1. Aminotriazole (180,0 ng in 20 ul) was applied in

the presence of DMSO, ethylene glycol or PPG 400 (5.0m1/litre)
and polysorbate 20 (0.2g/litre) to plents held under differing

humidity regimes.

- 46 -



2, Aminotriazole (60,0 rg in 20 nl) was applied under
the following treatment schemeg:-
(1) In the presence of DMSO (5.0m1/litrs) and polysorbate
20 (0.2g/iitre) and the plants placed under polythene bags
when most of the water had evaporated from the droplets.
(1i) In the absence of the above additives and the
plants placed under polythene bags when most of the water had
evaporated from the droplets.
(1i1) In the presence of DMSO (5, 0nl/litre) and polysorbate
20 (0.2g/1itre) and the plants left exposed in the growth
chamber,.

30242,5 Influence of a range of DMSO-polysorbate 20
combinationg on venstration and the
inflinence of humidity on them
1o Aminotriazole (180.0 mg in 20 ul) was applied in
~ the presence of a range of DMSO concentrations (0,0-50,0m1/1itre)
and polysorbate 20 (O,Zg/litre)o
2. Aminotriazole (60,0 ng in 20 nl) was applied in the
" preaence of a range of DiSO concentrations (000—5O.Oml/litre)
end polysorbate 20 (3.2g/litre).
3o Aminotriazole (180,0 ng in 20 nl) was applied in
the presence of a range of DMSC concent:ations (000—1OO.QnL/litre)
and polysorbate 20 (0.2g/litre). Humidity was meintained at

BHO% rOhO)Q

3,202,6 Aminotriazole estimation
Aminotriazole concentrations were determined by the method
of Storherr and Burke (1961).

3.2.2.7 Statistical analysls

Analysis of the data was carried out as previously
deseribed (see 2.2.2.8).

- 47 -



3.3 RASTLTS AND DISCUSSION

3.301 Influence of humectants on penetration

3.3.1.,1 DMSO

Deapite the variability encountered, aminotriazole
penetration was significantly enhanced at the 1.0, 5.0 and
10.0m1/1itre DMSO levels, There was no gignificant difference
in penetration between the lowest and highest DMSO levels
(0.1 and 50,0m1/1itre) and the aquecus control (Table 3.1a).

3030102 Ethvlens plveol
A%t none of the concentrations tested did ethylene glycol

significantly enhance eminotriazole penetration, At the
50,0n1/1litre level, penetration at 14.9% was significantly
lese then for the aqueous control (33.8%) (Table 3.1b).

3036103 DME

Only at the highest DMF concentration employed (50,0m1/litre)
wa.s aminotriazole penetration significantly enhanced, but even
then, penetration was only 28.1% compared with 18.4% for the
aqueous control. (Table 3.1c)e

334104 EEG 400

Lgain, despite the veriability enccuntered, penetration
wes significantly enhanced from 41.1% to 78.9% at the 10.0ml/litre
level while at the 50.0ml/litre level, as with ethylene glycol,
penetration was again reduced, to 18.2% (Table 3.1d).

From the above results and observations, the following
points can be drawni=- _ A

1o In many of the treatments, the droplets appearsd to
have dried out and recrystallisation of the aminotriazecle was in
evidence, Thus, further penetration under these conditions would
be minimal éa penetration has been shown to cease or proceed
very slowly from solid deposits (see 2.3.1)e

2. Although the droplets were still wet and no
‘recryatallisation of the aminetriazole appeared to have occurred
at the 50m1/litre levels of DMSO, ethylene glycol and PPG 400,
there was no significant difference between this level of DMSO
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Tablé 3.1 Influence of humectents on aminobriazole penetration.

Hunecta 0183 D c
@/l G () B e,
(a) DMSO arad application rate 180,0ug/leaf (assessed
: after 1,5h)
0.0 16002 11,0 76 dry, recryste
0,1 15902 1164 606 ~ dry, recryste
1.0 111.4 33,1 26,0 dry, recryst.
540 9569 4667 1408 dry, recryst.
10,0 11062 38,8 1963 dry, recryste
50,0 14801 1747 11,7 wet, no recryshe
(b) Ethylens  ATA application rate 180,0ug/leaf (assessed
Zlycol ‘after 5h)
0.0 119.2 33.8 11,9 dry, recryst.
1.0 116,6 35.2 18,0 dry, recrysto
500 1156 35.8 13.6 dry, recrysto
10,0 103.7 L2 o4, 13.0 dry, recryste
50,0 153.2 149 7.8 wet, no recryste
(¢} DMF ATA application rate 60.Quz/leaf (assessed
after 2.5h) |
0.0 49.0 1804 8o5 dry, recryste
1.0 4648 22,0 10.0 dry, recrysto
5.0 4842 19.7 6.3 dry, recryét.\
10,0 43¢6 27.4, 1140 dry, recryste
. 50,0 431 28,1 6.3 dry, recryst.
(@) PPG_400 ATA application rate 180.0pg/leaf (assessed
after 3.5h)
0.0 106,0 4101 28,8 dry, recryst,
1.0 6602 6342 37.0 dry, sl. recryst.
5.0 5909 66,7 1.1 dry, sle. recryst.
10,0 38,0 7869 8.8 dry, sl, recryste
50,0 1472 18.2 703 wet, no recryst,’

Mean quantity of aminotriazole left on the leaf surface

Mean penetration
Standard deviation (n - 1 degrees of freedom)

Aminotriazole

=TI ¢ I «
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and the agueous control while in the case of ethylene glycol
and PPG 400, there was a significent reduction in penetration
compared with the aqueous controls. The following points were
previously put forward to explain this in the case of glycerol
(see 2.3.4) and would appear to hold in this situation. The
golubilisation of the toxicant by the humectant is negated by
the following (a) a dilution effect which will beccme more

~ obvious at higher humectant concentrations, (b) the humectant
mey dehydrate the cuticle, thus disrupting the plant water
continuum which could affect the agueous route and thereby
hemper penetration and (¢) simply by remaining on the leaf
surface the humectant may hold back aminotriazole penetration.
Thus, penetration can be envisaged as being a function of the
equilibrium distribution ratio of the toxicant between the
carrier (humectant) and the leaf surface.

However, these experiments were conducted under controlled
environmental conditions and over short time intervals,
Therefore, these adverse effects might be lessened if the
experiments were carried out over much longer time intervals;
furthermore, under natural conditions, variaticms in humidity
could lead to the possibility of humectant psnetration at high
humidity or loss of water at low humidity, thus altering the
equilibrivm distribution ratio between the carrier and the leaf

surfacs,

36302 Influencs of humectent-gurfactant combinationg
on penetration
Similar patterns of response were found for all humectants
tested when applied in the presence of a range of polysorbate 20
combinations (Table 3.2).

In the caas of DMF, the addition of 50.0ml/litre brought
about no enhsncement in penetration over the aqueous control
while the additiom of the surfactent to the DMF brought about an
approximate six—fold increase in the percentage penetration over
both the aqueous and humectant controls (Table 3.2a), The
addition of ethylene glycol (5.0ml/litre) brought about no
significant enhancement in penetration over the aqusous control,
however, the inclusion of the polysorbate 20 brought sbout a
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Table 3.2 Influence of combinations of humectants and polysorbate 20

- on aminotriazole penetration,

- Humectant P20° Qrs? PP c .
(a/1ttre)  (eflitre)  (og) @ @ apaerance
(a) DMF amad application rate 60.0pz/leaf (asseased after 2h)

0.0 0.0 510 1500 12.5 dry, recryst.
5060 0.0 51,5 1402 5.2 dry, recryst.
5060 0.2 504 91.0 504 dry, no recryste
5000 0.6 760 88,3 10,2 dry, no recryste
50,0 1.0 761 8841 2,7 dry, no racryst,

(b) Ethylene ATA application rate 130,0ng/leaf (assessed after 3.5h)
glveol . ‘

0,0 0,0 121.3 32.6 12,0  dry, recryste

500 0.0 116,3 3504 10,8 dry, recryste
5.0 0.2 846 95,2 8,2 dry, no recryste
5.0 0.6 6.5 9644 Lob6  dry, no recryst.
5.0 1.0 Le5 97.5 0,6 dry, no recrysto

(¢) PPG 400 ATA application rate 180,0pg/leaf (assessed after 2.5h)
' 0.0 0.0 13965 2245 9.9 dry, recryste.

5.0 0.0 83.0 5349 17,0  dry, recryste

5.0 002 272 8449 7.3 dry, no recrysto
5.0 0.6 22.1 87.7 15.8 dry, no recryst.
5.0 1.0 18,0 90,0 6.6 dry, no recryste

(@) Glycerol ATA application rate 180.0pz/leaf (assessed after 2.5h)

0,0 0.0 16447 8.5 6.6 dry, recryst.
5.0 0.0 15901 11.6 2.4 dry, recryst.
5.0 0.2 6.7 9643 3.1 dry, no recryst.
5.0 0.6 18,7 89.6 11.6 dry, no recryst.
5.0 1.0 21.2 83,2 9.5 dry, no recryste

(e) DMSO ATA application rate 180.0pg/leaf (assessed after 1h)

5.0 0.0 139.0 22.8 6.3 dry, recryst.
540 0.2 8.6 9502 2.5 dry, no recryst.
540 0.6 Le3 97.6 2,0 dry, no recryst.
5.0 1.0 5.0 972 Le7 dry, no recrysto
5.0 3.0 6.3 9605 2,3 surfactant film,

v no recryste.
. 5.0 5.0 157 91.3 9.8 surfactant film,

no recryste
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Mean quantity of aminotriazole left on the leaf surface
Mean penetration

Standard deviation (n - 1 degrees of freedom)
Aminotriazole '

Polysorbate 20
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three~fold enhancement over both the aqueous and humectant
controls (Table 3.2b). The addition of PPG 400 (5.0ml/litre)
to the solution significantly enhanced penetration while the
addition of the surfactant further increased its effect
significantly (Table 3.2¢). The addition of glycerol
(5.0m}/litre) to the solution did not significantly enhahnce
aminotriazole penetration, however, the further addition of
polysorbate 20 brought about an approximate eleven-fold
increase in percentage penetration over the aqueous control
and an eight-fold increase over the glycerol control (Table 3.2d).
In the case of DMSO where a slightly different approach was
adopted in that the DMSO control was compared with DMSO
combined with a wider polysorbate 20 range it was found that
all DiSO~polysorbate 20 combinations brought about an
approximate four-fold enhancement in percentage penetration
over the DMSO control (Table 3,2e).
In each case (Table 3.22 - e), penetration from these

humectant-surfactant combinations was always within the

80 - 100% range while the level of surfactant employed did
not appear to be critical as there were no significant
differences over the surfactant ranges employed.
| When combinations of polysorbate 20 (0.2g/litre) with
DMF (50.0m1/1itre}, ethylens glycol, FPG 400, glycerol or
DMSO (5.0m1/litre) were compared with the effects of the
additives individually (Table 3,32 - e} it was found that the
effects of the combinations were more than additive over the
individual effects of the surfactant and the humectant in all
cases except DMSO-polysorbate 20 where the effect was
approximately additive.

When a renge of polysorbate surfactants (polysorbate 20,

40, 60, 80 and 85) (0.2g/litre) were combined with DMSO
(5.0m1/1itre) (Table 3.4a), each DMSO-polysorbate combination
significantly enhanced penetration over the IMSC control by a
factor of approximately four. In all cases, penetration for
these combinations was in the 90-100% range and there were no
significant differences between the combinations, A similar
pattern of response was found for glycerol-polysorbate 20
combinations (5.0ml + 0.2g/litre) (Table 3.4b) where an
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Table 3.3

in combination, on aminotriazole penetration,
Aminotriazole application rate 180,0pg/1eaf,

Influence of humectants and polysorbate 20, alone and

Hiurmectan e oIS? b c
(ma:ln/ l?.trZ) (g/ iigre) 1(I ﬁg 1\(1:72) &2}%) apggziﬁze
(a) DMF (assessed after 2,5h)
0.0 0.0 170.6 562 6.1 dry, recryst.
000 002 13545 2L 47 18,5 dry, recryste
50,0 0.0 16304 9e2 605 dry, recrysto
50,0 002 457 Vo6 18.4  dry, sl. recryst.
(b) Ethylene (assessed after 2h)
glycol
0.0 0.0 180,0 0.0 0,0 dry, recryste
0.0 0.2 17349 EIVA 4e9 dry, recryst.
5.0 0.0 136.8 2400 12,5 dry, recryst.
5.0 Go2 5503 69.3 16,8 dry, sl. recryst.
(¢) PPG 400 (assessed after 3h)
0.0 0.0 180,0 0,0 0.0 dry, recryste.
060 0.2 13063 2706 24,2 dry, recryst.
5,0 0.0 1508 16,2 21,8 dry, recryst.
5.0 0.2 36,2 799 21,4 dry, sl. recryst.
(d) Glyesrol (assessed after 2h)
0.0 0.0 175.3 2.6 3.6 dry, recryst.
0,0 0.2 178.6 0.8 2.4 dry, recryste
500 0.0 153.0 15.0 5.4 dry, recryst,
50 0.2 5145 T1el 11e1 dry, sl. recryste
(e) DMSO (assessed after 1.5h)
0.0 0.0 162,7 9.6 7.2 dry, recryst.
0.0 062 125.5 3063 21,2 dry, recryste
5.0 0.0 10363 42.6 16,7 dry, recryst.
5.0 002 38,3 787 22.3 ary, sl. recryste
Meéin quantity of aminotriazole left on the leaf surface
Mean penetration
Standard deviation (n - 1 degrees of freedom)
Polysorbate 20

o o0 o @
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Table 3.4 Influence of combinations of humectants and various
polysorbate surfactants on aminotriazole penetration.
Aminotriazole application rate 180.0ng/leaf,

Humectent Surfactant  MIs®  wp®  spC Droplet

(m1/1itre) (0.2¢/1itre) (pg) (2) (% appearance

() DMSO (2ssessed after 2h)
5.0 - 139.7 22.4  11.6 dry, recryst.
5¢0 polysorbats 20 50d 97,0 2,0 dry, no recryste
5.0 polysorbate 40 1064 962 3.7 dry, no recryst.
5.0 polysorbate 60 9eR 9.9 3.9 dry, no racryste
5.0 polysorbate 80 502 97.1 1.8 dry, no recryste
560 polysorbate 85 EA 08,1 0.8 dry, no recryst.

(b) Glycerol (assessed after 3h)
500 - 13069 273 12,9 dry, recryste
5.0 polysorbate 20 7ok 95,9 0.7 dry, no recryst.
5.0 polysorbate 40 1943 8943 6,7 dry, no recryst.
5.0 polysorbate 60 18.9 89.5 3.0 dry, no recryst.
5.0 polysorbate 80 22.3 87.6 12,8 dry, no recryst.
540 polysorbate 85 6.7 9643 1s1 dry, no recryste

a Meen quantity of aminotriazole left on the leaf surface

Mean penetration

Standard deviation (n - 1 degrees of freedom)
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approximate threeffold increage in penetration over the
glycerol control was achieved, In all cases, penetration
from these combinations was- in the 85-100% range,

An hteresting responge was noted when aminotriazole
(30,0-240.0 pg in 20 1) was applied in the presence of fixed
concentrations of DMSO (5.0ml/litre) and polysorbate 20
(0o2g/1itre) (Table 3.5). Percentage penetration rose
significantly from 56.8% at the lowest aminotrizzole level
to >90% at the two highest levels (180.,0 and 240.0 ng in 20 nl).
In turn, this meant that the actual amount of aminotriazole
being taken up by the leaf rose constantly throughout the
range of concentrations applied. However, the amount

remaining on the leaf surface remained quite constant,

Table 3.5 Influence of aminotriazole concentration on
penetration from a DMSO-polysorbate 20 combination
(5.0m1 + 0.2¢/litre}. Aminotriazole applied in a
volume of 20n1/leaf. (Assessed after 2.5h).

arad mors®  upP o Droplet

conen(ng) (ng) (2) (%) appearance
30 1340 5668 9e3 dry, no recryst.
60 1204 7963 8.0 dry, no recryst.
120 . 16,0 8647 7.6 dry, no recryst.
180 12,2 93,2 560 dry, no recryst.
240 17.0 92,9 6.9 dry, no recryst.

Mean quantity of aminotriazole left on the leaf surface

Standard deviation (n~i degrees of freedom)

a
b Mean penetration
c
d Aminotriazole
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3e5¢3 Influence of humidity on venetraticn froa

humeetant—surfactant combinationg

The effect of humidity on aminotriazole uptake from
humectant~surfactant combinations was, despite a certain
amount of variability, quite obvious (Table 3.6). In the
case of DMSO-polysorbate 20 (Table 3.62), at low humidity
(«30% r.h.) the droplets appeared to dry oub quite quickly
(0s5h approx.) and substantial recrystallisation occurred.

On completion of the experiment, penetration at this hunidity
level was very low (3.1%). At a slightly higher humidity level
(45102 ruh.) the droplets remained moist for a much loager
period and there was no indication of recrystallisation on
drying, and on completion of the experiment. Penetration
at this level was considerably greater (86.8%)., At 55-65% r.h.
' penetration was again reduced (42.2%).. In this case, some
droplets had dried out (no recrystallisation) while others
still appeared quite molst., This, as was suggested earlier
(see 3.2.2.1), may help to explain the variability encountered.
At 100% r.he all droplets appeared quite moist and penetration
was negligible (0.3%). |

Similar trends in penetration and observations on the
gtate of droplet drying and recrystallisation to the above
were also found for ethylene glycol (Table 3.6b) and FPG 4CO

(Table 3.6¢).

- In the above three cases, it was shown that at the
highest humidity levels employed (80~100% r.he approx,) the
spray droplets remained quite moist and penetration was
negligible, However, it was shown for DMSO-polysorbate 20
(Table 3.6d) that, if most of the water wes allowed to
evaporate off from the droplets and the plents were then
quickly enclosed within polythene bags where humidity would
be expected to approach 100% relatively quickly (see 2.3.,1),
penetration was quite substantial (850.4%) whereas a similarly
treated aqueous control showed considerably less uptaks
(32.1%). In addition, plants treated with the seme DMSO-

" polysorbate 20 combination and left exposed in the growth
room (30% r.h, approx.) showed considersbly less uptake

(30.0%) than their equivalents under bags.
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Table 3.6 Influence of humidity on the effect of certain combinations
of humectants (5.0nl/litre) and polysorbate 20 (0.2g/litre)
on aminotriezole penetration., Aminotriazole applicétion

rate 180,0pg/leaf,

Humidit MQLS® 1PP 8¢ Droplet
(% Tobd (ng) () @ apposzance
(a) DMSQ (asmessed after 2.5h)
< 30 174k 361 ok  dry, recryst.
35=55 23.8 8648 12,1 dry, no recryst.
55~65 93,2 4862 35.5 dry/wet, no racryst.
- 100 17965 0.3 0.5 wet, no recryste
(b) Ethylene glycol (assessed after 3.5h) |
<30 1654 81 6.6 dry, recryste
L0-60 3068 82.9 2.6 dry, no recryst.
50-70 6203 65.4 26,5 dry/wet, no recryst.
80-90 17543 2e6 3.9 wet, no recryst.
(¢) PPG 400 (assessed after 4h)
30-40 173.0 3.9 7.8 dry, recryst.
40-50 1365 92.5 3,0 dry, no recryst.
60-30 1ok 83,1 5.6 dry, no recryste.
90-100 17569 2¢3 4«0 wet, no recryst.

(d) DMSO (assessed 1.5h after most of the water had evaporated
from the droplets) Aminotriazole application rate

60,0pg/1leaf,
DMSO p20° MQLS
(ml/1itre) (g/litre) (ng)
5.0 0.2(100% r.li.) 8.8
0.0 - 0.0(100% r.he) 4047
002(~30% r.he) 42,0

5.0

MP
(%)

8544

32,1

30,0

SD
(%)
10,0
1305

1241

Droplet
appearance

dry, no recryst.

sl. wet,
sl. recryste.
dry, recrysto

e 0 o ©

Mean penetration
Standerd deviation (n - 1 degrees of freedom)
Polysorbate 20

Mean quantity of aminotriazole left on the leaf surface
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3e364 Influence of 8 range of DIiSO-polvsorbate 20

combinations on penetration ag influenced
by humidity

The results in Table 3.7(2-c) indicate that the adverse
effects of humidity can to some extent be overcome by varying
the DMSO concentration. The results depicted in Table 3.7(a)
and (b) working at 50-10% r.h. revealed several points:-

1e The addition of a fixed level of polysorbate 20
to a range of DMSO concentrations (1.0-50,0ml/litre)
demonstrated that although the concentration of polysorbate 20
within the range studied was not critical (see 3.3.2), the
DiMSO concentration was. |

2, The results in Tables 3.7(a) and (b) showed similar
trends in increased aminotriazole penetration, opbimising at
DMSO levels of 5,0-10,0m1/litre, despite using different
polysorbate 20 and aminotriazole concentrations — the DMS0

concentration range being the only constant factor.

4 3. A significant reduction in penetration was observed
at the 50,0m1 DMSO/1itre level over the 2h period employed
(droplets appeared moist)e

The results of Table 3.7(c) on the other hand, obtained
working at a lover humidity level (30-40% r.h.) and over a
longsr peried of time (5h) revealed that the combination
containing 50,0ml DiS0/litre brought about significantly
higher penetration than the 5.0 and 10,0m1/1itre levels, the
optima in the previous two tables. At the 100ml/litre level,
penétration had decreased glightly and there was considerable
contact necrosis.

A point vhich arose from these results was that the
optimum enhancement in aminotriazole penetration was leas
obvioua at the higher polysorbate 20 concentration when DMSO
combinations were compared with the surfactant controls
(Table 3.7(a) and (b). At the low polysorbate 20 concentration
(0.2g/1itre) considerable recrystallisation took place. This
was not the case at the higher lavel (3.2g/litre). This would
tend to support previous findings (see 2.3.2) which suggested
that solubilisation of the aminotriazole in the surfactant
plays a key role in penetration,
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Table 3,7 Influence of a rangs of DMSO~polysorbate 20 combinations

on aminotriazole penetration and the effect of humidity

on then.
DMSO P20° 1nIS? PP sp® Droplet
* - ° p e
(m1/1itre) (g/1itre) (ng) %) (%) appearance

(a) Aminotriazole application rate 180.0ug/lsef,
(assessed after 2h), 50-10% r.h, |

0,0 0.2 14409 19.5 19.1 dry, recryste

0,1 0.2 81,1 5005 31,1 dry, recryste

1.0 0.2 110.9 3384 30,0 dry, recryst,

5.0 0.2 3604 7908 11,8 dry, sl. recryst.
10,0 0.2 1547 91,3 3.8 dry, no recryste
50,0 0.2 65.5 6306 18,6 dry/wet,

no recryste
(b) Aminotriazole application rate 60.0ng/leaf,
(assessed after 2h), 50=10% rohe

0.0 3.2 21.7 63.8 31.5 surfactant £ilm,
. o no recryste
0.1 342 12,7 78.8 18,1 sgurfactant film,
. ' no recryste
1.0 302 907 8399 1404 surfactant film,
: no recryste
500 302 204 9690 107 surfactant film,
, : no recrysto
10.0 3.2 o 5.0 91.7 505 surfactant film,
no recrysta

50,0 3.2 13.8 77.0 10,0 dry/wet,

no recrysto
(e) Aminotriazole application rate 180.0ng/leaf.
(assessed after 5h), 30-40% rohe

0.0 0.0 176.9 1.7 1.9 dry, recrysto
5.0 0.2 4608 740 18.4 dry, sl. recryste
10.0 0.2 33.5 8144 9.4 dry, sl. recryste
50.0 0.2 10.3 9%e3 1.9 dry, no recryste
100.0% 0.2 21,8 87.9 5.7 dry, no recryst.

Mean quantity of aminotriazole left on the leaf surface

Mean penetration
Standard deviation (n-1 degrees of freedom)

Polysorbate 20

H o 0 U p

Severe contact necrosgis
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3.4 CONCLUSIONS

From the experimental evidence obtained here, it would
appear that under the conditions employed in this study,
penetration is not greatly influsnced by the addition of
humectants to spray solutions of aminotriazole. However,
the additional inclusion of a surfactant brought about
substantial increases in penetration ower both the aqueous and
hunectant controls, This effect seemed to apply equally to a
range of humectant-polysorbate surfactant mixtures. The
increased penetration following the addition of the aurfactaat
could be due to a reduction in surface tension. Thisz could
influence the penetration of the humectants themselves which
could, in turn, increase cell membrane peramsability (Gray, 1956;
Hull, 1970). The alternative hypothesis is that the humsctants
do not penetrate the leaf bubt merely act as co~solvents,
maintaining the aminotriazols in solution while the surfactant
encourages better contact between the spray droplets and the
water continuum of the plant, thereby encouraging partitioning
 of the aminotriazols into the leaf (ses 2.3.2). UHowever, in
many cases, in particular where DMF and DM30 were involved,
it was observed that those droplsts containing humectant-
surfactant combinations appearsd to have drisd out before those
containing only humectants, This suggests that penetration of
the humectant as well as volatilisation may be involved.

The influence of humidity on uptake from these humsctant-
surfacta.nt combinations was found to be quite critical, This
could be explained in terms of the following; at low humidity,
volatilisaticn of thogse humectants which are volatile may take
place more readily than at higher hunidity levels thus leading
fo recrystailisaticn of therto:cicant, while in the case of those
which are non volatile, the droplets may dry down to a highly
viscous residue which may behave essentially like a crystalline
deposit, At high hunidity, the toxicant solution will be
relatively dilute and hence penetration may be curtailed.
Further work at low humidity which involwved varying the
humectant concentration suggested that this adverse effect
might be at least partially overcome by inereasiag the humectant
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concentration although this would require further investigation.
Similarly, under high humidity conditions it might be possible
to enhance uptake by reducing the spray volume and/or introducing
2 more volatile carriesr than water. Reducing the spray volume
would appear to have certain possibilities since ths data in
Table 3.5 showed that efficisncy of penetration could be
increased by increasing the concentration of aminotriazole in
golution or equally reducing the voluma of carrier in which ths
aninotriazole is dissolved, while a2t the same time keeping the
percentage concentration of the humectant and surfactant the
same,

Thus, if one regards the data as a whole the following
suggestions might be made:-

1. At low humidity a relatively high humectant
‘concentration may be requlired for efficient pemetration,

20 At medium and high humidity a low carrier volums

may be required while the humectant concentration can be

- relatively low,

The effects of such treatments on translocation,
seleétivity'and field performance of aminotriazole will again
he evaluated in Chapter Five,




Chapter Four

MODE OF ACTION OF THIOCYANATE AND ICDIDE IN
AMINOTRIAZOLE FORMULATIONS

4.1 INTRODUCTION

Aminotriazole is coamonly us2d in combination with
the contact herbicide ammonium thiocyanate (NHASCN)' This
is probably one of the few truly synergistic herbicide
combinations known (Crafts, 1961). On occasion, NH4SCN
has been used in combination with other herbicides but
with perhaps less dramatic results (Rcbison, 1965;
Greenham, 1970; Stritzke, 1972). Various reasons have
been put forward attempting to explain this synergistic
combination of aminotriazole and NH4SCN although some of
the evidence 1is conflicting., Babiker and Duncan (1975a)
have shown that NH4SCN increases aminotriazole absorption
by bracken, while Donnalley and Riss (1964) found it had
no effect on aminotriazole absorption by quackgrass
regardless of the time of application (i.e. one dey
before, one day after or in combination with the
aminotriazole). However, when applied one day before or
in combination with the aminotriazole, it increased
translocation over aminotriazole alone and NH4SCN
applied one day after. They proposed that the NHASGN
lessened rapid damage to cells at the absorption site,
thereby permitting the foliage to absorb and translocate
over a longer period of time, In contrast to this,
Forde (1966) showed that aminotriazole translocation
from quackgrass leaves was retarded over 12h by NH,SCN,
In agreement with Donnalley and Ries (1944) however,
he suggests that since over a 96h period NH4$CN moved
very little compared with the congsiderable translocation
of aminctfiazole, that the synergistic effect of NHASCN
was at the treatment area, rather than the ultimate site
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of action. This is further confirmed by ven der Zweep (195%5)
who in addition shoﬁed that a more pronounced synergistic
response could be obtained using 6-benzyladenine instead of
Ng, SN, |

The formation of conjugates between eminotriazole and
endogenous plant constituents such 2s zaino acids and sugers
appears to be the major metabolic alteration of aminotriazole
in higher plants (Ashton and Crafts, 1972). Most of these are
less toxic than aminotriazole and their formation can be
considered to be a detoxicztion mechanism (Ashton and Crafts, 1973).
Fowever, Carter (1965) has proposed that the spsed and extent of
aninotriazole transformation indicates that metabolic alteration
probably contributss to the phytotoxicity of the compound and any
change in the rate or extent of metabolic breakdown could lead to
chang=ss in phytotoxicity. One of the major metabolic products
formed has been identified as 3-(3-amino-1,2,4i~trizzole~l-yl)-2-
aminopropionic acid (3-ATAL) (Massini, 1963; Carter, 1965). Its
formation is largely accepted as representing detoxication since
it does not appear to be nearly as toxic as aminotriazole or as
mobile (Massini, 1963). Furthermore, Carter (1965) has shown that
its formation is greatly retarded by the presence of NHASCN. Other
divalent sulphur compounds were tested, but none were as effective
‘as HHASCN (Carter, 1967).

Several authors (Sund et al., 1960; Hilton, 1962; Castelfranco
et al., 1963) have shown that the inhibition of growth and
chlorophyll development caused by aminotriazole can be reversed
if riboflavin or some of its derivatives are supplied to the plant
simultaneously with the aminotriazole. Two hypotheses have been
put forward to explain this :~ l. aminotriazole inhibits riboflavin
synthesis (Sund et al., 1960; Sund and Little, 1960). 2. riboflevin
brings about the destruction of aminotriazole (Castelffanco et al.,
1963).

It has also been shown that aminotriazole can be incorporated
into protein upon incubation with riboflavin in the presence of
light {Castelfranco and Brown, 1963; Brown and Carter, 1968) and
| thét the photochemical riboflavin - light system cen be replaced
by chemical free radical generating systems such as ascorbic acid,

cupric sulphate and molecular oxygen (Castelfranco and Brown, 1963).
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In addition, Carter et al., (1969) found that serise and cysteine
had no effect on tﬁis alkylation of aminotriazole onto bovine
serum albumin, whereas cystine and methionine slightly inhibited
the reaction and NHASCN was strongly inhibitory.

Teken collectively, these points could be envisaged as
pointing towards the role of NHASCN 28 preventing rapid formation
of conjugates at the absorption site, probably by inhibiting free
radical reactions. Riboflavin could be important in this respect
although any number of endogenous free radical generating systems
could be involved. Thusg, this could vermit more efficient
distribution of the toxic moiety from the site of absorption to
the conducting.tissues and hence allow more efficient translocation
to the root system.

Thug, the purpose of this investigation was to assess the
effect of

(a) NHASCN on free radical generating systems which have
been shown to be capable of oxidising aminotriazole, namely
(1) the photochemical riboflavin ~ light system (Castelfranco and
Brown, 1963; Brown and Carter, 1968) (ii) a chemical system :-
ferrous sulphate (FeSOA) - hydrogen peroxide (H202) (Fenton's
Reagent) (Plimmer et al., 1947).

(v) other compounds on these gystems with a view to
incorporating successful ones into aminotriazole formulations for
spraying bracken since results have shown that NHASCN increases
aminotriazole translocation in bracken and reduces its necrotic
foliar toxicity (see Chapter Five). These compounds include
(i) ammonium (NH+) galts - to assess the effect of the NHZ ion,
(1i) thiocyanate (SCN™) salts — to assess the effect of the SCN~
ion, (111) thiocyanate related compounds such as cysnide,
ferricyanide and ferrocyanide salts, (iv) various halide salts,
including iodide (I") salts which are known to inhibit free
radical reactions and in particular, have been shown to inhibit
certain steps in the photodsgradation of riboflavin involving
the flavin triplet state (Weimar and Neinmg, 1975), (v) EDTA -~
which should promote oxidation by acting as an electron donor for
the riboflavin (Merkel and Nickerson, 1954), (vi) é~benzylaminopurine
(é~benzyladenine) which van der Zweep (1965) showed to have a
more pronounced synergistic effect on aminotriazole formulations
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than did NHASCN, agd several organic sulphur compounds which
Carter (1969) showed to have various effects on 3-ATAL
formation in the trifoliste leaves of bean plants.

(c) the aforementioned free radical generating systems on
asulam (methyl (4 - aminobenzenesul;honyl) carbamate) oxidation
and the influence of a range of compounds on them. These include
ammonium salts, thiocyanate and related salts and various halide

2lts. In 2ddition, its rate of oxidation in the riboflavin -
light system was compared with that of aminotriazole with and
without the addition of NHASCN.

(a) NHASCN and other compounds which successfully inhibit
aminotriazole oxidation, on aminotriaszole upteke by bean leaves
(Phaseolus wvulgaris var. Canadian Wonder), to compare their effects
and to measure their rates of foliar uptake. Initizlly, this study
was confined to KI and NH SCN but was later extended to include a
range of iodide and thioc;anate salts.

42 EXPERIMENTAL

4e2.1 Materials

Aminotriazole was as previously described (see 2.2.1).
‘Asulam (methyl (4 - aminobenzenesulphonyl) carbamate) was
purchased from National Physical Laboratory. Riboflavin was
purchased from Sigma London Chemical Company Ltd. All other
reagents were purchased from British Drug Houses Ltd or Hopkin and
Williams Ltd.

4eR.2.,Methodsg
4.2.2;1 Oxidation studiea

(a) Riboflevin ohotosensitised oxidation

In all studies the reaction mixtures were constantly shaken
in 50ml volumetric flasks under fluorescent lighting for the duration
of the,experiment (24~72h). These reaction mixtures consisted of
5,0nl sodium phosphate buffer (0.1M, pH 7.2), 2.0ml riboflavin
solution (100.0pg/ml) and the concentrations of aminotriazole or

asulam and additives as required.
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Additive concentrations were expressed as molar ratios of
additive/aminotriazole and additive/asulem although the actual
concentrations of additives used were the same for both herbicides.
This system was adopted for convenience of presentation and because
the commercial formulation of aminotriazole is based on a 1/l molar
ratio of NHASCN/aminotriazole. However, it is important to bear in
mind that it is the ratio of the free radical generating capacity
of the system to the concentration of free radical inhibitor which
is the governing factor in the overall oxidation process (Weimar
and Neims, 1975). ,

After the addition of the additives, all reaction mixtures
were made up to the same but minimum possible volume with de-ionised
water. On completion of the experiments, the reaction mixtures
were made up to 50.0ml, Aliquots were withdrawn and determined for
aninotriazole by the method of Storherr and Burke (1961) or for
“asulam by the method of Bratton and Marshall (1939) adapted for
asulam by Brockelsby and Muggleton (1973).

(p) Oxidation by hvdroxyl radicals - Fe8044H202 (Fenton's

Reagent).

Reaction mixtures consisted of 1.5al of 0.2f FeSO, in 0,1t '
H,S0, and 3.0ml of 1% w/v H,0,. To this was added 2,400.0 pg of
aminotriazole or asulam and the required additive, Again, all
reaction mixtures were mads up to the same minimum possible volume
with de~ionised water. These were then shaken for the duration of
the experiment, normally 1-2h. On completion of the experiment,
75.0 or 100.0 pl aliquots were withdrawn from the mixture, made up to
5.0ml and analysed for asulam or aminotriazole respectively.
Analysis was as previously described (see 4.2.2.1(a) ).
| Neither the riboflavin, Fenton's reagent or any of the
additives except 6-benzyladenine interfered with the asulam and

aminotriazole determinations. -

Bach reaction mixture was carried out in duplicate.
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4e2.2,2 Influence of NHASCN on the riboflavin

photosensitised oxidation of aminotriazole.

Aminotriazole (600.0 ng) was shaken in a reaction mixture
as per 4.2.2.1(2} in the presence of various concentrations of
W, SON (0~5/1 M/ WK, SCN/2ninotriazole). |

~

4e2,2.3 Influenge of NH SON on the oxidation of
&’;

aninotriazole by Fenton's Reagent.

Aminotriazole (2,400.0 pg) was shaken in a reaction mixture
a3 per 4.2.2.1(b) in the presence of various concentrations of
NH 4scm (0-23/1 MM NH 4SGN/a.minotriazole).

4ele2.4 Influence of varions additives on the riboflavin

photosensitised oxidation of aminotriazole

Aminotriazole (600.0 ng) was shaken as per 4.2.2.1l(a) in
the presence of various additives at a 5/1 molar ratio of additive/

aminotriazole.

4e2.2.5 Influence of various additives on the oxidation of

aninotriazole by Fenton's Resagzent.

Aminotriazole (2,400.0 pg) was shaken as per 4.2.2.1(b) in
' the presence of various additives at a 14/1 molar ratio of

additive/éminotriazole.

4.2.2.6 Comparigson of the influence of iodide and

thiocyanate salts on the riboflavin photosensitiged
oxidation of amingtriazcle.

Aninotriazole (600.0 ng) was shaken as per 4.2.2.1(a) in the

‘presence of NaI, KI, NH /SO and KSN &t & 5/1 molar ratio of

salt/aminotriazole.



4e2.2.7 Influsnce of various additives on the riboflavin

photosansitised oxidation of asulam.

Asulam (600.Q pg) was shaken as per 4.2.2.1{a) in the
presence of various additives at a 13.5/1 molar ratio of additive/

asulam,

4.2.2.83 Influsnce of various additives on the oxidation

of asulam by Fenton's Reasgent,

Asulam (2,400.0 ng) was shaken as per 4.2.2.1(b) in the
presence of NH,SCN, ¥al and NH, NO. at a 33/1 molar ratio of

4 43
additive/asulam.

4e2.2.9 OComparison of the rates of riboflavin photosensitised

oxidation of aminotriazols and asulam.

Aminotriazole and asulam (7.l4xlo-6 moles, 600,0 and 1643.0 ng
respectively) were shaken as per 4.2.2.1(a) in the presence and

" absence of a 5/1 wolar ratio of NH SCN/éminotriazole or asulam.

4

4e2.2.10 Penetration studiss

Initial studies (those results depicted in Tables 4.8 and
4.9) were carried out in a growth room adjusted to a 16h day length
and a temperature of 30i3°C. Humidity within the room was not
controlled and was found to vary betwesn 35~65%r.h. All other
studies were carried -out in a Figons Series III Growth Cabinet
(Model 600G3/THTL) adjusted to a 16h day langth and a tempesraturs
of 30i0.75°C. These wers carried out at two humidity levelg,
ASiS%r.h, and 6415%r,h. A11 plents were grown in the growth room
at 30=3°C as previously described (see 2.2.2.1). When the studies
involved using the Fisons growth cabinet, the plants werz transferred
to it from the growth room and treated on the same day. Treating
and washing was as previously described (see 2.2.2.1). In the
atudies concerned with the effects of iodide and thiocyanate salts
on aminotriazole uptake, the solutions were placed randomly as

discrete droplets (ca 2 pl) on the upper leaf surface in a total
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volume of 20 pl/legf By means of a 10 pl Eppendori pipette. In
those studies concerned with the uptake of iodide and thiocyanate
salts the solutions were placed randonly as discrete droplets

(c2 5 pl) on the upper leaf surface in a total volume of 200 pnl/leaf
by means of a 100 pl Zppsndorl pipette. AlL treatment solutions
pergisted as discrete droplets as opposed to spreading over the

© leaf surface., In all experiments, eight lsaves per treatment were
used. The timing of ths expariments was from the moment of
application of the toxicant to the leaf. On completion of the
experimentg, the 20 nl/leaf and 200,uL/leaf treatments were washed
with 10 and 25ml respectively of de-ionised water and the washings
analysed for aminotriazole by the method of Storherr and Burke (1961)
and for iodide and thiocyanate by Volhard titration (Vogel, 1961).
Preliminary experiments revealed that 100% recovery of all chemicals

wag possible if washing was performed immediately after treatment.

4e2.2,11 Influence of NHASCNband KT on aminotriazole

nenetration,

(a) Aminotriazole (60.0 pg in 20 pl) was applied in the
presence of a range of NH SCN concentrations (0 - 5/1 molar ratio
of NHASGN/éminotriazole).

(b) Aminotriazole (60.0 pg in 20 pl) was applied in the
presence of a range of KI concentratiosns (0 - 5/1 molar ratio of
KI/aminotriazole).

(¢) Aminotriazole (60.0 ng in 20 al) was applied in the

presence of 1/1 and 3/1 molar ratios of NHASGN and KI/aminotriazole.

4e2.2,12 Panetration of aminotriazole and NH,SCN or XKI
%

Aminotriazole (600.0 pg in 200 pl) was applied in the
presence of a 3/1 molar ratio of WH,3CN or KI/aminotriazole.

4

4e2.2.13 Influence of various iodide salts on

aminotriazole penetration.
Aminotriazole (60.0 ng in 20 pl) was applied in the presence
of a 3/1 molar ratio of sodium iodide (Wal), calcium iodide (CaIz),
magnesium iodide (MgIZ) or KI/aminotriazole. This experiment was
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carried out at two_humidity levels, ASiS% r.h. and 64i5% r.h,

42

+2.14 Influsnce of varions thincyanate salts on

aminotriazols penstration

Aninotriazole (40.0 jg in 20 ul) was applied in the
presencé of a 3/1 molar ratio of potassium thiocyanate (XSGN),
sodium thiocyanate (M7aS3N), calcium thiocyanate (Ja(SCN)z) or
NH,30/aninosriazole. Again, this experlment was carried out at
48-5% r.h. and 64i5% r.h,

4e2.2.15 Influence of nolysorbate 20 on aminotriazole

penetration from a Mol formulation.
<

Aminotriazole (60.0 pg in 20 pl) was applied in the presence
of a 3/1 molar ratio of MgIZ/aninotriazole and a range of
polysorbate 20 concentrations (0.0-E.Og/litre). This experiment

was carried out at 64i5% r.h.

4e2.2,16 Penstration of aminotriazole and thiocyanate or

iodide salts.

Aminotriazole (600.0 ug in 200 nl) was applied in the
‘presence of a 3/1 molar ratio of NHASCN, ESCN, KT or NaI/

aminotriazole. This experiment was carried out at both humidity

levels.

4.2.2,17 Influence of droplet sizs on aminotriazole
penetration from NHASON and KSCN formulationg

Aminotriazole (60.0 pg in 20 pl and 609.0 pg in 200 pl) was

applied in the presence of a 3/1 molar ratio of NHZﬁCN or XKSCH/

aminotriazole. The experimsnt was carried out at both humidity

levels,

4e2.2.18 Statistical analvsis

This was carried out as previously described (see 2.2.2.8).
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4+3 RESULTS

 4e3.1 Oxidation studies

4e3.1.12 Influence of NH 30U on the riboflavin

4

ohotosensitised oxidation of aminotriazole

In the absence of riboflavin, no oxidation of the
aninotriazole took place under fluoreacent lighting over the 72h
reaction period. Howsver, in the presence of riboflavin, almost
80% of the aminotriazole was oxidised. In the molar ratio range
0.01 ~ l/i, the NHASCN had no significant effect on oxidation.
However, at 2/1, oxidation was reduced to 47.5% and at 5/1 to
'8.9% (Table 4.la).

4e3.1.1b Influence of NHASCN on_the oxidation of

aminotriazole by Fenton's Reagent

In the absence of NHASCN from the reaction mixture, 93.7%
of the aminotriazole was oxidised in the 2h reaction period. The
addition of NHA§CN reduced this oxidation at all levels tested
in a continuous trend from 25.2% with a 0.5/1 moler ratio to 0.7%
with a ratio of 23/1. In those reaction mixturss containing
NH,6SCM, there was considerable production of hydrogen cyanide

(HCN) (Table 4.1b).

4e3.,1.2 Influence of various additives on the riboflavin

vhotosensitised oxidation of aminotriazole

Aminotriazole oxidation was greatly decreased in the
presence of all thiocyanate salts tested i.e. ammonium, potassium,
godium and calcium. It was also strongly decreased by potassium
cyanide and to a lesser degree by potassium ferrocyanide,
Potassium ferricyanide had no significant effect on oxidation.
Ammonium salts such as acetate, nitrate and tri~ammonium citrate
had little or no effect. Of the halides tasted, only iodide salts

strongly inhibited aminotriazole oxidation. Bromide, chloride and
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Table 4.1 Influence of ammoninm thiocyanate (NHASCN) on
aminotrizazole oxidation in free radical

generating systens.

NH4SGN/ATAa MOAU
A ( pe ) oxidation %)

(a) Riboflavin photosensitised oxidation. Aminotriazole

600.0 pg/reaction mixture (assessad after 72h).

0/1 (no riboflavin) 600.0 0.0 0.0
0/1 133.2 77.8 2.7
0.01/1 151.8 %7 1.8
0.1/1 : 132.6 77.9 6.3
1.0/1 170.4 71.4, 4.5
2.0/1 315.0 47.5 45
5.0/1 | 546.6 €9 3.6

‘(b) Oxidation by hydroxyl redicals (Fenton's Reagent).

Aninotriazole 2,400.0 pg/reaction mixture (assessed after 2h).

0/1 : 151.2 93,7 3.0
0.5/1 355.2 85.2 1.0
2.5/1 523.2 78,2 1.0
4e5/1 - T%els 66.9 1.0
S 1L : 2349.6 2.1 1.0
23/1 2333.2 0.7 1.0

a Aninotriazole
b Medn quantity of aminotriazole unoxidised

¢ Standard deviation (n-l degrees of freedom)
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Table 4.2 Influence of various additives on the riboflavin
photosenéitised oxidation of aminotriazole. Additive/
aminotriazole 5/1 }/M. Aminotriazole 600.0 ug/reaction

m.xture (assessed after 72h).

Additive MQAT® Mean % sp®
(ng) oxidation (%)
(2)
None (no riboflavin) 600.0 0.0 0.0
None 157.2 73.8 1.8
Ammonium thiocyanate 547.2 8.8 1.8
Potassium thiocyanate 543.6 9.4 2.7
Potassium ferricyanide 172.2 1.3 1.8
Potassium ferrocyanide 430.8 28,2 0.9
Ammonium acetate 127.2 78.8 . | 0.0
Ammonium nitrate 127.2 78.8 5.3
®) | |
None 184.8 69.2 1.8
Sodium fluoride 159.0 73.5 6.2
Sodium chloride 148.8 - T15.2 1.6
Sodium bromide 99.6 83.4 o 2.6
Sodium iodide 474.0 21.0 1.7
Potassium bromide 133.2 77.8 5.2
Potassium iodide 529.8  11.7 - 4.4
Potassium cyanide .577.8 . 3.7 0.0
(e) _
None - 138.0 - 77.0 5.4
EDTA _ 0.0 100.0 0.0
Urea 145.8 ‘ T5.7 T3
tri-Ammonium citrate  92.4 84.6 9.1
Calcium thiocyanate 453.6 24.4 10.9

Sodium thiocyanate 507.6 ' 15.4 ' 1.8
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Table 4.2 (contd).

Additive MQAU Mean % sp°®
(ng) oxidation (%)

()
None (no riboflavin) 600.0 0.0 0.0
None 168.6 71.9 0.8
Ammonium thiocyanate 528.6 11.9 4.4
Thioacetamide 228.6 61.9 4.4
L-Cysteine hydrochloride 160.8 73.2 11.5
Thiourea 337.2 43.8 . 0.0
6-Benzyladenine 265.8 55.7 2.6
6-Benzyladenine riboside 325.8 45.7 0.9

‘b Mean quantity of aminotriazole unoxidised

¢ Standard deviation (n-l1 degrees of freedom)
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fluoride salts either had no effect or slightly increased
oxidation. Ure2 had no effect, while EDTA strongly increased
oxidation. Of the organic saulphur compounds tested, only thiourea
had any great effect on oxidation, but its effect was still far
less than that of NHASGN. The effect of 6-benzyladenine riboside
was comparable to that of thiourea. In the case of the less
soluble 6-benzyladenine which did not totally dissolve, the
golution was filtered and an 2liquot taken for deteraination. It

showed less sffect on oxidation than its ribosids (Table 4.2).

4e3.1.3 Influence of various z2dditives on the oxidation

of aminotriazole by Fenton's Reagent.

Amnmonium and potassium thiocyanate both strongly inhibited
aminotriazole oxidation while other ammonium salts such as
acetate, nitrate and tri-ammonium citrate either had no effect or
slightly inhibited oxidation. (Table 4.3a).

Of the-halide salts tested, bromide and iodide strongly
inhibited oxidation while fluoride and chloride had much less
effect., When an iodide szalt was present, molecular iodine was
formed during the reaction (Table 4.3b).

Of the organic sulphur compounds tzsted (Table 4.3c) both
L - cysteine hydrochloride ani thiourea had effects comparable to
that of NH4$CN, thicacetamide was less effective,

Ferricyanide, ferrocyanide and cyanide were not tested since
they complexed with the iron from the Fenton's Reagent, producing
a blue precipitate. 6-Benzyladenine and é~benzyladenine riboside
both interfered with the aminotriazole determination at the levels
being tested. ‘However, it apneared that they did not have such
a pronounced effect on oxidation as thiocyanate salts. For this

reason, further investigation of these compounds was not pursued.

4e3.1.4 Comparison of the influence of iodide and

thiocvanate salts on the riboflavin photogengsitised
oxidation of aminotriazole.

In the absence of riboflavin, no aminotriazole was oxidised,

while in its presence, 73.5% oxidation occurred over the 48h reaction
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Table 4.3 Influence of various additives on the oxidation of
aminotriazole by hydroxyl radicals (Fenton's Reagent).
Additive/aminotriazole 14/1 M/M. Aminotriazole
2,400.0 pg/reaction mixture (assessed after 1h).

Additive MoAT® Mean % sp°
' (ng) oxidation (%)
(2) _ ,
None 276.0 88.5 1.0
Ammonium thiocyanate 22T70.4 5.4 : 0.0
Potassium thiocyanate 2284.8 4.8 6.7
Ammonium acetate 1020.0 57.5 ‘ 0.9
Ammonium nitrate 276.0 88.5 1.0
. tri-Ammonium-citrate 859.2 64.2 1.0 -
(b)
None 489.6 79.6 0.8
Sodium fluoride 1274.4 46.9 0.0
Sodium chloride  976.8 59.3 0.0
Sodium bromide 2030.4 15.4 -~ 0.8
Sodium iodide 2073.6 13.6 . 0.0
Potassium bromide 2133.6 11.1 ' 0.0
Potassium iodide  2119.2 117 0.8
(c)
None - 537.6 77.6 3,2
Ammonium thiocyanate 2102.4 12.4 : 1.6
Thicacetamide 1483.2 38.2 1.6
L-Cysteine hydrochloride 2224.8 Te3 10.3
Thioureé } 2102.4 12.4 0.0

b Mean quantity of aminotriazole unoxidised
¢ Standard deviation (n-l1 degrees of freedom)




- period. The addition of the following four salts: NHASCN,
KSON, KI or Nal reduced aminotriazole oxidation to less than
10% in all cases, 2nd there were no significant differences

between any of the four oxidation levels (Table 4.4).

4e3.1.5 Influence of various additives on the riboflavin

photosengitiged oxidatisn of asulanm.

Similar trends ir oxidation to those found for aminotriazole
were observed for asulam. NHASCN, X5CN and potessium ferrocyanide
-all greatly reducesd asulam oxidation. Potassium ferricyanide had
much less effect while ammonium acetate and ammonium nitrate had
no effect (Table 4.5a).

Todide salts also greatly reduced oxidation while potassium
cyanide reduced it significantly but to a lesser degree. Fluoride
chloride and bromide salts had little or no effect (Table 4.5b).

4+e3.1.6 Influence of various additives on the oxidation
of asulam by Fenton's Reagent,

Again, a similar pattern of response to that obtained for
aminotriazole was observed. Virtually all the asulam (97.7%) was
destroyed within lh, Ammonium nitrate had no significant effect
on this while NH4SCN and Nal reduced the level of oxidation
significantly although the degree of reduction was not nearly so
great as was found for aminotriazole (Table 4.6). This may be due
to the ease of oxidation of the asulam or the state of activity of
the Fenton's reagent. This factor was not deemed importent enough

at that stage to warrant further investigation.

4e3.1.7 Comparison of the rates of riboflavin

photosensgitised oxidation of aminotriazole

and _asulam.

The results of Table 4.7 indicate that aminotriazole is
more readily oxidised than asulam (74.3% compared with 58.3%) while
the addition of NHASCN reduced asulam oxidation to 9.6% and

aminotriazole oxidation to 17.6%. This would possibly suggest
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Table 4.4 4 comparison of the influence of iodide and
thiocyanate salts on the riboflavin photosensitised
oxidation of aminotriazole. Additive/éminotriazole
5/1 ¥/M,. Aminotriazole 600.0 pg/reaction mixture
(assessed after 43h).

Additive HQATP Mean % sp°

| (neg) oxidation (%)

None (no-riboflavin)  600.0 0.0 0.0
None 159.0 73.5 0.9
Ammonium thiocyanate  551l.4 8.1 , 2.6
Potagsium thiocyanate 555.6 A 3.5
Potassium iodide 555.6 7.4 - 1.7
Sodium iodide 540.6 2.9 3.5

b Mean quantity of aminotriazole unoxidised
e Standerd deviation (n-l degrees of freedom)
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" Table 4.5 Influence of various additives on the riboflavin
photosensitiged oxidation of asulam,
Additive/asulam 13.5/1 HA{, Asulam 600.0 pg/reaction

mixture (assessed after 24h).

Additive AT Mean % sp°
(pe) oxidation (%)

(a)
None (no riboflavin)  600.0 0.0 0.0
None 300.0 50.0 1.3
Ammonium thiocyanate  579.0 3.5 49
Potassium thiocyanate 568.2 5.3 2.5
Potagssium ferricyanide 357.6 40.4 v 5.0
Potassium ferrocyanide 562.8 6.2 3.7
Ammonium acetate 279.0 53.5 1.3
Ammonium nitrate 272.C 53.5 _ v 3.7

(v)
None 273.6 54l 4.9
Sodium fluoride 252.6 57.9 9.9
Sodium chloride 304.3 ' 49.2 2.5

Sodium bromide 321,0 6.5 6.2

Sodium iodide 562,3 6.2 1.2
Potassium bromide 315.6 4.4 2.5
Potassium iodide 562,2 6.2 1.2
Potassium cyanide L47.0 25.5 1.2

¢ Standard deviation (n-l1 degrees of freedom)
d Mean quantity of asulam unoxidised
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Table 4.6 Influence of various additives on the oxidation

of asulam by hydroxyl radicals (Fenton's Reagent).

Additive/asulan 33/1 M4, Lsulam 2,400.0 pg/reaction

mixture (assessed after 1lh).

Additive Qa0 Hean % sp°
(ng) oxidation (%)

None 5542 97.7 1.1
Ammonium nitrate 36.0 98.5" 0.0
Ammonium thiocyanate 811.2 66,2 0.0

- Sodium iodide ' 902.4 62.4 5.4

¢ Standard deviation (n-1 degrees of freedom)

d Mean quantity of asulam unoxidised

Table 4;7 Comparison of the rates of riboflavin photosensitised

oxidation of aminotrizzole and asulam,

aninotriazole or asulaa 5/1 H/M,
600.0 pg/reaction mixture, asulam 1643.0 pg/reaction

mixture (assessed after 48h).

NH ASCN/

Aninotriazole

Reaction - MgHU® Mean % sp®
mixture (ne) oxidation (2)
Asulam alone 635.1 58.3 8.7
‘Asulam + NH,SCN 1485.3 2.6 0.0
Aninotriazole alone 154.2 The3 3.3
Aminotriazole + NHASCN A TAYA 17.6 2.5

¢ Standard deviation (n-1 degrees of freedom)

e Mean quantity of herbicide unoxidised
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that the state of activity of the Fenton's reagent was résponsible
for the results notsd in 4.3.1.6.

4.3.2 Penetration studies

be3.2.1 Inflnsnce of R’ASGN and KI on aminotriazole

penetration.

(a) Eﬂﬁ§2£ Aminotriazole penetration was significantly
enhanced at all NHASCN levels tested. Penetration was increzsed
from 13.5% in the agueous control to 65.0% at the 1/1 molar ratio
level. At the 2/1 level, penetration was enhanced further (80.1%).
Howsver, subsequent increases in NHASCN concentration had no
further effect (Table 4.3a).

(b) KI Penetration was again considerasbly enhanced at all
KI levels tested, increasing from 5.9% for the aqueous control to
70.7% at the_1/1 molar ratio level. The 2/1 and 3/1 molar ratio
levels brought about further significant increases in penetration,
to 76.8% and 87.2% respectively, while 2t the highest concentration
tested (5/1), the trend begen to reverse significantly (79.3%)
(Table 4.8b).

(¢) When the effects of XTI and NH,SCN on penetration were
compared at two selected levels (/1 andHB/l molar ratios) the
following points were obaerved. At the 1/1 level both KI and
NHASCN significantly enhanced penetration over the aqueous control.
Eowever, penetration from the KI formulation was significantly
grsater than from the HHASGN (540,2% as agzinst 36.62).

A similar trend was found at tke 3/1 level. Again,
penetration was significantly enhanced over the aqueous comtrol
and also over the respective 1/1 ratio levels. Again, penetration
from the XI formulation (81.0%) was significantly greater than
~ from the NHASCN (63.53). It was also noted that at the 1/1 level
NHASCN caused slight leaf dshydration whereas KI caused none while
at the 3/1 level although KI caused some dehydration, NHASCN

caused considerably more (Table 4.8c).
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Table 4.8

Influence of ¥

30N and XI on aminotriazole

4

Aminotriazole application rate

A}
assessed after 3h).

- 83 -

- saat/ara® MILSE P> 30°  Droplet and leaf
M/M (ng) (%) (%) apoearance
(a) WH,SCN
A+
0/1 51.9 13.5  10.6  dry, ATL recryst, no
effect on leaf
1/1 20,7 65.5 5.0 dry, no ATA or NH,SCN
E : recryst, some leaé
dehydration
2/1 11.9 80.1 1.9 dry, no ATA or WH,SCN
* recryst, some
o leaf dehydration
3/1 12.7 73.8 3.3 dry, no ATA or NH, SON
' recryst, much
_ leaf dehydration
5/1 12.8 73.6 7.1 dry, no ATA or WH,SCN
T rzeryst, much
leaf dehydration
(b) XI
o/1 56.5 5.9 L2 dry, ATA recryst, no
R effect on leaf
- 1/1 17.6 70.7 47 dry, no ATA or KI
o recryst, no effect on
leaf
2/1 13.9 76.8 4.9 dry, no ATA or KI
' recryst, no effect on
leaf
3/ 7.7 87.2 3.6 dry, no ATA or KI
recryst, slight leaf
dehydration
' 5/1 12,4 79.3 7.0 some wet, no ATA or

KI recryst, some leaf

dehydration



Table 4.8 (continued)

adai/ama® - ugra® owe? o° Droplet and leaf
M/l (ng) (%) (%) appearance

(¢) XI or NH4SCH

2.5 dry, ATA recryst, no

0/1 53.9 1.3
‘ , effect on leaf
1/1 (NHASCN) 33.0 36,6 8.9 dry, no ATA recryst,
some leaf dehydration
1/1 (K1) 27.5 54e2 6.7 dry, no ATA recryst,
. no effect on leaf
3/1 (NHéSCN) 21.9 63.5 8.4 ~ dry, no ATA recryst,
nmuch leaf dehydration
3/1 (XI) 11.4 81.0 3.5 dry, no ATA recryst,
slight leaf
dehydration
Aminotriazole
Standard deviation (n-l degrees of fresdom)
Additive
Mean quantity of aminotriazole left on the leaf surface
‘Hean penetration of aminotriazole

[ o 1= B S © B <

-8l -



4e3.2.2 Penetration of aminotriazole and NH¢SCW or XI

Aminotriazole penetration was significantly enhanced by
both NH4SCN and XI. Howevar, although penetration from the KI
formulation was azain greatsr than from the ¥H, 30N, the difference

4
was not significant. The opposite was true of the NHASGN and
KI penetration. NHASGN penetration was greater than KI although

‘again the difference wzs not significant (Tehle 4.9).

Table 4.9 Penetration of aminotrizzole end NHASCN or KI.
Aminotriazole application rate 600.0 pg/leaf.
NH SON or XI/aminotriazole 3/L M/M (assessed after 2.5h)

4
Treatment M Add.Pd  sp¢  mP®  op° Droplet and leaf
‘ (%) - (#) (%) (%) appearance
“Aqueous - _ - 0.0 0.0 ATA*recryst, no
control - effect on leaf
KI ' 65.7 13.% 43.7 13.6 some recryst
probably XI and
ATA, some leaf
denydration
NHASGN o 72.3 ' 7.1 34.5 7.9 no recryst, some
o ' droplets wet,
considerable
dehydration
Aminotriazole

Standard deviation (n~1 degrees of freedom)
Mean penetration of aminotriazole

Mean penetration of additive (XI or NHASGN)

G
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In addition to the non - significant difference in
aninotriazole penetration betwsen the two formulations on this
occasion, the actual extent of the penetration was lower than
might have been expected if the figures obtained are compared
with those in Table 4.8. D3ome XTI had re-crystallised on the leaf
surface while in the NHASCN formulation no re-crystallisation was
observed. This would sugzest that humidity was lower than in
orevious experiments and this factor could limit the effectivensss
of KI,

4e3.2.3 Influence of varioug indide salts on aminotriazole

penstration

At the lower humidity level (4325% r.h.) there was virtually
5 and Mgl

formulations (1.0% or less) while XI and HNal significantly

no penetration from the aqueous control or the Cal 5
enhanced penetration (34.6% and 52.1% respectively) although there
wzs no significant difference between the two (Table 4.10a).

At the higher humidity level (64=5% r.h.), penetration from
the aqueous control and the Ga12 and MgIZ formulations was of the
.order of less than 10% while XI and Nal again enhanced penetration
considerably (66.3% and 66.4% respectively) (Teble 4.10b).

4e3.2.4 Influence of wvarious thiocyanate salts on

aminotriazole penetration

At the lower humidity level NH 4SCN, ¥aSCN and KSCN (in order
of increasing effect) all significantly enhanced aminotriazole
penetration compared with the aqueons control, Ca(SCN)2 had no
significant effect on penetration. The effect of XSCN was
significantly grsater than that of WaSCH which in turn was
significantly greater than that of HHASCN (Table 4.112).

At the higher humidity level Ca(SGN)Z significantly enhznced
penetration but the actual increase in percentage penetration was
amall (4.1%). NHASCN, NaSCN and KSGY¥ all brought about a

considerable enhancement in penetration and there were no

significant differences in penetration between the three. (Tables.llb)
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Table 4.10 Influence of various iodide salts on aminotrizzole

penetration.

60,

0 ﬂg/leaf.

Aminotriazole application rate
I53ide salt/aninotriazole 3/1 MM

(assessed after 3h).

Todide QLS8 wP® 5% Droplet and leaf

s2lt (ng) (%) <) appearance

(2) 4825% r.n.

None 594 1.0 2.8 _ATAarecryst, no effect

’ on leaf

KI 39.2 34.6 21,5 recryst, probably ATA
and KI, no effect on
leaf

Nal 23.7 52.1 10.2 no visible recryst,
droplets dry, no effect
on leaf

CaI2 60.0 0.0 0.0 no recryst, droplets wet,

. no effect on leaf

MgI2 59.8 0.4 0.8 no recryst, droplets wet,
no effect on leaf

(b) 64=5% r.h.

None 57.5 4?2 2.3 ATA rzeryst, no effect

_ . on leaf

KI 20.2 65.3 9.6 no recryst, droplets dry,
slight leaf denydration

NaI 20.2 66.4 3.6 no recryst, droplets dry,
no leaf dehydration

Ca12 57.7 3.8 2.1 - no recryst, droplets wet,
no leaf dehydration

MgI2 5401 2.9 3.5 no recryst, droplets wet,
slight leaf necrosis -
punctured appearance

a Aminotriazole

¢ Standard deviation (n-1 degrees of freedom)

g Mean quantity of aminotriazole left on the leaf surface

h Mean penetration of aminotriazole




Table 4.11 Influence of various thiocyanatzs salts on
aminotriazole psnetration. Aminotriazole

application rate £0. pgz/leaf. Thioecyanate
salt/émlnotriazole 3/1 MAL (assessed after 3h).

Thioeyanate  MQLS® P®  SD°  Droplet and leaf
. salt {ng) () (£) appearance
+r-c' ‘
(a) 4—8"‘9/3 .'L‘.h-
None 59.0 1.7 2.0 ATa%recryst, no effect
, on leaf
NHASGN 33.5 35.9 6.8 no recryst, some droplets
wat, some leaf
dehydration
KsCN 25,0 58.4 5.4 no recryst, few droplets
: wet, some leaf
L dehydration
NaSCN 33.1 4.9 4.9 no recryst, few droplets
: wet, some leaf
' dehydration
Ga(SCN)2 58.3 2.8 3.0 no recryst, droplets wet,
no effect on leaf
(b) 6452 r
None - ;8.4 2.6 3.0 ATE recryst, no effect
' on leaf
NHASCN ‘ 21.3 . 6445 7.1 no recryst, droplets dry,
- _ some leaf dehydration
KSCN 20.6 - 65,7 3.8 no recryst, droplets dry,
, slight leaf dehydration
NaSCN - 18,6 69.0 Lol no recryst, droplets dry,
no effect on leaf
Ca(SCN)2 56.0 6.7 3.1 no recryst, droplets wat,
no effect on leaf
Aminotriazole

Standard deviation (n-l degrees of freedom)

Mean quantity of aminotriazole left on the leaf surface

s 2 11 B @ B

Mean penetration of aminotriazole




4.3.2.5 Influence of oolysorbate 20 on aminotriazole

venetration from a Mzl formulation
~

At noﬁe of the concentrations tested did the addition of

polysorbate 20 incresse penetration compared with Mg12 alone
(Table 4.12).

Table 4.12 Influence of polysorbate 20 (0.0-5.0g/litre)

on aminotriaznls penstration from a magnesiun
iodide formulation. Aminotriazole application
rate 60,0 pg/leaf. MgIZ/éminotriazole 3/1 MM

(assessed after 3h). Humidity 64i5% r.h,

Polysorbate 20  MALs® P D Droplet and leaf
(g/litre) (ng). (% (2)  appearance
0.0 51.9 13.5 2.6 no recryst, droplets
' ' wet, leaf has punctured
, appearance
0.2 52.7 12,2 4.2 no recryst, droplets
wet, leaf has punctured
appearance
1.0 5.8 8.7 2.9 no recryst, droplsts
wet, leaf has punctured
appearance
5.0 52.7  12.2 6.5 no recryst, droplets
' ' wet, leaf has punctured
appearanca
tandard deviation (n-l degrees of freedom)
g dean quantity of aminotriazole left on the leaf surface
h

‘Mean penetration of amninotriazole
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Le3.2.6 Penetration of aninotriazole and thiocyanate

or iodide salts

At the lower humidity level NHASCN, K3CN and NaI all
significently enhanced aninotriazole nsnetration compared with
the aqueous control and there were no significant differences
betwsen the three treatments. There appeared to be considerable
re-crystallisation of XTI on the leaf wnurface and panetration was
not greatly influsenced by this treatment. There was no
significant difference in thilocyanate penetration betwesn the two
salts tested and although Nal penetration was greater than
thiocyanate penetration, the difference between Nal and NHAEGH
wag not significant, KI penetration was much lower than that of
the other three (Table 4.13a).

At the higher humidity level all four salts significantly
"enhanced aminotriazole penetration althougn the effect of NHASCN
- was gignificantly less than that of the other three, between
which-there-were no significant differences. In addition, there
were no significant differences between all four treatments in

the level of penetration of the salt (Table 4.13b).

4e3.2.7 Influence of drovnlet size on aminotrizzole

penstration from NH, SON and XSCN formalations
A

At the lower humidity level and with the smaller droplet
size there was no significant difference in aminotriazole
penetration between the two formulations. Howsver, there was
significantly greater penstration from the KSCN formulation with
the larger droplsts. This appearad tn be due to a reduction in
penetration from the NH,SON formulation rather than an increase
in penetration from the%KSGN formulation since there ware no
significant differences between the two KSCN treatments and the
NHASCN small droplet treatment while the degrze of penetration
from the NHASCN large droplet treatment was significantly less
than from the other three (Table 4.l4a).

A At the higher humidity level and with the smaller droplsts
there was significantly greater penetration from the KSCN

formulation while with the larger droplets there wzs no
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Table 4.13 Penetration of aminotriazole and thiocyanate

or iodide salts. Aminotrizzole application rate
620.0 pg/leaf. Thiocyanzte or iodide salt/

aminotriazole 3/1 MA{ (2szsessed after 3h).

Treatment M add.Pd 9p° i 3p°® Droplet and
(%) (& %) (%)  leaf zppearance

(a) 431-57: rohe

Aqueous —— — Leb 1.4 ATAR recryst, no
control effect on leaf
- NH,SCN - 58.1 13.4 26.1 12,2 no recryst, some
~

droplets wet, some
leafl dehydration

KSoN 50.3 2.7 26,6 3.9 no recryst, some
droplets wet, some
leaf dehydration

KT 19.6 3.8 8.8 5.7 recryst, probably
. KI and ATA, no
effect on leaf

Wal | 69.5 74 2443 3.6 no recryst, souns
. ' leaf dehydration,
some droplets wet

(b) 64=5% r.h.

agqueous ——— - 10.5 3.3 ATA recryst, no
control effect on leaf
‘NHASCN 6.6 14.0 38.0 12,3 no recryst, soms
' droplets wet, some
: leaf dehydration
- XSCN ' 72.0 2.8 52.1 3.6 no recryst, droplets
‘ dry, some leaf
dehydration
XI - 67.3 11.0 51.6 8.0 no recryst, droplets
dry, slight leafl
. dehydration
Nal 75.0  14.0 51.4 10.0 no recryst, droplets
' dry, slight leaf
dehydration
a Aminotriazole :
¢ Standard deviation (n-l1 degrees of freedom)
h Mean penetration of aminotriazole
j Hean penetration of additive (thiocyanate or iodide salt)
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Table 4.14 Influancs of droolat size on aminotriazole

penetratiosan from H

SO and XSCN formulations.

Tnlacvmit'\/a 1in 3*“1°:“‘e 3/1 1A Apnlication
rates 60,0 pg/leaf in 20 pl as ca 2 pl droplets
and 600.0 pg/leaf in 200 ul as ca 5 pl droplets

(assessad aftar 3h).

5 nl droplets)

Treataent I-Eh 3¢ Dronlet and leaf
(%) (% appearance
(a) 48552 r.n. ‘
IJHASCN(QO Al as 29.4 11.3 no recryst, some droplets
ca 2 pnl droplsts) : wet, some leaf dehydration
KSCN(20 nl as ca 32.2 6.5 no recryst, some droplets
: wet, slight leaf
2 p.lvdr oplets) , dehydration
NH,SCN(ZOO ul as ca 14.5 Lod no recryst, some droplets
5 ;l droplets) wet, some leaf dehydration
K50H(200 pl as ca 26.3 6.9 no recryst, some droplets
5 pl droplets) wet, some leaf dehydration
(b) 64=5% r.h
1’HA.;VN(2O £l as ca 42.0° 10.9 no recryst, droplets dry,
2 pl droplets) some leaf dehydration
KSCN(20 pl as ca 67.2 6.2 no recryst, droplets dry,
2 41 droplets) slight leaf dehydration
NHASCH (200 p1 as ca  47.3 4.6 no llrzcryst, droplets
- mainly dry, some
5 pl droplets) dehyiration
XSC¥ (200 pl as ca 49.2 9.1 no recryst, droplats

mainly dry, some
dehydration

¢ Standard deviation (n-l degrees of freedom)

h Mean penetration of aminotriazole
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significant difference between the two. The greatsr penetration
from the X300 formalation with the smallar droplets appeared to
be due to an enhancement ia penstration Trom the W3SV treatment
rather than a decrease from the NH4§CN treatment since there
ware no significent differences betwean ths two WH,SCHN treatments

T
and the X3CN large droplet treatment (Table 4.14b).
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L.,  DISCUSSION AND CONGLUSIONS

From the experimental evidence obtained here, it can be
sean that NHASCN is capabls of inhibitingz both the riboflavin
photosensitised oxidation of aninotriazols and oxidation by
hydroxyl radicals, Considering togethasr the fact that Castelfranco
and Brown (1963} hava hypothesisad that aminotriazols in contact
with certain enzyme systems reacts with anino acids and various

adical intermediatz and the findings

[¢]
ix]

other compounds via a fre
of Carter {1965;1963) tha XHASGY reduczes the formation of the

less toxic and lsss mobile 3-ATAL, this would stroagly suggest
NHASCN within the plant is that of a

£
free radical inhibitor. The resnlts here substantiate this point

ot

ct

that the mode of action o

(Tables .1l-4.4) and of course open up the possibility of a whole
new range of additives which may enhance translocation and inhibit
free radical reactions. A comparison of possible inhibitors
revealed that ilodide and perhaps bromide and cyanide salts may be
of use in this regpect.

6-Benzyladenine which van der Zueep (1965) showed to have a
more pronounced synergistic effect on aminotriazole formulations
than NH4SCN,and 6-benzyladenine riboside were tested but were
found to be much less effechive than ﬂHASON. Thus, further
investigations into thes role of these compounds were forsaxen in
- preference to a more dstailed investigation of the roles of iodide
and thiocyanate salts in aminotriazole formulations. Two possible
explanations which might be put forward to explain this are (a) the
6~benzyladenine may be converted within the plant to a more active
free radical inhibitor or (b) é-benzyladenine may have some quite
separate function from frze radical inhibition.

Of the organic sulphur compounds tested, thiourea and
I-cysteine hydrochloride were found to inhibit aminotriazole
oxidation by Fenton's reagent to the same extent as NHASCN.
Thioacetamide was less effective. None howsver were as effective
as NH,30N in the riboflevin photosensitised system.

When the efficiency of ilodide and thiocyanate salts were
compared in the riboflavin photosensitised system, they were found

to be equally effective inhibitors. The production of HCN (and
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vossibly sulphate)‘during the Fenton's reagent reaction, in the
oresence of thiocyanate salts would suggest that the thiocyanate
is being oxidised in prafersnce to the aminotriazole. HCH was
also detectad in ths riboflavin systeam but in much smaller amounts,
the initial concentration of thiocyanstz in this reaction mixbure
being much smaller. Oxidation of NHASSN in enzymic systems has
bzen shown to result in the praiuction of cyanide and sulphate
(S8rbo end Ljunggren, 1353). Siailarly, the formation of
molecular iodine would suggsst that iodide is also being
preferentially oxidised.
‘ It should be siressed that the inportant relationship in
such reactions is that of the concentration of free radical
inhibitor relative to the free radical generating power of the
systéem. Under actual field conditions such ratios as 5/1 of
inhibitor/aminotriazole may not be required to bring about maximum
inhibition of aminotriazole oxidation and conjugation formation ete.

Asulam was also shown to be oxidised by the two free radical
generating systems employed although in the case of the riboflavin
system at least (Table 4.7) not as rapidly as aminotriazole.
Again, oxidation was inhibited by thiocyanate and iodide salts
and additionally by ferrocyanide (Tables 4.5-4.7). This tharefore
opensg up the possibility that NHASCN and other free radical
inhibitors may be ussd to increase the effiency of a wide range
of herbicides. Swestser (1963) has shown a photochemical
inactivation of monuron and other substituted phenylurea herbicides
by flavin mononucleotide (FMN) and leaves of bean plants which
were sprayed with ™MV following application of monuron to the roots
prevented the herbicidal action of the latter. This work shows
strikingly similar trends to that of Sund et al.(1960), Hilton(1962)
and Castelfranco et al.(1963) working with aminotriazols. In
addition, Stritzke(1972) has shown that the efficiency of
dichlorprop, 2,4-D and 2,4,5-T can be increased by the use of an
NHASCN ore~-treatment while Crosby and Wong(1973) have shown
2,4,5;T to be quickly broken down in a riboflavin photosensitised
system,

In addition to their effects on free radical reactions, both
KH,SCH and KI were shown to have a considarable effect on

4
aminotriazole penetration of bean leaves. They appear to be acting

-95 -



h

at least partly as humectents since they prevented droplet

drying and aminotriazole recrystallisatiosan, However, other
ly since previous work done

functions wonld zlso appear to
on humectants such as ethylens glycol and DMF under similar

rzat iaflaeace on

©
@
B
e
‘—l
i~
&)

aninotriazole penetration unless aount of polysorbate 20

was present (se2 Chapter Thres) while a later expsriment (Table 4.12)
using MoIzwhl,k alone had no effifect on aminotriazole penstration
showed the furthsr addition of polysorbats 20 to have no effect
either. Of the two salts initially tested, XI apseared to be

more efficient although it was thought that humidity might be more
of a limiting factor on its efficiency since in one exercise

(Table 4.9) its recrystallisation on the leaf surface becams guite

apparent and droplet drying occurred. This would tend to reduce

=

both its penetration and that of the aminotriazole since penetration
from crystalline deposits procesds slowly, or may cease (see 2.3.1;
Mynett and Wain, 1971).

Further investigations (Tables 4.10, 4.11, 4.13 and 4.14)

“using a series of iodide and thiocyanate salts revealed several

[

points ¢~ (a) penetration of amninotriazole from all iodide or
thlocyanate/émvnour1azolp formulations was reduced by low humidity
and in particular from the XI foranlation where droplet drying

and recrystallisation occuarred, (b) i Csl,, Hgl, and 39(JUJ)
appeared to be of little value in enhancing aminotriazole
penetration at eitner humidity level under the experimnental
conditions employed in this study, (c) Wa3CN, KSCN and Nal were

at least as efficient as NHASCH in increasing aminotriazole
penetration,'(d) the penetration of the salts tested was also
reduced by low humidity and in particular that of XI which again
recrystallised on the lsaf surface. Hal penetration was least
affected (Table 4.13).

An interesting point which aroses in this study was the degree

of aminotriazols penstration from tha 80N formulation relative

to thdat from ths NHA””N formulation. In Table 4.11, at the lower
hunidity level, aminotriazole penetration was significantly
greater from the KSCN formulation,at the higher humidity
level,there was no significant difference between the two. In

Table 4.13 the opposite was true, at the lower humidity level there
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was no significant difference in penetration #ﬁile.at the higher
humidity level penetration from the KSCN formulation was
significantly greater, Sincs the only obvisus difference was in
droplet size (gca 2 nl droplets in Table 4.1l and ca 5 nl droplets
in Tablae 4.13), this factor was ilnvesatigated to determine whether
it might explain these trends. The results of this experiment
(Table 4.14) indicated wirtually opvosite trends to those exoected:-
At the lower humiity level (ga 2 nl Aroolets) there was no
significant difference in penetration bstween the two formulations
while at the higher humidity level (ca 2 pl droplets) penetration
from the KSCN formulation was significantly greater. uWith the
larger droplets (ca 5‘pl), penetration from the X3CN formulation
was slgnificantly greater at the lower humidity level while at

the higher humidity level there waas no significant difference in
penetration, However, an lmportant point to bear in mind was that
at no time was penetration from the KSCH formulation less than
that from the NH4SGN formulation,

Thus, it would appear that although droplet aize has an effact
on penetration and that this is regulated by humidity, these
trends cannot be explained totally on this basis, Other factors
such as veriabillty in plant age, water status of the plant during
the course of the exveriment and growlng conditlons prior to
treatment may also have an efiect on the elflelency of penstration
and the trends found. In addition, variability In hualdity may
help to explain the differences in penetration betwsen results
for the same ratios of NHASCN/hminotriazole or KI/aninotriazole
in Tables 4.8 and 4.9

Field investigations into the effect of (a) the concentration
of NHASCQ in aminotriazole formulations, (b) Nal on aminotriazole
efflency and (c) NHASGE on asulan afflency in bracken are undar
vay and initlal observations on the effects of these formulations
will be made in Chapter Five.
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Chapter Five

FIELD TIWNVASTIGATICIS INTO TEE EFFECT OF VARIOQUS
HERBICIDE FORMULATIONS ON BRACKEN CONTROL

5.1 INTRODUSTION

Chapters Two, Three and indeed parts of Chapter Four were
designed principally in an atteupt to develop aminotriazole
formulations which might bring about efficient penetration, the
relevance of which was discussed in Chapter Two in relation to
the West of Scotland situation. In addition, it was hoped that
a little more insight into the mode of action of herbicide
adlitives might be gained. Obviously, such formulations must be
~ tested under field conditions before any definite conclusions as
to their use in practize can be drawn. With this point in mind,
"field trials were set up during the period 1976 - 1978 in parallel
to the laboratory studies, to investigate the effectiveness of

cartain of these foruanlations on bracksn, Agzin, the relevance
of bracken has alrezdy been discussed (see 2.1). In addition to
aninotriazole, asulan and glyohosate ('~ (phosphonomethyl) glycine)

Py

have been usad in certain preliain

%)

ry investigations, the purpose
behind these will be discussed in destail later in this chapter.

, There would be little to be gained from a discusslion of the
bracken plant and the problems associated with its control since
its biology, ecologr and early research into its control (mainly
eultural, mechanical and control by contact herbicides) have
been well reviewed by Braid (1959) while Babiker (1976} has

revie Jed its bioslogy and control with partieular emphasis on the
- use of systemic herbicides. A4lso of particular relevance is the
‘Botanical Journal of the Linnean Society 1976, 73, numbers 1-3
which 1s the published proceedings of a symposium entitled

"The biology of bracken". This contains articles covering many
aspects of its biology, ecology, taxonomy, phytogeography and

control. .

.A brief review of the history of the three chemicals

employed in these studies, in relation to their use on bracken,
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would however seem justified.

Amninotriazole

Aminotriazole was first introduced as a herbicide by
Amchem Products Inc. (U.3. Patent lo. 2,670,232) in 1954 (Ashton
and Crafts, 1973). Bylternud (1958) in Scandinavia was cne of
the first to demnonstrate its effTectliveness on bracksn, In the
West of Scotland however, Conway (1959) concluded that at 20 and
40lb/acre aninotriazole showed little promise. Asgessment in
June, the year after gpraying indicated a considerable suppression
in growth (75 and 92% reductions in frond density respectively)
but by August of the same year the respective figures were 18 and
10%. In 1959, the Bracken Commlttee of the Intesrnational Research
Group on Weed Control proposed the setting up of trials of
standard design throughout Europe, Scandinavia and the United
Kingdom. Aminotriazole was one of the herbicides employed in
these studies. Fifteen asuch trials weare set up in Britain,
thirteen by the A.R.C. unit of Experimental Agronomy at Oxford,
the results of which wers reported by Hodgson (1360) and two in
Argyll by the West of Scotland Agricultural College, the results
of which were reported by Kirkwood and Fletcher (1961), All trials
were carried out at rates of 10 and 20lb aninotriazole/acre and
the activated formulation (containing ammonium thiocyanate) wasg
used for the first time. Meanwhile, trials were carrled out in
the East of Scotland by Erskine (1960) who also used the
activated formulation.

The results of the triala in the West of Scotland resvealed
that on one site, a maximum reduction in frond denaity of 50% waa
achieved at the 201b/acre application rate. The activated
formulation was less effactive, On the second site, aminotrlazols
increased frond density the following season. This increase was
most obvious at the 10lb/acre application rate, at the later
gpraying date and with the activated formulatlon. These results
were poor in comparison to those of Erskine's in the East of
Scotland and Hodgson's in England and Wales where consistently
higher levels of control were obtained. Erskine's results were
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particularly encouraging since frond number reductions of more
than 90% were achieved in August the year after spraying from
application rates of 5-151b/acre. Froa other results obtained
by Erskine (1960), using 4-CPA, which indicated a period of
maximum susceptibility, Xiriwood and Fletcher {1961) concluded
that their poorer regults were dus to carrying out their spraylng
programme too late in the season. Their only comment as to
weather conditions was that it was warm, dry and sunny at the
time of spraying and for at leagt 24 hours later, Brown and
MacKenzle (1972) proposed that tha poorer results obtained for
aninotriazole in the west wers dus to the wetter climate while
Holroyd et al., (1970) considersd that heavy drizzle immediately
after spraying may have been an important factor in ths fallure
of amninotriazole to suppress growth the following season.

Erskine (1963) summerising field trials carried out between
1953 and 1968 concluded for aminotriazole that rates of 5 and
7.51b/acre produced long lasting control entirely acceptable in
practice, Plota treated in 1959 and asseased in 1966 gave a
degree of control averaging 75% which he said was low due to
re—infestation from the edges of ths plots. OCne acre plots
treated in 1959 with 7.51lb/acre were in 1968 virtually free from
bracken in the centre, From a series of timing trials he found
that optiaum results were obtained from soraylng just before the
fronds fully unfurled while Volger and Rosgar (1972) using
lAC-aminotriazole showed that efficient movement of aminotriazole
would only occur late in the season when transport of assimilates
through the phloem and into the rhizomes was in an active phase.

Kirkwood and Fletcher (1961) indicated that the activated
formulation brought about a poorer response the year after spraying’
however, work done in Belgium (inon, 1963) showed that the
treatment of fully developed fronds with aminctriazole (non
activated) at 10-20kg/ha or aminotriazole (activated) 5-lOkg/ha
virtually eliminated bracken for 2 years, Further work (inon,l965)
revealed some regrowth had occurred in the fourth year after
spraying with aminotriazole (non activated) 10=-20xg/ha while
hardly any regrowth was observed following the use of the
activated formulatlon at 5=20kg/ha. Little work has been done
on the choice of activator, Varlet et al. (1964) replaced
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ammonium thiocyanate with sodium thiocyanate, howe%er, this
ylelded poorer results the following season,

Thus, from the literature cited it can be seen that
acceptable control of bracken can be achieved although poor results
have also been recorded.

These ars generally, although not always attributed to
rainfall shortly after spraying or spraying outwith that period
when active transport, of assiallates and presumably azninotriazols,
from frond to rhizome is occurring. Other less obvious factors
leading to differential levels of coatrol between sites also
seem to be of importance (Erskine, 1960; Kirkwood and Fletcher, 1961;
McLeod, 1961).

Mode of action in bracken does not seem to have been
investigated, however, the following factors have been implicated
for other plants : (i) disruption of purine synthesis resulting
perhaps in inhibition of cell division (Schweizer and Rogers, 1964;
Bartels and Wolf, 1965; Castelfranco and Bisalputra, 1965j
Gomaa, 1973}, (ii) non specific enzyme inhibition after
undergoing a one — electron oxidatisn to a free radical (Caatelfranco
and Brown; 1963) although Carter (1969) presents evidence which
strongly suggests a speciflc site of actisn, (iii) inhibition
of chlorophyll synthesis and chloroplast formation (Ashton and
Crafts, 1973) howsver the results of Burms et al. (1971) suggest
that the mode of action is more specifically linked with carotenoid
synthesis which is necessary to preveni chlorophyll destruction
and for chloroplast stabilisation, (iv) inhibition of
riboflavin synthesis (see 4.1), (v) inhibition of amino acid and
protain synthesis. Considerable controversy exists in ths
literature over the influence of aminotriazcle on hiatldine
biosynthesis (McWhorter and Hilton, 1967; Dawles, 1971;
Vivekanandhan and Goansm, 1972; Baumann and Gunther, 1976).

Bartels and Wolf (1965) and McWhorter and Hilton (1967) have
demonstrated that total free anino acid content increases in light
grown plants treated with aminotriazole whereas proteln content
decreases, Bartels and Wolf (1965) concluded that this was an
indirect effect resulting from inhibition of purine metabolisa
“while Brown and Carter (19638) concluded from their studies that
aninotriazole had no direct effect on protain synthesis,
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Obviously, a comprehensive review of the lltérature
concerned with the mode of actisn of aminotriazole is outwlth the
scope of this chapter and indeed its relevance might be questioned
anyway, however, the literature cited =bove outlines the basic
theories which are being investigated. Carter (1969) discusses
the earlier literature on most of these points and others in
considerable detail.

Agulang
} Asulam was first introduced as a herbicide in 1965 by
May and Baker Ltd (British Patents Nos 1,040,541 and 1,052,381),
its properties being first described by Ball et al., (1965) and
Cottrell and Heywood (1965). Its activity on bracken was first
recorded by Holroyd et al. (1970) who observsd excellent results
at rates of 4~8 1b/acre. It is now Government approved for
bracken control and carries a 50% grant towards the cost of control
end fertilizer appllcation, 2t present it is the only herbicide
which warrants this grant., The rscommended application rate for
asulsm is 1 gal/acre of a 40% Y/v a.i. solution of the sodium
salt (Asulox) which is equivalent to 4 lba.i./acrs (4.5 kg/ha)
although promising results have been obtained at 2,2 and L.l kg/ha
(Seragg et al., 1972). They also found that results between
- gites and under varying environmental conditions were very conéistent.
Thia type of result was not confirmed by the East of Scotland
College of Agriculturs (Anon, 1978) who found that results varled
with site, Dovsr (1975) found application rates of less than
3 1b/acre to be less satisfactory than 3 and 4 1lb/acrs although
it has recently bsen proposed (inon, 1377) that lower ratas sprayed
under favourabls conditions can give results equivalent to the
recommended rate, Soper (1972) concluded that within limits,
' the timing of application is probably more lmportant than the
.dosage rate, Optimum results appear to be achieved mainly from
. July/August sprayings, i.e. when the fronds are more or less fully
~ unfurled (Soper, 1972; Anon, 1974a; Veerasekaran st al., 1976)
and studies using 140-asulam have shown that the optimum time for
movement to the rhizomes is when the fronds are almost fully
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unfurled (Veerasekaran and Kirkwood, 1972; Veerasekaran et al,,

1976), i.e. when assizilate movement from the phloem to the rhizomes

is in the active phase. Thase results are very simllar to those

of Volger and R8sger (1972) working with l40~aminotriazole. At

this stage, accunulatiosn of the asulam is in the frond buds and
rhizome apices (Veerasekaran and Kirkwood, 1972; Veerasekaran et al.,

| 1976; Yukinaga et al., 1976) i.e. regions of meristematic activity.

Martin (1976) suaning up experience of asulam in Scotland
maintains that if applied at the correct time it will bring about
good short term control. Metcalfe and Davies (1977) and Anon (1974a)
have proposed that the rate of regsneration is inversely
bproportional to the initial degree of control while the importance
of follow up treatments by intensive grazing, particularly by
cattle to reduce this rate has bsen denonstrated (Dover, 1975;

Anon, 1977). _

With regard to its mode of action, Cottrell and Heywood (1965)
reported that the effects of the benzenesulphonylcarbamates are
similar to those of N~ phenylcarbamates, causing chlorosis and
inhibitory effects in apical and axial meristems e.g. rhizome
buds of Agropyron repeng by interfering with cell division and
expansion. Sterrett and Fretz (1975) reported mitotic irregularities
in onion root - tip cells including arrested metaphases and
anaphase and chronosome bridzes,

In braciken, Martin et al. {1972) showed a possible rsduction
in the weight of frond bearing rhlzome and abnormal development
" and death of frond buds. More specifically, Veerasekaran (1975)
demonstrated that it inhibited oxidative phosphorylation in bud
tissue while Veerasekaran et al., (1976; 1577) have shown that it
interferes with RN4 and protein synthesis in frond buds, eventually
leading to distortion, lignification and fissuering of the tlssues,
thus, these may be major sites of action.

Glyphogate

Glyphosate was first introduced as a herbicide by lMonsanto Ltd.
Its properties were first discussed by Baird et al, (1971).

On bracken, it has been highly successful in suppressing
growth using application rates of between 1.0 and 6.7 kg/ha(Anon,1974b;
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Scragg et al., 1974; Williams and Folasy, 1975; Lea, 1977) but
especlally 2t rates of 2 kg/ha and above., As with aminotriazoles
and asulam, spraying ia July and August when the fronds are fully
unfurled appears to be most effective (Anom, 1974b). In terms of
reducing frond density, glyphosate has shown slightly superior
results to asulam (Williams and Foley, 1975; Lea, 1977). However,
it has been shown to affect the underlying grass sward more severly
than asulam (Williams, 1377) end in addition, treatment is more
expensive (Lea, 1977). The effect on the underlying sward has
been shown to depend on the amount of bracken cover at the time
of spraying (Anon, 1974b). When spraying is done betore the end
of July, when the bracken canopy 1s dense, little damags is done
to the underlying sward but with progressively later spraying,
more damaga occurs,

One encouraying aspect of its effects on bracken is that
i1t not only supcresses frond density but also appears to reduce
the carbohydrate content of the storage rhizomes and the weight
of frond bearing rhizomes while asulam appears to have no effect on
these (Williams and Foley, 1975).

Outwith the bracken situation, other work has revealed that
tke following may be factors contributing to its mode of action :=

(1) disruption of chloroplasts, other organelles and
certain cells (Campbell et al., 1976; Hull et al., 1977),

(ii) inhibition of aromatic amino acid biosynthesis
(Jaworski, 1972; Roisch and Lingsns, 1974; Davis and Harvey, 1976;
Haderlie, 1976), |

(111) delaying the onset of dominance in decapitated
rhizome fragments of Agropyron rspens (Chancellor and Leakey, 1972),

(iv) starch grain disappearance (Hull et al., 1977).

5.2 EXPERDMINTAL

5e201e Matel L Ql 3

Weedazol TL (contains 21b of aminotriazole and 1l.851b of
ammonium thioeyanate per gallon) was purchased from A.H. Marks and Co.
Ltd. Asulox (sodium salt of asulam 40%"/va.l.) was purchased from
May and Baker Ltd. Roundup (contains 430 g/litre isopropylamine
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salt of N ~ phosphonomethyl glycine - equivalent té 360 g/litre
glyphosate) was purchased from Monsanto Ltd, All other chemicals

were as previously described (see 2.2.1; 3.2.1; 4e2.1)s

5.2.2 HMethodg

All field experiments were carrisd out at Carbeth,
Stirlingshire (Grid reference IS 527798). Spraying was done with
an ICI Mark 3 Knapsack Sprayer at an output pressure of 30 p.si.
As far as possible, spraying was done around the period of full
frond development.

1976 Field Experiments

Three experiments were set up in 1976, these were as follows:
1. Influence of polysorbate 20, glycerol and their combination
on control of bracksn by aminotriazole and a comparison of the
control by these formulations with that of the commarcially uased
formalation, Weedazol TL. 2. Influence of a DMSO/polysorbate 20
"additive combination on control of bracken by aminotriazola,

3. The effect of spraying with Weedazol TL followed by cutting
of the fronds at ground level at varying time intervals after
spraying. A measure of regrowth the following season should
therefore give some indication of the rate of translocations. This
should have the following advantages over the use of radio=labellsd
aainotriazole 3 -

() it is cheaper,

(b) thers is not the rastriction of application to a few -
fronds which the use of radio-labelled chemicals imposes,

(¢) effactivensss of treatments can be dirsctly assessed
the following season. In radio=labelled studies it is normally
- only possible to measure label accumulation at various growing
pointa ete,.

In all thrse experiments, plot size was 5x5m with a 2m path
between plots. A randomised block design with 4 replicates per
treatment was used in each case., Spraying was done at a volume
rate of 1 1/plot (400 1/ha) (see Appendix I) and aminotriazole
was applied at a rate of 21 g/plot (7.5 lb/acre or 8.4 kg/ha approx).
For details of the method of treatment assessment refer to
Appendix I.
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Exveriment 1

On the basis of thes results obtained in Tables 2.5 and 2.8b
which revealed that (i) a 1/2 w/w ratio of aminotriazole/
polysorbate 20 brought about optimum penetration and (ii) penetration
could be increased by the addition of a small amount of glycerol
to the spray solation. The polysorbate 20 concentration used in
the formulation was calenlated to be 44.%3 g/litre of spray
solution and the glycerol concentration to be 0.6 ml/litre.
Including controls there were 9 treatments. These werzs as follows:i-
(1) aminotriazole, (ii) Weedazol TL, (iii) aminotriazole +
glycerol, (iv) aminotriazole + polysorbats 20, (v) aminotriazols
+ polysorbate 20 + glycerol, (vi) glycerol, (vii) polysorbate 20,
(viii) polysorbate 20 + glycerol, (ix) no treatment.

The plots were laid down on 21,7.76 and sprayed on 24.7.76.
Frond densities and heights were assessed the following year on
8.7.77. Re~assessment oi heights wuaa carried osut on 22.9.77.
Preliminary investigations revealed that frond denaities had not
increased and hence these were not re-ssaegsed. Frond densities
in those plots treated with Weedazol TL were sasseszed 2 years
after gpraying, on 11.8.73.

Experiment 2

At the time of setting up tinis experiment, the only results
available were those ia Tables 3,1 and 3.2 on DMSO and
polysorbate 20, other humectants and the influence of low humidity
on their effects had not been tested. Thus, it is for this reason
only that DMSO was used. Judging from later results and
. observations, perhaps the non volatile polypropylene glycol 400
might hava been a better candidate, or else higher concentratiocns
of DMSO to combat the possibility of low humidity having an
influence on penetration.

The concentrations of additives used in the formulation
were : DMSO - 5 21/1itre of spray solution, polysorbate 20 -
1 g/litre. The experiment consisted of 4 treatments, these were
as follows : — (1) aminotriazole, (ii) aminotriazole + DMSO +
polysorbate 20, (ii1) DMSO + polysorbate 20, (iv) no treatment.

The plots wsre laid down on 26.7.76 and sprayed the
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following day. Frond densities and heights were assessed the
following year on 29,6.77 and heights re-assessed on 22.9.77.

Exoeriment 3

This experiment consisted of 8 treatments, these were as
follows ¢ -

(1) Plots sprayed and cut imaedliatsly afterwards (Odays).
(i1) Plots sprayed and cut after 1 day.

(i11) Plots sprayed and cut after 3 days.

(iv) Plots sprayed and cut after 6 days.

(v) Plots sprayed and cut after 12 days.

(vi) Plots sprayed and left uncut.

(vii) Plots unspraysd and left uncut.

(viii) Plots unsprayed and cut O days.

The plots wsre laid Aown on 3.8.76 and sprayed on 5.8.76.
Frond densities and heightas were assessed the following yesar on
6.7.77. Again, further density assessment was not required,
however, heights were re-assessed on 22.9.,77.

It was intended that pe~etraitisn studies sinilar to those
carried out in Chapters Two, Three and Four should be carried out
in ths field in order that the times taken for penetration and
for translocation might be distinguighead when considering the
overall effect of cutting. IHowever, slight showers of drizzle
comnenced soon after gpraying was begun., It was felt that these
would be unlikely to affect the spraying as a whols, but could
make any penetration studies meaningless while studies which were
not run concurrently with the spraying programme could be very
nisleading,

' Pleld Experlment

This experiment was devised bearing in mind results and
observations obtained from Experiment 1 the previous year, it
conslsted of L treatments as follows & -

(1) Aminotriazole + polysorbate 20 + glyeerol,

(i1) Weedazol TL,

- (111) Aminotriazole + polysorbata 20 + glycerol + ammonium
 thiocyanate (NH AscN).

(iv) Control - untreated,
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Experimental design and all application rateﬁ were as
previously described for Experiment 1 (1976). The concentration
of HH4331 in treatment (1ii) w2s the same as that in the
Weedazol TL formulation., The plots were laid down on 2%.7.77 and
sprayed on 8.8,77. Frond densities were assessad the following
year on 20.,7.78 and heights measured on 8.9.78., Detalls of the
method of assessment are given in Appendix I.

In addition to trkis excercise, a small penetration experiment
as per Chapters Two = Four was set up in the field omn 23,8.77 to
compare the rates of penetration of the Weedazol TL formulation
with that of the aminotriazole + polysorbate 20 + NHASCN + glycerol
formulation at varying intervals up to 24h. The aminotriazole
a.i. rate was 9 pg/ pl. 10 ul of each formulation was applied to
leaflat pairs 2-6 from the base of the third aad fourth palr of
- pinnules from the base of the second lowermost pair of pinnase of
10 fronds. One pinna had the 4 pinnules treated with one
formulation and the other pinna with the other formulation. Two
fronds-were-harvested at each time interval (1.5, 3, 6, 12 or 24h),
the pinnules washed in 25ml deionised water and analysis was
carried out as previously deseribed (see 2.2.2.7). Lanolin
barriers were used to prevent spreading beyond the treated area.

1973 Fileld Exvperiments

Two experiments have been sst up as fsliows := 1. The effect
of certain salts uased in the free radical inhibition studies in
Chapter Four on the scorching, translocation and overall
performance of aminotriazole and asulam, 2, The effect of varlous
_glyphosate application rates on bracken control. This experiment
was sat up in conjunction with Horman Stephen aud the results
will form part of his thesis.

On the basis of results and observations from the previous
two years' work it was decided to increase plot size to 7x7a with
e lm path between plots. A random block design was again used,
but with 3 replicates instead of 4. Spraying was done at a volume

rate of 2 1/plot (400 1/ha approx,) (see Appendix I),
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Ex men

On the basis of results obtained in Chapter Four which
revealed that iodide and thiocyanate salts were capable of
inhibiting the breakdown of both anianotriazole and asulam in free
radical generating systems and fleld observations over the previous
two years wﬁich revealed that the omission of NHASCN from
aaninotriazole formulations resulted in considsrable scorching of
the bracken soon after spraying and poorer control the following
geagon, it was decided to incorporate NH4SCN and sodium fodide
(NaI) into aminotriazols formulations and HHASGN into an asulam
formulation in an attempt to cut down scorching by both herbicides.
Veerasekaran et al. (1976) have reported that sarly spraying
with asulam results in severs scorching of the fronds probably
reducing basipetal translocation. In addltion, ammonium nitrate
(NH 41\103) wa3 incorporated into an aminotriazole formulation, this
compound had shown little or no activity in the free radical
generating systems tested. Aminotriazole was applied at a rate of
35.72/plot (6.51b/acre or 7.3kg/ha approx.), asulam was applied as
Asulox at a rate of 4 pinta/acrs (21b a.i./acre or 2.2kg a.l./ha
8pprox. ).

Two ratios of aminotriazole/NH 4SOV were formulated, these
‘differed from Weedazol TL in that ths molar ratio of aminotriazole/
NH4§CN was not 1/1. The concentration of HHASCN present was based
on the concentration which should be in a Weedazol TL golution
being applied at a rate of 8.4kg/ha apgrox. (7.51b/acre) since
this concentration had reduced scorching considerably and control
the following ysar was reasonably acceptable. Hence, if the thsory
put forward In Chapter Four is correct, it will not be the ratlo
of aminotriazole/\H ASSN which is lmportant, but the actual
concentration of NHLSCR. Therefore, the two ratlos of aminptriazole/
NH4$CN which wers applied wers 1/1.15 and 1/3.45. The latter ratic
was included to detarmine whether a further increase in NH4§GN
concentration might reduce scorching further and perhaps enhance
control. The aninotriazole/Nal and NH,NO,formulations were both
applied at & 1/1.15 ratio. The asulaxn/iE 4scn formulation contained
the same concentration of NH,SCN as present in the 1/1,15
aminotriazole/NHASCN formulation (38.1g/plot or 7.8kg/ha).
Aminotriazole was used at a rate of 7.3kg/h& since at B.Akg/ha
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as weedazol TL, frond density reductions of >80% had
consistently been observed previously and therefore, differences
in thes dsgree of control between the two thiocyanate formulations,
if present, might be difficult to distinguish., It was felt that
a reduction of about lkg/ha in the applicatlion rate might be
sufficient to enable any differences to be assessed. Similarly,
Asulox was applied at a rate of 2.2kg a.i./ha since at this level
proaising results have haen obtained (Scragg et al., 1972), at
JAPA'S: 4 a.i./ha, frond density reductions of>90% could be expected
(Dover, 1975) which would again make it difficult to distinguish
any differences between the Asulox and the Asulox/NHASCN
formulations,

Including controls, this experiment consisted of 12
treatments. These were as follows :- (1) aminotriazole,
(11) aminotriazole + NHLSCN 1/1.15, (iii) aninotriazole +
NH4$cn 1/3.45, (iv) aainotriazole + Nal 1/1,15, (v) amlnotriazole
+ NH4§03 1/1.15, (vi) Asulox, (vii) Asulox + NH, SCN,
(viii) NH,SGN-alone (33.1g/plot), (ix) NH,SCN alone (114.3g/plot),
(x) Nal alone (74.9g/plot), (xi) NHANOBalone (40.0g/plot),
(xii) control-untreated, All formulations except the Asulox
and Asulox + NHASCN contained 1g/litre of polysorbate 20 to

improve wetting and reduce surface tensions etc. The plots wers
laid down on 8.8.73 and sorayed on 22.8.78.

Expepriment 2

This experiment was devised (a) in an attempt to break
bud dormancy and stimulate growth. As pointed out by Veerasekaran

et al, (1976), bracken owes much of its success to the abundance

of active and dormant buds and since 1t 1s believed the latter
escape affecta from herbicide treatments then any treatment which
~ breaks dormancy would be of obvious advantage if followed by a
"lethal"™ herbicide dosage. Glyphosate has been shown to break
bud dormancy in other plants (Parksr, 1976) at low levels,

(b) to assess the effacts of higher apolication rates on frond
density, the underlying grass sward, carbohydrate content of the
storage rhizomes and bud viability., Williams and Foley (1975)
have shown that glyphosate has a considerable effect on the total
carbohydrate content of the storage rhizomes, In additionm,
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Ng&SGN (38.1g/plot) was incorporated into a glyphosate
formulation being sorayed at a rate of 0.56kg/ha (0.51lb/acre approx.)
to deteraine whather coatrsl conld ba enhanced., This glyphosate
rate was chosen since a oreliminary experiment in 1977 at
0.56kg/ha had brought about Irond density reductisns of 3855 8DDTOXe
although the emerging fronds were quite vigorous (mean haight
73cm approx., controls 132cm approx.) and most showed no chlorosis
and much less necrosis than would be typical of emsrging fronds
from plots treated with aminotriazole. These measurements were
taken towards the end of the season on 8.9,78.

The experiment consisted of 8 treatments, these were as
follows :~ (i) control- no treatment, (ii) 0.02kg/ha,
(111) 0.07kg/ha, (iv) 0.56kg/ha, (v) 2.22kg/ha, (vi) 4.45kg/ha,
(vii) 8.89xg/ha, (vili) 0.56kg/ha + NHI;SGN (38.1g/plot or
7.8kg/ha). The plots were laid down on 2.8.78 and sprayed on
17.8.78.

5.3 RISULTS, DISGUSSION AND CuUNOLUSTIONS

1276 Fleld BExpariment

Experiment 1

Spraying was done on a relatively hot dry day. Visual
insbection of the plots carried out 48h after spraying revealed
extensive aninotriazole reecrystallisation on the frond surfaces
of those plots sprayed with aninotriazole alone, There was also
* gome indication of scorching of the fronds in gome of the plots
which had been sorayed with formulations containing aminotriazols,
‘but not those sprayed with Weedazol TL, Further inspection 72h
after spraying revealed that there was still aminotriazole
recrystallisation on those plots treated with aminotriazole alone
but not in such great quantlties. Those plots treated with the
Weedazol TL formulation showed slight scorching while all other
aninotriazole treated plots showed heavy scorching. The first
rain was obgerved 6 days after spraying and by this time there
was no evidence of aminotriazole recrystallisation on the frond
surfaces, An inapection 1l days after spraying revealed the
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following points := (i) all aminotriazole sprayed plots except
those sprayed with Weedazol TL were heavily scorched while in
addition there was a distinct lecx of chlorophyll in some of the
new growth, (ii) the untreated plots showed some very slight
scorching, most probably from spray drift, (iii) those plots
treated with polysorbate 20, glycerol or polysorbate 20 + glyecerol
showed slightly more scorching and slight chlorosis of the new
growth, (iv) the Weedazol TL treatad plots showed a degree of
scorching similar to that found in (ili) above but no chlorosis

of the new growth.

The considerabla scorching of the amilnotriazole treated
ploté (not, Weedazol TL) brought about prematurs dylng back of the
fronds which resulted in considerable litter accumulation which
psrsisted throughout the following season and may have been at
‘least partly responsible for the suppression of grass growth
sincs the more severse suporsssion nearly always coincided with
areas of considerable litter accumulation. This accumulation was
not so obvious in Weedazol TL treated plots,

Agsessment of control the year after spraying (Table 5.1)
revealed no significant differences in the degree of control
obtained for aminotriazole alone, aminotriazole + polysorbate 20,
aninotriazols + glycerol and aiinotriazole + polysorbate 20 +
glycerol while the Weedazol TL formulation had brought about
significantly bettsr control. Thase results corresponded to a
97% reduction in frond density for the Weedazol TL formulation
and a mean of 65% reduction for the othar aminotriazole formulations,
None of the additives had any effect on growth,

Thus, it would appear that reduced scorching is accompanied
by increased control the following season (Plate 5.la) and that [
NHASCN is the governing factor in this process. It would appear
unlikely that rapld penetration was causing scorching since in
those plots sprayed with aminotrlazole alone there was still a
- considerable quantity of aminotriazole on the frond surfacea
3 days after being sprayed and slight traces after 4-5 days.

This was c¢losely followed by considerable rain after 6 days which
would likely have been sufficient to remove any residue, if present,
from the fronds.

From these observations and the literature available (see 4.l)
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Table 5.1 Influence of polysorbate 20, glycerol and their

combination on control of bracken by aminotriazole

and a comparison of these treatments with Weedazol TL

ATA + glyc?

ATA+P20+glyc.

P20

glyc.

P20 + glye.

control

22,9 £ 2.9

1+

27.2

47.9 = 4ol
47.9-% 11.6
95.2 = 5.3
96.3 = 8.3
93.7 = 7.4

98.1 % 3.5

Treatment MyF = 15D uE L 1spP e X 15D
8.7.77 8.7.77 22.9.77
ATAC 25.9 ¥ 11.1 50.3 * 11.4 67.3 = 9.9
: o+ + o+
atA + P20 26.7 £ 10.0 46.7 % 10.7 61.0 ¥ 9.5

163.3 = 13.3
645 = 13.5
129.9 = 6.9
128.3 X 3.4
129.6 = 6.5

133.8 % 3.8

o & O T

Mesn number of fronds/m® - standard deviation (n-1 degrees

of freedom)

Mean frond height il standard deviation (n-l degrees of freedom)

Aminotriazole
Polysorbate 20
Glycerol
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(the experimental work in Chapter Four had not been commenced
at this point) it would appear that in this instance at least,
penetration wag not the 1iziting factor, but in f2ct translocation.
Re~assessment of “he plots in 1978 revealed considerable

regrowth on those plots sorayed with azinotriazole, asinotriazole +
polysorbate 20, aminotriazole + glycerol and aninotriazole +
glycerol + polysorbate 20, Frond deansities were measured on

those plots which had been sprayed with Weedazol TL, the rasults
| indicating a mean frond density of 4.9 f‘ronds/in2 21 SD of 2.0
fronds/hz. (On the basis of the number of fronds/ﬁx2 in the control
‘plots in 1976 this would represent a reduction in frond density

of 93%). The grass sward appeared to have almost totally
recovered (Plate 5.1b) and sheep were grazing freely on these and
many of the other plots which showed poorer control, but not on

the control plots.

Expe n

Spraying was again done on 2 warm dry afternoon. Scorching
g on all thse

=

of the fronds began to aposar 48-72h after sorayis
aalnotriazols treated plots, There was some slight recrystallisation
of aminotriazols visible on those plots treated with aminotriazole +
polysorbate 20 + DMS0 but considsrably more on those trzated with
aunirotriazole alone., The first rain was obsarved 72h approx.
after spraying. 10 Days aftar gpraying, the following poinis
were observed :~ (i) on all plots treated with aminotrlazole
thers was considerable scorching and chlorosis of the new growth,
(1i) on those plots treated with DMSO + polysorbate 20 only
iélight chlorosis and scorching waz observed, (1ii) thers was very
3light scorching on 2 of the control plots, probably due to spray
drift,
Again, aminotrlazole treated plota dled back prematurely
with a resulting accumulation of litter the following season,
Assessment ths following ssason (Table 5.2) revealed that
the aninotriazole + DMSO + polysorbate 20 formulation was

significantly more effective in terms of both froad density and
height reductions than aminotriazole alone., However, in both

cases control was not really satlsfactory. Those plots sprayed
with DMSO + polysorbate 20 alone showed no siganificant effects.
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Plate 5*1 Influence of various aminotriazole formulations

on bracken control.

(@) Background-control;
mid picture - typical of
aminotriazole without

NH,.SCN; foreground -

H

Weedazol TL treated.

(One year after treatment.)

mmmmmino

(b) Weedazol TL treated. (Two years after treatment.)
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Table 5.2 Influence of a DMSO/polysorbate20 additive

on control of bracken by aminotriazole

combination

Trestment mr  1sp® ve ¥ 150 ME ¥ 15D
29.6.77 29.6.77 22.9.77
© ATAC+DMS0+P202 22.6 £ 4.0 45.5 % 2.2 73.3 £ 11.9
ATA 3L.8 2 4u4 56.7 = 8.6 92.8 £ 3.9
, + ' + +
" Control 7.3 X 9.7 88.3 X 7.6 135.1 £ 5.1

a Mean number of fy:onds/n'f2 h standard deviation (n-l degrees

of freedom)

b Mean frond height ? standard deviation (n~-1 degrees of freedom)

¢ Aminotriazole

d Polysorbate 20
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It would therefore appear that increased control from the
aminotriazole-+ DMSO + polysorbate 20 formulation was due to an
increase in the rate of penetration. The rainfall 72h after
spraying would probably remove any surface residues, this would
be more important in the case of those plots sprayed with
aminotriazole alone where there were still congiderable deposits,
hence the difference in control the following season. Grass
growth undsr all plots treated with aminotriazole was affected to
some extent, however, it had totally recovered by the following year
although, as expected there was also considerable regeneration

of the bracken.

Expsriment 3

Spraying was done on a cool, overcgst day. Soon after
spraying was begun, two or three slight showers of drizzle were
experienced, however, after this there was no further rain for
6 days. The slight scorching of the fronds in those plots left
uncut for the longer periods (6 days, 12 days and uncut) after
spraying followed a similar pattern to that obgerved for
Weedazol TL in Experiment 1.

 Assessment the following year revealed that only from thoss
-plots sprayed and cut 6 days later and onwards was there any sign
‘of effect and even at 6 days this effect was not significant.
Cutting after 12 days was followed by significant reductions in
both frond density and height although density was still quite
high, 47.8 fronds/m> compared with 72.5 fronds/m> for those plots
unsprayed and cut at O days. The cutting process itself had no
significant effect on frond density as can be seen from a
comparigon of plots which were unsprayed and uncut with those
unsprayed and cut at O days although frond height was affected.
In those plots sprayed and left uncut, frond density was reduced
to 9.6 fronds/m> (Table 5.3).
. .The cutting of fronds will not only remove the aminotriazole
source but due to interuption of assimilate movement from the
fronds may also affect the movement of aminotriazole within the
rhizomes preventing or at least reducing accumulation in the
rhizome buds which have been shown to be the main sinks for the
herbicide (Volger and RBsger, 1972). '
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Table 5.3 The effect of post - spraying cutting of the bracken

at ground level on subsequent control by Weedazol TL

Treatment MNF = 15D® MH & 1sDP ME I 18D
6.7.77 6.7.77 22.9.77
g:lzzgzayed, 6704 ~ 11.3 86.0 = 2.7 127.1 ¥ 10.3
Unsprayed, 72.5 % 6.5 72.9 = 4.8 99.7 < 5.7
¥

Sﬁgageg;.ys 3.5 9.2 7.2 Z0.4 95.3 = 6.0
| Spia{eg; 78.8 6.1 70.2 = 4.2 99.0 = 11.2

cu v

iﬁ?ﬁeﬁg 70.3 2 8.3 68.7 = 1.5 98.3 = 3.3

days |

ngagegé 60.2 = 10.9 63.9 = 4.7 90.7 = 14.2

c ys

Spia{:ezdaa 47.8 = 13.3 49.0 = 8.6 70.8 = 16,7

ca ¥s .

Spraged, 9.6 = 5.0 38.9 = 5.2 46.2 1 7.5

unew

a Mean number of fronds/m> - standard deviation (n-l degrees

of freedom)

b Mean frond height + standard deviation (n-1 degrees of freedom)
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Presumably, once penetration had occurred, translocation
should have been more or less at a maximum since the fronds had
just become fully unfurled. Therefore, if one considers that
application must be made to fronds which are fully or almost
fully unfurled for effective translocation to the rhizomes to
take place and that rhizome apex and bud growth, which will
presumably favour herbicide accumulation by acting as active
sinks at this stage, ceasss in early autumn (Watt, 1950; Conway
and Stephens, 195L) then the timing of application is obvicusly
very critical, especially since penetration increasingly limits
~ effectiveness in older fronds (McIntyre, 1962; Veerasekaran et
al., 1976) and translocation will decline as a result of decreasing
day length and death of the fronds. The results depicted here
- would suggest that the entire penetration/translocation process
from penetration of the fronds to accumulation in the frond buds
and rhizome apices may take a matter of weeks rather than days.
Hence, application should be as early as possible, therefore
calling for much more detailed studies of the movement of
herbicides in relation to carbohydrate movement in order that
this may be accomplished without loss of effectiveness dus to
acropetal tranaslocation.

In Experiments 1 and 2 almost all emerging fronds were
necrotic and chlorotic, in Experiment 3, only those plots which
were sprayed and uncut or sprayed and cut after 12 days were
seriously affected.

1977 Field Exveriment

It is obvious from the results of the 1976 experiments
that the influence of HH4$GN on the effectiveness of aminotriazole
formulations was grossly underestimated. Henee, the
investigations set out in Chapter Four were initiated. In additioh,
this single experiment was set up to determine the influemce of
NHASGN on the aminotriazole + polysorbate 20 + glycerol
formulation used in Experiment 1 (1976).

" Spraying was carried out on a warm dry afternoon. This
dry weather continued for a period of many days after spraying.
Observations made 10 days after spraying revealed the following
points :~= (1) the aminotriazole + polysorbate 20 + glycerol
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formulation had caused considerable scorching of the fronds
typical of that found the previous year (Plate 5.2a), (ii) the
Weedazol TL and aminotriazole + polysorbate 20 + glycerol +
NﬂéscN formﬁlations caused very much less scorching (Plate 5.2b),
there appeared to be no difference between the two, (11i) the
control plots showed virtually no scorching.

From visual assessment of the plots the following season
it was felt that there was an increasing order of effectiveness
in the three treatments ; aminotriazole + polysorbate 20 +
glycerol being least effective and aminotriazole + polysorbate 20
+ glycerol + NHASCN being most effective. However, statistically,
these differences were not significant (Table 5.4).

From Figure 5.1 it can be seen that there is little
difference in the ratss of penetration of the Weedazol TL and
aminotriaiole + polysorbate 20 + glycerol + NHASCN Pformulations
up to 12h. However, after 24h a significantly greater amount
" had been taken up from the latter (28.4% as against 47.9%). In
Experiment-1 (1976) where no NH,SCN was used, translocation
appeared to be the limiting factor, in this case, efficiency of
penetration could account for the observed differences between
the two formulations although it is doubtful whether this

formulation would be cost effective. However, in the light of
these results and those in Chapter Six which indicated more
efficient penetration of the lower surface of bracken pinnae
from an aminotriazole formulation containing the same concentrations
of polysorbate 20 and glycerol as above compared with Weedazol TL
within quite a short time interval (4.5h), further work on the
use of surfactants in aminotriazole/NHASCH formulations could
be of considerable value., This would be particularly so if
application was by & mist blower to mainly the lower surface
or even by helicopter where the downwash from the blades could
expose more of the lower surface of the pinnae.

One factor which was overlooked whén this experiment was
set up was the inclusion of an NH,SCN control. However, since
it is a contact herbicide (Briam, 1976) and since contact damage
was reduced by its inclusion in formulations, any significant
effects would seem unlikely. NH,6SCN controls have however been

4
built into the 1978 experiments.
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Table 5.4 A comparison of the effectiveness of three

aminotriazole formulations :

Weedazol TL,

aminotriazole + polysorbate 20 + glycerol and

aminotriazole + polysorbate 20 + glycerol + N

4

Treatment MNF - 15D ME % 1spP
20.7.78 8.9.78

. ATA® + P20+ 421 1.2 49.8 X 17.3
glyc® + NH, SN
Weedazol TL 7.3 % 2.6 48.4 % 15.9
ATA + P20 + 12.8 2 8.5 62,1 2 16,2
glye '

+ +

control 42.1 ~ 5,9 153.,7 -~ 16.3

& Mean numbers of fronds/in2 Z standard deviation (n~1 degrees

- of freedom)

o & 0 ©

Glycerol

‘Mean frond height z standard deviation (n-l degrees of freedom)
Aminotriazole
Polysorbate 20
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Plate 5.2 1Influence of various aminotriazole formiilations
on the scorching of bracken fronds in the year

of spraying.

(@) Aminotriazole + polysorbate 20 + glycerol (no NH4 SCN)

(b) NH4. SCN - containing formulations
(Weedazol TL or aminotriazole + polysorbate 20 + glycerol
+ NHASCN)
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Figure 5.1 Influence of formulation on aminotriazole uptake
by bracken pinnules.
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The grass sward under all plots treated with aninotriazole
was found to have bsen seriously afifected when assessed on
20.7.78. There was considerable litter accumulation on all
treated plots which was probably partly responsible although
frond numbers on this site were not so dense as those in the
1976 experiments and hence direct contact of the spray with the
underlying sward would be more likely. By the middle of September
there was considarable recovery. Those fronds which did emerge
ware typically necrotic and chlorotic.

1978 Field Expsrimentg

Obviously, only observations on the degree of scorching of
the fronds and the underlying grass sward are available at this

time, howevar, these do raise some interesting points.

Experiment 1

Spraying was done on an overcast cool day, however, no rain
was observed for a period of several days after spraying. It would
have been preferable if spraying could have been done 3-4 weeks
earlier, however, weather conditions made this impossgible.

The following points on the degree of scorching of the
fronds were noted 8 days after spraying :-

(i) Plots sprayed with aminotriazole alone and aminotriazole
+ NH4N03 showed moderate scorching (Plate 5.3a) while NH4NO3
alone had no effect. This scorching was much less severe than
that observed in the previous two years end this is probably
attributable to the lateness of spraying. Similar obgervations
have been made for other chemicals (Norris, 1960; Veerasekaran et
al., 1976). Such results have in the past been explained on the
bagis of poorer penetration later in the season (Norris, 1960)
and indeed decreasing penetration with increasing frond age has
been demonstrated (Veerasekaran et al., 1976). However, if scorching
with aminotriazole in the absence of NHASCN is due to conjugate
formation then differential scorching could be at least partly
explained on the basig of the leovels of certain plant constituents
involved in these reactions at different stages in the growth
cycle e.g. serine which is involved in 3-ATAL formation (Carter,1965)
or phenolic compounds which could act as reaction inhibitors.

31i) Plots sprayed with aminotriazole + Nal and Nal alone

caused considerable scorching. The Nal would therefore appear to
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Figure 5.2 Structures of some herbicides used in the

control of bracken.
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be responsible for this. The effect of such rapid scorching is
difficult to predict, however the addition of diguat to an
aminotriazole/NHASCN foramulation has been shown to have a similer
effect and ultimately to reduce effectiveness (Arbonnier, 1944;
Varlet et al., 1244).

(1ii) Plots sprayed with aminotriazole/NH,3CN 1/1.15 or
NHASGN alone at the same concentration (38.1g/plot or 7.78kg/ha)
showed slight orange-brown scorching at goms of the pinnule tips.
This type of scorching was totally unlike that from plots sprayed
with aminotriazole alone and aminotriazole + NHANO3 and much less
severe (Plate 5.3b).

(iv) Plots sprayed with aminotriazole/NH,SCN 1/3.45 or
NH4§GN alone at the same concentration (114.3g/ plot or 23.3kg/ha)
caugsed similar but more severe scorching to that in (1i1).

(v) Plots sprayed with Asulox caused similar scorching to
that found for aminotriazole (Plate 5.3c).

(vi) Plots sprayed with Asalox + NHASCN caused similar
scorching to that found for aminotriazole/NHASCN 1/1.15 and NHASCN
alone at that conceatration. This scorching was unlike that
caused by Asulox alone and much less severe (Plate 5.34).

The observations of the behaviour of Asulox + NHASGN are
particularly encouraging and it would appear that there is a
strong possibility of NH430N being of use in Asulox formulations.
The addition of NHASCN may cut down the severe scorching which
can appear after early season spraying and may encourage more
efficient translocation, provided assimilate movement 1s in ths
correct phase.

E ent 2

Spraying was done on a reasonably warm sunny afternoon.
The first rainfall occurred approximately 36h after spraying.
Obgervations made 13 days later revealed the following -

(i) at 0.02kxg/ha the fronds were virtmally unaffected,

(ii) at 0.07xg/ha the fronds were very slightly scorched at
the tips of the pinnulaes, :
' (1ii) at 0.56kg/ha there was some scorching of the pinnule
tips, more so than for 0.07kg/ha,

(iv) at 2.22, L.45 and 8.89kg/ha there was scorching of
the pinnule tips. There was no obvious difference betwsen these
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Plate 5.3 1Influence of NH‘.lSCN on the scorching of bracken
fronds by aminotriazole and asulam in the year

of spraying.

(@) Aminotriazole

I3

vs’!' .lvl

() Aminotriazole + NH.SCN
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Plate 5.3 (contd.)

SSs1S?

(c) Asulam

(d Asulam + NH4. SCN
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levels in the degree of scorch,which was not really severe.

(v) at 0.56kg/ha + NH ,SON the scorching took the form of
a more overall lightening in the colour of the foliasge as well as
the scorching of the pinnule tips. This gave the appearance of
a more severe scorching than any of the other treatments.

Further observations on both experiments regarding the
degree of damage to the sward were made on 10.11.78. These
revealed the following points :-

(i) Plots sprayed with glyphosate at 0.02-0.56kg/ha ~
NHA§CN had little effect,

(ii) The effects of glyphosate at 2.22-8.89kg/ha varied
from moderate to almost complete kill of the sward, depending
apparently on the density of the fronds,

(iii) Aminotriazole formulations caused slightly less
damage than glyphosate at 2.22-8.89kg/ha. The aminotriazole +
Nal formulation appeared to have less effect than the others.

(1v) Asulox and Asulox + NHASCN had little or no effect
on the sward,

Further trials are now being planned to investigate the
influence of other free radical inhibitors on the effectiveness
of aminotriazole and possibly asulam while depending on the results
of the 1978 trials, further trials into the effect of NH,6SCN on

4 4
other herbicides such as 4~CPA and 2,4-D may be set up.




Chapter Six

THE INFLUENCE OF MORPHOLOGICAL CHANGES IN
BRACKEN PINNAE ON THE DPENZETRATION OF

FOLIAR APPLIED AMINOTRIAZOLE

6.1 INTRODUCTION

Bracken is the most widely distributed of the pteridophytes,
indeed, it is presasnt throughout the world except in hot and
cold desert regions and with the possible exception of a few
annual weeds it is probably the most widely distributed vascular
plant (Page, 1976). It is unlike many other pteridophytes which
are restricted to damp, shaded environments in that it may exist
readily on relatively dry heaths and hiilsides (Clapham et al.,
1962). 1In fact, it may completely dominate in such environments
to the exclusion of all other plant spscies, thereby rendering
the land quite useless for grazing. Its ability to colonise
such widely differing habitats would appear to be at least in
part due to its morphological plasticity and in particular its
ability to assume a xerophytic frond morphology in the more
exposed situations (Boodle, 1904; Woodhead, 1906; Bright, 1923).
Tinklin and Bowling (1969) have suggested that the greater
efficiency of stomatal contral of water loss may also help to
explain its success under xeric conditions while in addition to
this, Bright (1928) has shown a definite decrease in the number
of stomata per unit area as the degree of exposure increases.,
Such changes in morphology are likely to influence the rate of
penetration of foliar applied chemicals and hence this could have
a considerable influence on the effectiveness of a spray treatment.
Obviously, such factors as fromd density, surface area of pinnae,
angle of pinnae etec. will all have an important role in determining
the effectiveness of a treatment due to effects on spray retention.
HBowever, it was decided to choose fronds whose gross morphologies
were extremes and to limit the investigation to factors influencing
the penetration of their surfaces i.e. cuticle thickness,

stomatal density and to rats of water loss.
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For this purpose, bracken growing in three differing
environments were chosen for study. These were as follows,
and for the puroose of the discussion will be referred to as
types (i), (ii) and (iii) :=~ type (i) - bracken growing under
shade, type (ii) - bracken from within the main stand and

type (iii) - bracken from around the edge of the stand.

6.2 SITE D&ESCRIPTION

Drumclog Muir in Stirlingshire (Grid reference NS 552757)
wag chosen as the site of study since all three types of bracken
could be found within a radius of 25 metres on a shallow west
facing slope.

v Type (i) bracken was found growing under the moderate shade
of downy birch (Betula pubescens Ehrhart) at the base of the
slope and in relatively damp conditions. Numbers were sparse

{1 or 2/h2) and very variable in height (40-160cm approximately).
The soil was an acid brown earth with slightly impeded: dtainage
and with a-well developed (l5cm approximately) organmic horizon.
Other plants typical of this community included (a) two other
species of fern; lady fern (Athvrium filix~femina (L.) Roth)

and Dryopteris sp. and (b) the following grass species; wavy
hair-grass (Deschamosia flexuosa (L.) Trinius), creeping soft—
grass (Holecug mollis L.) and Agrostis sp. (Plate 6.la).

Type (ii) bracken growing within the main stand on a freely
drained acid brown earth with a fairly well developed organic
horizon (7-9cm approximately) was approximately 140-160cm in

‘height and at a density of 30-40 fronds/m®. The other main
components of the plant community were the following grasses;
sheep's fescue (Festuca ovina L.), Agrostis sp., wavy hair-grass

and creeping soft-grass. (Plate 6.1b).

Type (iii) bracken consisted of the small fronds (< 60cm in
height) growing in a blaeberry (Vaccinimm myrtillus (L.) Hull)
dominated community immediately adjoining the main bracken stand.
The soil here was of a more podzolised brown earth type, again
with a well developed organic horizon (l5cm approximately).

Again, the fronds were sparse in number (1 or 2/&2) and considerably
lighter in the colour of the pinnae than types (i) and (ii).
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Other less dominant members of this community included heather
(Calluna yulgaris L.), gorse (Ulex europaeus L.), downy birch,
Agrostis sp. and sheep's fescue (Plate 6.lc).

Pinnae typical of all three types are shown in Plate 6.1d.

6.3 EXPARTMENTAL

6,3.1 Materials

Weedazol TL, aminotriazole, polysorbate 20 and glycerol
were as previously described (see 2.2.1; 5.2.1)

6.3.2 Methods
6.3.2.1 Penetration studies

All penetration studies were carried out in the laboratory
“under diffuse tungsten lighting. Conditions in the laboratory

were continually monitored and found to remain quite constant
at 2022°C and 65-75% r.h.

It wag decided to carry out these studies in the laboratory
rather than in the field since there were likely to be differences
in humidity, light intensity and possibly temperature between
the sites from which the three types were selected, all of which
have been shown to affect penetration (Hammerton, 1967).

Four fronds from each of the three types were selected
during early morning and detached just above the first pair of
pinnae. These wers transferred to polythene bags, taken immediately
to the laboratory and the base of the stems immersed in flasks
of water.

The treatment of the plants was standardised as follows :~
10 pl was applied as ca 1 pl droplets from a 10 Al Eppendorf
pipette to leaflet pairs 2-6 of each of the fourth pair of
pinnules from the base of the lowermost pair of pinnae on the
detached fronds. Lanolin was used to prevent spreading beyond
this area. Bach pinna had one pinnule treated on the upper side
and ohe on the lower side thus making 8 pinnules treated on the
upper side and 8 on the lower for each of the three types. (In
one experiment, both the third and fourth pair of pinnules from
the bage of the pinnae were used.) After 4.5h the treated
pinnules were detached and washed with 20ml deionised water and
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Plate 6.1 Ecological niches containing the three types
of bracken under study (a-c) and pinnae

typical of each (d).

(@) Type (i)

(b) Type (ii)
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Plate 6.1 (contd.)

(c) Type (iii)

(d Right - left; Type (i) - type (iii)
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the washings analyred for aminotriazole by the method of
Storherr and Burke (1961). A preliminary study revealed that
total recovery was possible by this method, provided that
washing was dona immediately after treatment. Two aminotriazole
formulations were employed in these studies, these were as
follows :-

(a) Aminotriazole (90.0 pg a.i. in 10 pl) in the presence
of polysorbate 20 (19.2 g/litre) and glycerol (0.6ml/litre), a
- formulation based on previous results (see 2.3) and used in
certain field experiments (see 5.2.2).

(b) Weedazol TL (aminotriazole application rate —
- 90.0 pg a.i. in 10 pl).

6.3.2.2 Cuticle membrane development
The fourth leaflet pair from the base of the fourth

pinnules from the base of the second lowermost pair of pinnae
were used to standardigse the material from the three types. The
leaflets were fixed in a 3% solution of glutaraldehyde buffered
to pE 7.4. The material was then dehydrated through a series

of acetone concentrations and embedded in an epoxy resin. 1l n
Transverse sections were cut, mounted and stained with toluidine
blue. Ultimately, cuticle thickness was measured and the

sectlons photographed using a photo-microscope.

6.3.2.3 Leaflet surfaces and stomatal densities
Similarly positioned leaflets tp those in 6,3.2.2 were

dehydrated through a series of ethanol concentrations (50-70-90-

' 100%) followed by a further change in 100%. The material was
then placed in a 1/1 mixtare of 100% ethanol/hmyl acetate followed
by two changes in amyl acetate alone. The samples were then
eritical point dried and mounted on stubs, half of them adaxial
surface uppermost and half abaxial surface uppermost. These
were then coated with gold to a thicimess of s5008. Ultimately,

' they were scanned and photographed using a Cambridge Stereoscan
600 scanning electron microscope.
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6.3.2.4 Rates of water loss from detached pinnae
Four fronds from each of the three types were selected

during early morning and detached just above the first pair of
pinnae. These were transferred to polythene bags, brought
immediately to the laboratory and the bases of the stems immersed
in flasks of water for a period of time (2h approximately) to
bring the pinnae to maximum turgidity. The lowermost pinnae
were removad and weighed at hourly intervals for 7h. The results
were- expressed as both percentage losses in fresh weight and

percentage losses in moisture.

6.3.2.5 Statistical analysis
This was carried out as previously described (see 2.2.2.8).

6.4 RESULTS

6.4.1 Penetration studies
The aminotriazole-polysorbate 20-glycerol formulation

was tested on three occasions, September 1977, July 1978 and
August 1978 to determine whether the trends obtained were
similar throughout the main part of the growing season, which
in fact they were. For each type of bracken, penetration through
the lower surface was greater than through the upper while
penetration of types (ii) and (iii) was very similar but greater
than type (i) for both surfaces (Table 6.1).

In the case of the Weedazol TL formulation, there was no
significant difference in penetration between the upper and
lower surfaces of any of the three types while type (i) still
showed less penetration than types (ii) and (iii). Again, there
was no significant difference- between the corresponding surfaces
of types (ii) and (iii) (Table 6.2).

When the Weedazol TL and aminotriazole-polysorbate 20-
glycerol formulations were compared using types (i) and (iii)
the following trends were noted :- (a) again in the case of
the Weedazol TL formulation the lower surfaces did not show
groater penetration than the upper, (b) there was no significant
difference in the degree of penetration between the Weedazol TL
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Table 6.1 Penetration of aminotriazole from an aminotriazole-
polysorbate 20-glycerol formulation into the
leaflets of types (i)-(iii). Aminotriazole
application rate — 90,0 pg/pinnule (assessed after 4.5h)

Type Mqps? Mean % sp°
(ng) penetration (%)
(Sept. '77),
(i) upper surface 79.9 11.2 .0
- (1) lower surface 67.0 - 25,6 8.0
(ii) upper surface 62.4 30,7 11.0
" (ii) lower surface 40.6 549 L5
(iii) upper surface 59.0 345 11.8
(11i1) lover surface 37.0 58,9 8.9
(July '78) '
(1) upper surface 72.9 19.0 8.4
(1) lower surface 65.8 26.9 10.1
(i1) upper surface 67.3 25.2 4e3
(ii) lower surface 50,2 L2 5.1
(iii) upper surface 65.4 27.3 15.7
(1ii) lower surface  53.0 41.1 ' 10.4
(Aug. '78)
(1) upper surface 88.1 2.1 | 1.1
(1) lower surface 75.9 15.7 5.4
(i1) upper surface 77.8 13.6 o 6.8
(ii) lower surface 52.4 41.8 6.7
(1ii) upper surface 79.1 12.1 5.3
(1i1) lower surface 5l.4 42.9 9.7

a Mean quantity of aminotriazole left on pinnule surface
b Standard deviation (n-1 degrees of freedom)
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Table 6.2 Penetration of aminotriazole from a Weedazol TL
formulation into the leaflets of types (i)-(iii).
Aminotriazole application rate -

90.0 ng/pinnule (assessed after 4.5h).

Type MQPs® Mean % sp®
(Sept. '78) (ng) penetration (%)
(i) upper surface 77.5 13.9 8.2
(1) lower surface  73.9 17.9 6.2
(ii) upper surface 68.2 24.2 3.5
(11) lower surface 67.7 24.8 - bel
(1ii) upper surface 7l.6 20.4 5.2
(1ii) lower surface 69.6 22.7 6.6

a Mean quantity of aminotriazole left on pinnule surface
b Standard deviation (n-1 degrees of freedom)
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and the aminotriazole-polysorbate 20-glycerol formulations for
the upper surfaces of types (i) and (iii), (e) as before,

there was significantly greater penetration of the upper surface
of type (iii) compared with type (i) and (d) both lower surfaces
treated with the aminotriazole-polysorbate 20-glycerol formulation
showed greater penetration than their corresponding upper surfaces
although in the case of type (iii) the difference was not
significant (Table 6.3). However, the results depicted in

Table 6.1 tend to reinforce the arguement for significantly

more penetration through the lower surface with this formulation.
Thus, it would appear that the aminotriazole-polysorbatel0-
glycerol formulation enhances penetration of the lower surfaces

rather than rsduces penetration of the upper surfaces.

6.4.2 Cuticle membrane development
The results of these studies revealed that the cuticles

of types (ii) and (iii) were of similar thickness, 4.90.7 p and
5.li0.6 1 respectively for the upper surfaces and 2.010.5 p and
1.9:0.4 p respectively for the lower surfaces. The differences
 between types (ii) and (iii) for their respective surfaces were
not significant. Type (i) showed significantly less development
of both the upper and lower cuticles (2.6=0.5 p and 1.60.4 p
respsectively). These estimates of cuticle thickness were
obtained from the mean :lstandard deviation of 30 measurements,
10 measurements each from 3 leaflets from 3 different fronds.
In addition to these measurements the following observations
and measurements were made :~

(a) underlying the upper epidermis of types (ii) and (iii)
there is a well differentiated and almost continuous hypoderm
while such a layer is absent in type (i) except for a few cells
in the region of the midrib and certain veins., Similar
observations were made by Boodle (1904), (b) in types (ii) and
(i11) cutiele formation is extended completely around the upper
epidermal cells forming an "inner cuticle" between the epidermis
and the hypoderm. (4 similar observation was made by Goodman
and Addy (1963) while studying apple leaves), (c) in accordance
with the observations of Boodle (1904) and Bright (1928) there
~is greater development of the palisade tissue in types (ii) and
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Table 6.3 Penetration. of aminotriazole from Weedazol TL
and aminotriazole - polysorbate 20 - glycerol
formulations into the leaflets of types (i) and (iii).
Aminotriazole application rate - 90.0 pg/pinnule
(assessed after /,5h)

O A6 TP

Type  Form,® MQPS® Mean % spP
(Sept. '73) (ng) penetration (%)
(i) upper surface yrd 73.8 18.0 2.0
(1) lower surface WIL 77.0 14.5 L.l
(i) upper surface P20° 73.4 18.5 2.1

- (1) lower surface P20 69.7 22.6 3.3
(11i) upper surface WIL 66.9 25.7 11.6
(i1i) lower surface WTL 63.4 29.6 8.0
(111) upper‘surface P20 66.8 25,8 6.6

- (iii) lower surface P20 5442 39.8 19.4
"Mean quantity of aminotriazole left on pinnule surface
Standard deviation (n-l1 degrees of freedom)
Formulation
Weedazol TL |
Aminotriazole + polysorbate 20 + glycerol .
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(iii) (the more exposed types), it occupies a greater
proportion of the.mesophyll while the individual cells are more
elongated then those of type (i), (d) measurements of overall
leaflet thickness taken from approximately midway between the
midrib and the leaflet mergin (mean 2 1 standard deviation of
2/ measurements, 8 measurements each from 3 leaflets from 3
different fronds) revealed no significant difference in
thickness between types (ii) and (iii) (222.723.3 n and
231.3%14.0 1 respectively while type (i) was significantly
thirner (138.729.3 p) (Plate 6.2).

6.4.3 Leaflet surfaces and stomatal dengities
Again there were many similarities between types (ii)

and (iii) :-
(a) both were found to bear a great number of both unicellular
and multicellular hairs on their lower surfaces in the region
of veins and in particular along the midrib (Plate 6.3d and f)
whereas type (i) was almost totally devoid of hairs (Plate 6.3b),
(v) both showed similar stomatal densities on the lower surface,
greater than found in type (i) (Plate 6.3a~f), (¢) ‘the upper
~ surfaces were very similar in appearance (Plate 6.4c-f), type (i)
was quite different in appearance having a much more angular
and convoluted appearance (Plate 6.4a-b).

The upper surfaces of all three types sppeared to be

astomatal and devoid of hairs.

6.4.. Rates of water loss from detached pinnse
The rates of water loss expressed either as pesrcentage

losses in fresh weight or percentage losses in moisture revealed
similar trends in both cases (Figure 6.1z and b). The rate of
loss was slowest in type (ii) followed by type (iii) and then
type (1) although there was little difference between types

(1) and (iii).
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Plate 6.2 Transverse sections through bracken leaflets
typical of the three types under study.

Magnification X"6. (Top - bottom ,Type (i)-(iii) )



Plate 6.3 Electron micrographs of the lower surfaces of
leaflets typical of the three types of bracken
under study.

Magnifications X 200 and X 500.

(@ Type (i) x 500 (b) Type (i) x 200
(c) Type (ii) x 500 (d) Type (ii) x 200
(e) Type (iii) x 500 (f) Type (iii) x 200

_U3_



Plate 6.4. Electron micrographs of the upper surfaces of

leaflets, typical of the three types of bracken

under study.

Magnifications X 200 and X 500.

(@) Type (i) x 500 (b) Type (i) x 200
(c) Type (ii) x 500 (d) Type (ii) x 200
(e) Type (iii) x 500 (f) Type (iii) x 200
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Percentage loss in fresh weight

Figure 6.1a Rates of water loss from detached
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pinnae of types (i)-(iii) expressed
as percentage losses in fresh weight.
Standard deviations (n-1 degrees of
freedom) were in the 1-7 % range.
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Percentage loss in moisture

Figure 6.1b Rates of water loss from detached

40
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20

10

><6|>

pinnae of types (i)-(iii) expressed
as percentage losses in moisture.
Standard deviations (n - 1 degrees of
freedom) were in the 1-8 % range

Type (i)
Type (ii)
Type (iii)

3

b

2 3 4 5 6 7
Time (h)
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6.5 DISCUSSION AND CONGLUSIONS

The results in Table 6.1 indicated that penetration of
the upper surfaces of types (ii) and (iii) was not significantly
different. Penetration of the upper surface of type (i) was
however significantly lesgs than both, while the studies on
cuticle development (see 6.4.2) revealed that cuticle thickness
in types (ii) and (iii) was not significantly different but

that both were significantly thicker than type (i). Such trends
in penetration could not be explained in terms of differential
stomatal densities since all thres upper surfaces appeared to

be astomatal (Plate é.4a~f). Thus, penetration must be congidered
to be cuticular rather than stomatal.

Considerable controversy surrounds the relationship
between cuticle thickness and penetration. Pereira et al, (1971)
attributed the increased resistance of one cabbage cultivar
compared with a second to an increase in cuticular wax while
Robertson and Kirkwood (1969) concluded that penetration must
be influenced by any factor influencing cuticle thickness. Hull
(1964) however, has stated that to relate the penetration of
organic substances to cuticle thickness per se is rather difficult
because of the profound chemical and structural differences
among different cuticles. Indeed, Norris (1974) could not detect
any correlation between thiclmess or weight of cuticle per
unit area and 14C~2,4fD penetration. Thus, it is possible
that chemical and structural differences in the cuticle of
type (i) may account for the raduced penetration. However,
Edgerton and Haeseler (;959) found that expogure of apple leaves
to artificial light (500 foot candles) prior to treatment
reduced absorption of naphthaleneacetic acid and naphthaleneace~
tamide but increased cuticle thickmess compared with plants

. grown at 50-100 foot candles. Skoss (1955) has shown that
increased light intensity increases the wax content of cuticles
" and that the amount of wax may be the major factor limiting
their'permeability to water. However, the other poséibility
exists that the cuticles of types (ii) and (iii) may have become
subject to weathering and degradation due to sunlight and the
setion of wind and rain (Crafts and Foy, 1962) whereas type (i)
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may be less affected being at the base of the slope in a more
sheltered position.and under shade. Thus, since it has been
proposed that aminotriazole is taken up via an aqueous route
(Crafts, 1964), a comparison of the rates of water loss from
the three types of pinnae was undertaken even although it is
recognised that the rate of movement of water through cuticles
from outside to inside may differ from the reverse process,
(similar trends have also been found for inorganic iomns and
organic compounds (Yamada et al., 1964; 1965) ). In addition,
it is also recognised that this would be a measure of water
loss from the pinnae as a whole rather than just the upper
surface. The results of this study revealed no trends which
might readily correlate with the observed increase in penetration
of types (ii) and (iii) while the electron micrographs showed
no indication of obvious breakdown of, or damags to the cuticle
in any of the specimens examined. One conceivable explanation
could be that the poorer penetration of type (i) is linked with
the observation that sprsading of the solution on the leaflet
surface was much poorer compared with types (ii) and (1ii)
where considerable spreading took place. In type (i), the
droplets remained almost totally intact whereas in (ii) and (iii)
spreading over the leaflet midrib and a considerable portion of
" the rest of the leaflet took place. Enhanced uptake and
activity has been shown to occur from solutions overlying veins
(Crafts, 1956; van Overbeek, 1956; Leonard, 1958), possibly
due to the numerous ectodesmata in the outer walls (Franke, 1960;
1961).

Such differential spreading could be due to the topography
 of the leaflets (Martin and Juniper, 1970). Type (i) had a
much more convoluted appearance than (ii) and (iii) and this
could be partly responsible although possible differences in
_the ultramicroscopie structure and surface wax might also be
of considerable importance (Holly, 1976). The process involved
in the preparation of the samples for scanning electron
microécopy could have removed surface wax deposits which could
influence contact and spreading (Holly, 1976). Hence, this

" factor would require investigation.

Similar trends to those above were also shown for penetration
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of the lower surfaces (Table 6.1). Here, the differences in
cuticle thickness between the three types are much less obvious.
However, the more rapid penetration of types (ii) and (iii)

is more readily explicable. Types (ii) and (iii) were found

to bear a great number of hairs in the region of the veins

and in particular along the midrib while type (i) was almost
totally devoid of hairs (Plate 6.3). Hair cells themselves,
their basal cells and those epidermal cells surrounding them
have been shown to be particularly active sites of absorption
(Frenke, 1967) again possibly due to the numerous ectodesmata
in their outer walls (Franke, 1960; 1961). In addition, the
greater stomatal densities in types (ii) and (iii) could also
have a bearing on penetration due to penetration of the cuticle
overlying the guard cells which appears to be more permeable
(Sargent and Blackman, 1962; Franke, 1964a) and/or penetration
of the stomatal pore itself (Currier et al., 1964; Foy, 1964)
followed by penstration of the cuticle lining the pore although
conflicting results have been observed as to the possibility

of this oceurring (Sargent and Blackman, 1962; Currier et al.,
1964; Foy, 1964; Middleton and Sanderson, 1965). Schgnherr
and Bukovac (1972) have investigated the factors governing this
process in considerable detail. Numerous ectodesmata have also
been demonstrated in the walls of the guard cells and cells
surrounding the stomatal pores (Franke, 1964a; 1964b).

The results of Tables 6.2 and 6.3 which indicated that
over the duration of the experiment the degree of penetration
of the upper surfaces was unaffected by the formulation employed
would seem reasonable on the basis of observations on the
behaviour of ths droplets which revealed no differences in
wetting or spreading. In the case of the lower surfaces where
reduced penetration was noted from the Weedazol TL formulation,
it could be observed for types (ii) and (iii) that the droplets
were held on the hairs and did not make good contact with the
leaf surface proper, while for the polysorbate 20 containing
formuiation good wetting of the leaf and spreading was achiéved

quickly. Hence, for Weedazol TL, penetration associated with

" (a) the veins in general and in particular with the basal cells
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of the hairs and those surrounding them and (b) the stomata,
either associated with the guard cells and/or the stomatal
pore itself might be reduced. For type (i), reduced spreading
was observed with Weedazol TL, and this coabined with the
possible lack of penstration of the stomatal pores due to the
lack of an efficient surfactant might account for the reduced
penetration.
Thus, from the results of this study it would appear that

the degree of spreading of the spray solution and stomatal
| and/or leaf hair densities are of more importance than actual
cuticle thickness although the possibility of other less
obvious factors being involved cannot be ruled out. Differences
in the degree of penetration for pinnules treated with the

same formulstion, but in different exercises might be explained
in terms of pinnule age and possibly variations within the
temperature and humidity ranges employed.
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Chapter Seven

ABSORPTION OF TRON BY BEAN LEAVES FROM
FRUCTOSE - IRON CHZLATES

7.1 INTRODUCT:ON

Although iron makes up about 5% by weight of the earth's
crust and is invariably present in all soils (Mengel and Kirkby,
1978), cases of deficiency are commonplace in horticultural and
agricultural crops. This deficiency normally manifests itself
“as a chlorosis of the leaves, and since most cases occur on
calcareous soils, it is often termed lime induced chlorosis.

The reason for iron chlorosis has been sought in the availability
of iron in the soil solution rather than in the total iron in
 the soil (De Kock, 1966).

The role of chelation as a corrective measure for lime
induced chlorosis must begin with an appreciation of the problems
assoclated with the solubility of iron. In aqueous solutions
ferrous ions are readily oxidised by dissolved oxygen to ferric
ions, this being the preferred oxldation state undsr all but
acidic and anaerobic conditiors (Christopher et al., 1974), while
the situation is further complicated by the fact that the
solubility of the ferric ion at neutral pH is 1071, Hence, at
all but acid pH (<« 2), ferric ions hydrolyse to form insoluble
ferric hydroxide (Christopher et al., 1974). Thus, the use of
goll applied inorganic iron salts generally has no effect since
the iron rapidly forms insoluble oxides (Mengel and Kirkby, 1978).
To overcome these solubility problems, iron is supplied to the
soil in the form of chelates. The most commonly used include
ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic
‘acid (DTPA), hydroxyethylethylenediaminetriacetic acid (BEEDTA)
and.ethylenediamine d1(o~hydroxyphenylacetic acid) (EDDHA).

Due to- chelate instability, the first three are of limited value
in alkaline soils, EDDHA however has been used successfully

(Kroll, 1957).
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As pointed out by Wallace et al. (1957) and Wallace (1943)
the use of foliar applied sprays confers several advantages over
the use of soil applications :-

(a) the chelates are free from the many soil reactions
which may lead to immobilisation and decomposition,

(b) they do not require irrigation to move them into the
root zone of the soil,

(¢) they are more economical,

(d) they bring sbout more rapid responses.

They do however have certain disadvanteges :-

(a) they may bring about incomplete coverage and response
gince iron is generally considered to be immobile in growing
plants when applied to the foliage,

(b) there is often a need for repeated applications,

(¢) there is a greater chance of causing toxicity problems.,

Generally, foliar applications of the polyaminopolycarboxylic
acid chelating agents have not been as successful as soil
epplications (Wallace, 1963).

Although application to the foliege is not free from the
solubility problems experienced in the soil, ferrous sulphate
(FeSO4) has been used with succegs in many cases (Bar—Akiva and
Hewitt, 1959; Withee and Carlson, 1959; Neumann and Prinz, 1974;
1975; Seeliger and Hoss, 1976), irdeed, it has been more
successful than the polyaminopolycarboxylic acid chelates (Withee
and Carlson, 1959; Neumann and Prinz, 1975), probably due to
more efficient penetration (Lunt and Kohl, 1956; Kannan, 1969).
However, leaf scorching by FeSO4 can be a problem (Boynton, 1954;
Withee and Carlson, 1959; Neumann and Prinz, 1975) although,
Neumann and Prinz (1975) largely overcame this problem by the
incorporation of a silicons based surfactant into the spray
solution. This cauged the spray solution to form a film on the
- leaf surface rather than droplets, thereby preventing the formation
of concentrated deposits as the droplets dried out. In addition
to this problem, if conditions are not favourable to relatively
rapid penetration then oxidation of the FeSO4 with a resultant
depletion in soluble iron will perhaps become important. This
would be likely to further redunce penetration since penetration

from solid deposits has been shown to proceed very slowly (see 2.3.1).
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It would therefore appear that there is a need for a cheap iron
chelate which might eliminate these problems and perhaps reduce
the disadvantages associated with foliar sprays as previously
described.

Various sugar acids and related compounds have been tested
with some success (Lunt and Kohl, 1956; Wallace et al., 1957;
Wallace, 1963), however, Wallace et al. (1957) believe that the
ideal type of metal chelate for spray application may be a
non-ionising molecule.

Reducing sugars and polyols have been shown to form soluble
stable complexes with iron (Cherley et al., 1963) and fructcse
chelates (normally referred to as ferric fructose) in particular
have been used as iron supplements for the treatment of anaemia
" in man and animals (Christophsr et al., 1974; Eatough et al.,1974).
In addition, Larsen et al. (1960) have demonstrated that despite
its excellent solubility and stability,'the EDTA chelate of iron
is poorly absorbed by the gastrointestinal tract of rats. This
complex carries a net negative charge in the range of pH values
largely encountered in this tract. On the other hand, low molecular
weight complexes of iron/fructose and other simple sugars readily
- penetrate biological membranes such as are encountered in the
nmucosal wall (Charley et al., 1963).

Thus, with these many factors in mind, it was decided tec
" investigate the possiblility of using iron-sugar chelates as a
relatively cheap foliar spray for the correction of irom chlorosis.

7.2 EXPERIMENTAL

7.2.1 Materials
Fructose, anhydrous ferric chloride (FeClB) and potassium

acetate were purchased from Hopkin and Williams Ltd. Polysorbate 20

" was as previously described (see 2.2.1).

Te2.2 Method

7.2.2.1 Chelate preparation
It was decided to limit the study initially to fructose/

iron chelates. FeCl3 was used as the iron source throughout,
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The nature of the ferric fructose complex is dependent
on the molar ratio of fructose/ferric. At low ratios, a polymer
of 65,000 can be isolated while in the presence of excess fructose
a chelate of maximum molecular weight of 2000 is formed
(Spiro and Saltman, 1969). These polymers are capable of existing
in equilibrium with low molecular weight species and so it would
appear that the rate determining step in the sbsorption process
for these polymeric species is probably depolymerisation
(Christopher et al., 1974).

Thus, four chelates differing only in the fructose/ferric
ratio were formulated. These ratios were ag follows 5/1, 20/1,
50/1 and 200/1. These were prepared as follows :

1.622g of reagent grade FeCl3 were dissolved in distilled
water and the volume made to 1 litre. This was filtered through
 Whatman No. 42 filter paper and 4x25ml aliquots withdrawn from
the filtered solution and placed in 100ml volumetric flasks. To
these were added fructose solutions sufficient to bring about
the molar ratios quoted above. The pH of each was then made to
4.7 with 0.1M potassium acetate, the solutions made up to volume
with distilled water and the pH re-checked.

7.2.2.2 Penetration

All plants were germinated, selected and grown as previously
described in & growth room adjusted to a 16h day length and a
temperature of 30t3°C (see 2.2.2.1). A few hours prior to
treatment, the plants were transferred to a Fisons Series 111
growth cabinet as previously described (see 4.2.2.10). The
temperature here was maintained at 3010.7506 and humidity at
48%5% r.h., 6455% r.h. or 95-100% r.h. Just prior to treatment,
the leaves were washed with distilled water to remove any surface
depoéits of iron which preliminary investigations had shown to
. interfere with results. On drying, 200 nl of chelate wag applied
per leaf from a 100 nl Eppendorf pipette as ga 5 nl droplets,
randonly to the upper surface. Plant age was as previously
described (see 2.2.2.1). No spreading of the droplets was observed
during the course of the experiments. On completion of the
experiments, the leaves were washed with 25ml distilled water
and the washings analysed for iron by atomic absorption
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,spectrophotomatry. Preliminary experiments had revealed that
100% recovery was possible by this method provided it was carried
out immediately after treatment., Eight leaves per treatment

were used throughout.

7.2.2.3 Influence of humidity and the fructose/ferric

molar ratio on iron venetration

Iron (28 pg approx. of ferric in 200 ul), in the form of
four chelates of differing fructose/ferric molar ratios was
applied to the leaves and the plants held at 4815% r.h., 6415% r.h.
or 95-100% r.h. for the duration of the experiment (5h).

7.2.2.4 Influence of polysorbate 20 on iron penetratio

from a fructose/ferric chelate of molar ratio 5/1

Iron (28 ng approx. of ferric in 200 nl) in the form of a
fructose/ferric chelate (5/1) was applied to the leaves in the
presence of varyling concentrations of polysorbate 20 (0.0-5.0g/
litre) and the plants held at 64=5% r.h. for the duration of the
experiment (4h).

7.2.2.5 Statistical asnalysigs

Analysis of the data was carried as previously
deseribed (see 2.2.2.8).

7.2.2.6 Iron snalysls

Analysis was carried out by atomic absorption
spectrophotometry using an air/acetylene flame. Six 3 second
integrated readings per sample were taken to cut down any error
since the concentrations of iron in the final yashings were
relat;vely low for analysis by this method.
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7.3 RESULTS

7.3.1 Influence of humidity and the fructose/ferric molar

ratio on iron penetration

At 48i5% r.h. there were no significant differences in
the degrees of iron penetration between the 5/1, 20/1 and 50/1
ratios. The 200/1 ratio showed significantly greater penetration
than the other three. At 64~5% r.h., there was a gradual reduction
in penetration from 65% at the 5/1 ratio to 40% at the 200/1 ratio.

A similar trend was observed at 95-100% r.h. Penetration
was reduced from 95% at the 5/1 ratio to 79% at the 200/l ratio.

- From these results, the 5/1 ratio would seem to be the

most promising for efficient penetration over the 64:5% r.h. and
95-100% r.h. ranges. At the lowest humidity range employed,
only the 200/1 ratio showed significantly greater penetration
and here, the actual percentage difference was small (30% for the
5/1 ratio and 40% for the 200/1 ratio). (Table 7.1).

7.3.2 Influence of polygorbate 20 on iron penetration from a
fructose/ferric chelate of molaer ratio 5/1

Penetration was significantly enhanced by polysorbate 20
at all concentrations tested. However, there was a gradual
reduction in this enhancement with increasing polysorbate 20
concentration. (Table 7.2).

7.4 DISCUSSION AND CONCLUSIONS

Prom the data present, it is difficult to draw any firm
conclusions about the mechanisms involved in bringing about the
trends in penetration depicted in Table 7.1l. However, they may

involve a balance between the equilibrium existing between the
 ferric fructose polymers end low molecular weight species, the
efficiency of fructose as a humectant at different humidities
and the availability of the agqueous route (see 2.3.1). The
equilibrium could influence the rate of penetration of iron as
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Table 7.1 Influence of humidity and fructose/ferric molar
ratio on iron penetration. Ferric application

rate 28 ng approx. in 200 pl (assessed after 5h)

Fructose/ferric Mean % sp?
molar ratio penetration (%)

: 48:5% r.h.

5/1 30 4

20/1 | 29 2

50/1 1] 7
-200/1 : 40 8
64:5%‘r.h.

5/1. : 65 8
20/1 | ; 55 6
50/1 43 8
200/1 | 40 5

95-100% r.h.

5/1 : - 95 2
20/1 85 4
50/1 o 87 5
200/1 79 4

’ a Standard deviation (n~1 degrees of freedom)
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Table 7.2

Influence of polysorbate 20 on iron penetration from

a fructose/ferric chelate of molar ratio 5/1.

application rate 28 ng approx. in 200 pl.-

(assessed after 4h)

Ferric

Polysorbate 20 Mean % sp®
(g/litre) penetration (%)
0.0 55 10
0.2 8 9
1.0 72 10
64 5

. 5.0

& Standard deviation (n~l degrees of freedom)
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a low molecular weight chelate while the humectant effect of
fructose could influence the concentration of these low
molecular weight species in solution and hence influence the
equilibriuwn distribution between this solution and the leaf
surface (see 2.3.4).

The increased penetration of iron in the presence of
polysorbate 20 did not appear to be due to increased spreading
of the droplets. However, it is possible that the surfactant
was enabling more efficient contact between the droplets and the
water continuum of the plant to take place thus bringing about
more efficient penetration. Othner factors could however be
involved (see 1.1). A similar equilibrium distribution arguement
as proposed for the results depicted in Table 7.1 could account
for the trends observed in Table 7.2.

Work is now being continued in this laboratory by
Calum McPhail. The factors under investigation at the present
time include (a) +the use of other sugar/iron chelates, both
radio-labelled sugars and iron are being employed to investigate
translocation, (b) the use of surfactants to bring about
efficient spreading. Interest is being centred around the use
of silicone based surfactants as used by Neumann and Prinz (1975).

Initial results have revealed that sucrose/ferric complexes
are considerasbly more efficient in bringing about iron penetration
than EDTA, EDDHA and fructose and the use of these chelates is
now being pursued.

It would therefore appear that the use of sugar/iron
chelates may possibly have some future as follar applied iron
supplements, In the case of suerose in particular it would be
a cheap alternative to the polyaminopolycarboxylic acid chelates
if it can match these in translocation, while it should eliminate
the problems associated with FeSOA since it is stable and has

not been found to scorch the leaves.
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APPENDIX I

1976 ~ 77 Field Trials

(i) Volume application rate

Preliminary trials with the knapsack sprayer revealed
that (a) the volume dispensed per minute depended upon the
volume contained within the sprayer, even although the pressure
was kept constant, (b) a volume rate of 1 1/plot was a good
balance between foliage wetting and & volume which could be -
accurately dispensed.

Thus, from these points, the following procedure was
developed :

2L of spray solution was added to the sprayer and the
time taken for 1 1 to be dispensed was recorded (78 sec).

In the field, the plots were divided into three equal strips,
eech of which was sprayed twice, i.e. 2 x 13 sec sprayings.
This enabled the foliage to be covered relatively uniformly
while an accurate 1 1 could be dispensed. On completion of
one plot, a further 1 1 was added and spraying was continued
- until all four plots of one treatment had been sprayed. The
knapsack was then washed out and the procedure repeated with

a second treatment solution,

(ii) Asgessment of results (1976 trials)
(a) Frond numbers

In all cases, a lm perimeter was discarded to allow for
edge effects, ,

In the control plots where no aminotriazole was present
in the spray solution, three 1m2 plots taken diagonally
across the remaining 3x3m were counted. These three figures
were mesned to give a figure for the number of fronds/m2 per
plot. A mean of the four replicate plots was then calculated
and expressed as a mean nunber of fronds/m2 per treatment :l
standard deviation (n-l degrees of freedom).
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In the treated plots, the number of fronds in the
entire 9m2 were counted. This was expressed as a mean
number of fronds/m2 per plot. A mean number of fronds/in2

per treatment was then calculated as before.

(b) Frond heights
Thirty frond heights were measured independently by

three separate assessors. These 90 measurements were then
expressed as a mean frond height / plot. A mean frond height
per treatment was then calculated from the four replicates.
When there were less than 30 fronds within the middle 9m2,
the difference in numbers was teken from as near to it as
possible. Such fronds were found not to differ significantly
in height from those within the middle 9m2.

(11i) Asgessment of results (1977 trial)

(a) Frong numbers

It was felt that in some of the plots assessed the previous
.year that a 1lm discard around the perimeter was not sufficient
to allow for edge effects, Therefore, a l.5m discard was used
in all cases and the total number of fronds in the middle 4m>
counted and expressed as a mean number of fronds/m2 per plot.
A figure for the mean number of fronds/m2 per trestment was
then calculated.

(b) Frond heights

& brief assessment of frond height was made by measuring
12 fronds from the middle 4m2 of each plot. These figures
were dealt with as before and expressed as a mean frond height/
treatment, It was felt that judging from the lack of significant
differences in frond densities between aminotriazole treated
plots of the three formulations that detailed height measurements

were not required.
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1978 Field Trials

Volume application rate was doubled to 2L/plot since
plot area was approximately double. Plot size wes increased
in the hope that a more exact assessment of results might
be obtained, It is plamnned that a number of 1 or 2m2 areas
may be measured within each plot. This should improve the
statistical analysis and enable significant differences to

be revealed.,
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