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SUMMARY

This project set out to examine the effects of the
safener Dichlormid and analogues on the herbicide EPTC
and the implications for safening action.

Their effects on EPTC were explored through several
angles e.g absorption by maize roots, volatility from
nutrient solution, metabolism in maize tissues, injury
to maize plants under greenhouse conditions and
susceptibility to phototransformation under different
conditions.

EPTC primarly dissipates from nutrient solution
through volatilization. Almost 93% disappeared within
five days and only 7% of the applied dose was uptaken by
maize roots within 5 days. Dichlormid had no significant
effect on EPTC uptake nor on EPTC volatility. These
results were obtained using a new experimental technique
and HPLC as a bastt of the analytical method.

Synthesis of EPTC metabolites in maize tissue
(EPTC-Glutathione and EPTC-Cysteine conjugates) revealed
that EPTC sulfoxidation is a vital step for its
detoxification through conjugation with plant thiols.
EPTC-Sulfoxide was the true form to conjugate with
Cysteine, while EPTC-Sulfone was the form able to
conjugate with Glutathione (GSH) in vitro as shown from
the identification of the conjugates using mass
spectrometry. HPLC was an effecient method for the

separation of EPTC, Dichlormid, EPTC-cysteine conjugate

XxXiv



and EPTC-glutathione conjugate standards. The attempt to
extract the metabolites from maize tissue prior to their
identification either by HPLC or TLC was not successful.
Dichlormid analogues ( Diallylamin,
Dichloroacetylchloride and N,N-dially-chloroacetamide)
were examined as proposed safeners against EPTC injury
to maize under greenhouse conditions. Various degrees of
safening activity were demonstrated either in the form
of counteraction of injury symptoms or as a reduction of
the inhibition of maize height caused by EPTC. The
results indicated that more than one biochemical or/and
physiological process is involved in EPTC and Dichlormid
action. No specific functional group is responsible for
the full safening activity and Dichlormid as one
complete is required to exert complete safening action.
Phototransformation of EPTC, Dichlormid and a
mixture of both has been studied in water and in
methanol via irradiation with UV light at 254nm and
>290nm. Both EPTC and Dichlormid underwent rapid
phototransformation at 254nm. EPTC half-life was
14.14%0.93 and 37.22%5.16 min in water and in methanol
respectively, Dichlormid photolyzed more rapidly than
EPTC with a half-life of 10.22%0.76 and 5.32%0.72 min in
water and in methanol respectively. At >290nm, which
reflects artificial sunlight conditions, negligible
degradation of EPTC and Dichlormid in water and methanol

- took place. Dichlormid had no significant effect on

XXV



EPTC rate of-photolysis either via irradiation at 254nm,
or at >290nm in both media.

A complex mixture of products was formed from the
photolysis of EPTC and Dichlormid via irradiation at
254nm in water and methanol. Three methods were used for
their separation and identification. On that basis, the
routes of EPTC phototransformation were suggested to be:
hydrolysis ,dealkylation, sulfoxidation and yielding
radicals from which a variety of dimers formed.
Dichlormid phototransformed through dechlorination,
dealkylation and hydrolysis. At >290nm, although
negligible transformation has taken place, several
compounds were formed which were different from those
formed at 254nm. Dichlormid did not interfere
significantly with the nature of EPTC photoproducts
either in water or in methanol.

Further work using a different approach is required
toexplore the above effects more closely and accurately
and other possible targets for studying the joint
effects of both EPTC and Dichlormid need to be carried

out.

xxvi



Chapter one

Introduction and Thesis objectives

1.1 Introduction

The great increase in the world population, with
the resulting cases of starvation that we see today
means that adequate methods to improve food production
are required. Weeds are one of the obstacles that hinder
the achievement of this goal. To overcome weed problems,
different methods and techniques have been proposed.

The chemical control of weeds by herbicides is the
most effective and adequate method. It is the miracle of
our technological age according to Ashton and
Crafts. (1973),and it has become an integral part of
man’s strategy to maximize food production.

Unfortunately, like other Dbeneficial methods,
herbicides have their limitations and shortcomings that
reduce their effectiveness.

Applying more than one agrochemical in the same
formulation with the resulting synergistic, or
antagonistic effect has overcome some of these problems
and acheived more effective weed control.

The marginal selectivity of herbicides has
encouraged researchers to explore methods and ways of
achieving better selective weed control. Among these
techniques is applying chemicals with the herbicide to
increase the crop’s tolerance to the herbicide without

reducing its effectivness against the weeds. These



chemicals, célled safeners, protect the crop from injury
by the herbicide.

This chapter introduces basic concepts related to
chemical weed coﬁtrol with particular emphasis on
thiocarbamates and chloroacetanilides as herbicides,

Also herbicide combinations with their practical

applications as well as their shortcomings and
limitations will be clarified. The methods proposed to
achieve more selective chemical control will be briefly
described, and at the end of the chapter, the objectives

of the work that was carried out will be outlined.

1.2 Weed control methods (Non-chemical)

Weeds are a natural hazard to the activities of
man (Mortimer, 1990), or according to the European Weed
Research Society " any plants or vegetation interfering
with the objectives of the people", while
Stephens. (1982) defined them as plants in the wrong
place that compete with cultivated plants and interfere
with man’s legitimate objectives.

Weeds compete for light, water and nutrients
during establishment and in the established crop. They
interfere with harvesting operations, act as hosts for
pests and diseases, provide ‘shelter to insects and
compete for space above and below the ground. Some are
parasitic to crop plants and some are poisonous to
livestock (Fletcher and Kirkwood, 1982; Gwynne and

Murray, 1985).



Non—cheﬁical methods for weed control have been
implemented; crop rotation, hand pulling, hoeing,
flooding,burning, soil sterilization, biological control
using insects and fungi, stimulation and exhaustion,
desiccation, and mulching( Stephens, 1982; Muenscher,

1980; Gwynne and Murray, 1985; Lockhart et al., 1990).

1.3 Chemical weed control (Herbicides)

The introduction of the herbicides marked a major
development in the concept of weed control, and has béen
one of the most important advances in agriculture. The
earliest use of chemicals for weed control included
inorganic compounds (e.g Aluminium sulphate, Copper
nitrate, sodium nitrate). The initial wuse of organic
chemicals to control weeds was in 1932 with the
introduction of nitrophenol compounds, followed by the
growth regulator analogues Chlorinated phenoxy acetic
acids, and then a wide range of chemicals.

The basic idea behind the early herbicides was that
you sprayed a stand of plants with a compound and the
weeds were killed leaving the crop unharmed - This type
of herbicide was applied post-emergence, but it was
found that for certain crops such as maize, cotton and
soybean it was hard to find compounds that killed the
weeds without injury to the crop. The second generation
of the herbicides included those requiring application
to the soil before the crop and weeds emerged. In this

way many of the troublesome weeds could be eliminated



selectively in crops. With the advent of these second
generation compounds <came the finding that many
different steps in plant biochemistry are susceptible to
chemical exploitation. Those pathways that are different
from other forms of life are prime targets for attack in
the design of new herbicides. Toxicologically safer
compounds are more likely to be found by this approach.
Herbicides are classified by their site of
application as foliage or soil applied. The soil applied
ones generally affect germinating weeds, so must
persist in the soil for a period to be effective, while
those applied to foliage are classified as contact or
translocated. Both the foliage and soil applied
herbicides may be categorized according to the time of
application as related to the growth stage, as pre-
sowing, preemergence, or postemergence herbicides

(Stephens, 1982; Hance and Holly, 1990) .Chemical

classification of herbicides was also considered;
Phenoxyalkalonic acids, Plant growth regulator
analogues, Quaternary ammonium compounds, Ureas,

Triazines, Uracils, and Pyridizines, Nitroanilines and
Nitrophenols, Carbamates, and Thiocarbamates (Hassall,

1990).

1.3.1 Thiocarbamates

Thiocarbamate herbicides are clear liquids, with a

sharp and aromatic odour, miscible with most organic



solvents. Their solubility in water ranges from
4-900mg/L. They are quite volatile compounds with

vapour pressure range from 0.1- 0.00lmmHg at 20°C.

Their toxicity to mammals is relatively low and does not
include acute or chronic effects at low concentration.

They fit the following chemical formula

R.-S-C-N* 3

They are usually applied to annual and perennial
grasses and sedges. They are effective against broad-
leaf weeds, They kill weed seeds at the time of
germination, and attack troublesome grasses such as wild
oat, black grass, and barnyardgrass (Fang, 1969;
Fletcher and Kirkwood, 1982; Hassall, 1986; Wilkinson,
1988) .

Well known examples of thiocarbamate herbicides are
EPTC, Butylate, Cycloate, Benthiocarb, Vernolate,
Diallate, and Triallate.

Thiocarbamates have their limitations; in spite of
their low mammalian toxicity, mutagenic or carcinogenic
characteristics of some members have been detected
(Schuphan and Casida, 1979%a; Schuphan £t al.., 1979,
1981; Woo and Acros, 1989). Their marginal selectivity
and the resulted damage to the crops are a disadvantage
(Hoffmman, 1978; Wilkinson, 1988; Hatzios, 1989%9a), while

recently a remarkable reduction in their Dbiological



activities due to their enhanced degradation in soil
previously treated with thiocarbamates has been
demonstrated (Obrigawitch et al., 1982; Tal et al.,

1989; Harvey, 1990; Skipper, 1990).

1.3.1.1 Methods of application

Due to their high volatility, thiocarbamates are
incorporated into soil pre-planting or preemergence, in
the form of emulsifiable concentrates or as granular
formulations.

The objective of achieving effective and selective
weed control was the motive behind the research carried
out to improve their methods of application; wusing
granular formulations (Hott et al., 1962), coulter
injection into soil (Wooten et al., 1966), starch
encapsulated formulation (Schreiber et al., 1978), sub-
surface soil 1line injection (Dawson and Dell, 1978),
Starch-Borate encapsulating (Trimnell et al., 1982), or
their application jointly with liquid or dry fertilizers

(Buhler, 1987).

1.3.1.2 Absorption and Translocation

For thiocarbamates to exert their biological
activity, they should be absorbed and translocated in a
sufficient amount to reach their site(s) of action.

Their pattern of absorption and/or translocation
depends upon the herbicide structure; Some are very

mobile , while others are poorly translocated (Dutka et



al. , 1978); Some are taken up through roots and

translocated apoplastically to leaves, while others are
absorbed through coleoptiles and translocated both
symplastically and apoplastically(Wilkinson, 1988). In
general their absorption is initally rapid and then
slows (Dutka et al, 1978).

The significance of underground or emerging shoots
to absorption and subsequent biological activity of
herbicides has been considered (Gray and Joo, 1978;
Caseley and Walker, 1990; Hance and Holly, 1990). This

subject is covered in greater detail in chapter three.

1.3.1.3 Mode of action

More than one biochemical and/or physiological
processes have been suggested as site of action for
thiocarbamates.

Their biochemical site(s) of action has not yet
been clearly elucidated (Georgy et al., 1988; Wilkinson,
1988), Lipid biosynthesis was considered as the most
sensitive process (Ashton et al., 1977; Abulnaja and
Harwood, 1991b).

Various morphological responses of plants to
thiocarbamates have been demonstrated; stunting, leaf
growth inhibition, failure of leaves to penetrate
through the coleoptiles, wunfurled, wrinkled, looped,
twisting, disorted, brittle, and hard 1leaves, young
leaves failing to unroll, abnormalities and deformation

of growth, and dark-green leathery leaves (Ashton and



Crafts, 1977; Harvey et al., 1975; Sagral, 1978;
Wilkinson, 1978; Donald, 1981; Barta et al., 1983;

Wilkinson, 1983, 1988; Hance and Holly, 1990).

Thiocarbamates have been shown to interfere with
more than one biochemical and/or physiological process;
inhibition of fatty acid elongation, hence epicuticular
wax formation, which caused an increase in transpiration
rate and then increased plant susceptibility to
environmental stress (Gentner, 1966; Wilkinson and
Hardcastle, 1969; Still et al., 1970; Wilkinson and
Karunen, 1977; Karunen and Wilkinson, 1975; Karunen and
Eronen, 1977; Leavitt and Penner, 1979; Bolton and
Harwood, 1976; Kolattukudy and Brown, 1974; Ezra et al.,
1982; Dodge , 1983; Fedtke, 1987; Harwood et al., 1979,
1987; Abulnuja and Harwood, 1991a; Bata, 1991).
Thiocarbamates enhanced lignin deposition and stimulated
peroxidase activity ( Harvey et al., 1975; Wilkinson,
1988), they inhibited nucleic acid synthesis (Beste and
Schreiber, 1972), their action resulted in a decrease in
gibberellic acid content (Wilkinson and Ashley, 1979),
and they exerted some effect on other processes
including respiration, oxidative phosphorylation, and
protein synthesis (Ashton and Crafts, 1973; Ashton et

al., 1977; Wilkinson, 1988).



1.3.1.4 Deggédation

Thiocarbamates undergo transformation in soil,
plant, water, and mammals. Their rate of transformation
and the nature of their transformation products depend
on the herbicide structure, the plant species, and the
environmental conditions.

Thiocarbamates are relatively stable chemically,
hence biological processes are the dominant route of
their transformation either in plants, soil, or mammals.
In general, their degradation leads to less phytotoxic
products, although in some cases carcinogenic or
mutagenic products have been detected (Woo and Arcos,
1989).

Various transformation processes have been
identified; hydrolysis, sulfoxidation, N-oxidation,

dealkylation, and hydroxylation of the aromatic ring.

1.3.1.4.1 Soil

Microorganisms are the main agents responsible for
thiocarbamate breakdown in soil as in sterilized soil
significant inhibition of their degradation was
demonstrated (Wilkinson, 1988).

The behaviour of thiocarbamates in the soil (e.g
volatility, adsorption into soil colloids, and
absorption by plants), and soil characterstics(moisture,
organic content, texture) are factors affecting the rate
and pathways of transformation.

Hydrolysis of the ester linkage with the



release of CO:z, dealkylation, and sulfoxidation are

general pathways proposed for the degradation of
thiocarbamates in the soil (Kauffmman, 1967; Georgy,
1988) .

The general pattern of their degradation was

proposed as the following

Reports dealing with the degradation of indiviual

thiocarbamates in soil have been published; the
herbicide Derpamon underwent transformation to its
sulfoxide and sulfone (Santi and Gozzo, 1976) ;

Benthiocarb was degraded by hydrolysis, sulfoxidation,
and dealkylation (Ishikawa et al .f 1976; Nakamaura

al. , 1977), and with the thiocarbamates Dial late and
Triallate degradation was correlated to soil moisture

(Anderson, 1981, 1984).

1 Haider i
In water , the degradation pathways are similar
to those in soil; the herbicide Benthiocarb was

transformed via hydrolysis, sulfoxidation, dealkylation,

and ring hydroxy lation (Nakamura et al .f 1977; Chen,
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1990), while the thiocarbamate Drepamon was converted to
its sulfoxide and sulfone (Santi and Gozzo, 1976).
1+341+4, 3 Mammals

Conjugation with mammalian constituents is an
additional pathway to those previously detected in soil
and water.

Three phases were distinguished in the metabolism
of thiocarbamates in mammals: sulfoxidation, conjugation
with the reduced form of Glutathi one (GSH) , and
catabolism of the conjugate with the wultimate formation
of a mercapturic acid conjugate (Casida et al .r 1975;
Hubbell and Casida, 1979; Chen and Casida, 1978; Dutka
et al .f 1978; Hatzios and Penner, 1982; Shimabukuro,
1985; Lamoureux and Rus ness , 1989).

The proposed pathway of metabolism is

=

Glutathione conjugate

CHjO-Ga,
on-jT is* 1 is*

0

R ; Cysteine conjugate
nerceotunc acid conjugate

Other transformation pathways are possible;

hydrolysis, dealkylation, hydroxylation of the aromatic
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ring, and alkyl_oxidation (Casida et al., 1975b; Hubbell
and Casida, 1977; Fang et al., 1964; Lay et al., 1979;
Cashman and Olsen, 1990).

The formation of haloacroleins as degradation
products of some thiocarbamates and the demonstration of
their carcinogenic and mutagenic properties in mammals
has been confirmed (Schuphan and Casida, 1979%a; 1979b;
Sikka and Florczyk, 1978; Schuphan et al, 1979; 1981
;Rosen and Casida, 1980; Sandhu et al., 1988; Woo and

Arcos, 1989).

1.3.1.4.4 Plants

Metabolism of thiocarbamates in plants follows
alﬁost the same pathways as in mammals. A difference in
the terminal product results from the catabolism of the
Glutathione conjugate; in plants, the terminal product
was characterized as either the Cysteine conjugate
(Casida et al., 1975a; Hubbell and Casida, 1977), or the
Malonyl-Cysteine conjugate (Lamoureux and Russen, 1989),
or the Thiolactic acid conjugate (Lamoureux and Russen,
1987).

Plant species, plant age, and herbicide structure
are factors affecting thiocarbamate metabolism in
plants. In soybean, the thiocarbamate Vernolate was
degraded with the release of CO, and the formation of
four wunidentified products. Plant age and time of

herbicide exposure affected their distribution (Bourke

12



and Fang, 1968) . The herbicide CDEC metabolized
rapidally with CO2 1liberation and the formation of
natural ly occuring products (Jaworski, 1964).

In rice, the thiocarbamate Derpamon underwent
conversi on to its sulfoxide and sulfone (Santi and
Gozzo, 1976).

In maize, the metabolism involves sulfoxidation
P conjugation with reduced Glutathione (GSH), and
catabolism of the conjugate, while hydrolysis,
dealkylation, and alkyl oxidation as minor pathways are

possible (Lay and Csida, 1975; Hubbell and Casida, 1977;

Chen and Casida, 1978; Shimabukuro fit al, 1978;
Carringer et al., 1978a; Chang et al ., 1974; Lamoureux
and Russens, 1980; Hatzios and Penner, 1982;

Shimabukuro, 1985; Lamoureux and Frear, 1987; Fedtke and
Trebst, 1987; Komives and Dutka, 1989; Lamoureux et al.,

1989) .

Their pathways of degradation were suggested to be

R,-S-C-N « GSH

Glutothlone conjugate

I i Oll-t-CII-CH;
Ol-C-CItCMj-§-C-M.. I
II-IC-CHj-C-OH

& Cysteine Conjugate

N-Maionylcystelne conjugate

OIllI-C-CH-CIl; S C-N
n?

Titivuiaclie odO conjugote
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The degree of transformation of thiocarbamates by
light varies according to the herbicide structure, the
medium in which the herbicide is examined, and the
presence of other ingredients that facilitate or retard
the photodegradation.

Thiocarbamate photoproducts are similar to
those obtained through biological transformation. The
formation of dimers and polymers as a result of free
radical coupling is an additional route (Casida et al.,
1975; 1Ishikawa et al., 1977; Demarco and Hayes, 1979;
Draper and Crosby, 1981, 1984a, 1984b). This subject is

covered in greater detail in Chapter six.

1.3.2 Chloroacetanilides :

Chloracetanilides are one of the most important
groups in the family of amide herbicides. Substituted
anilides of the Chloro family are well known as
preemergence soil applied selective herbicides. They are
liquid or «crystalline solids with a pungent odor,
slightly soluble in water. They inhibit the germination
of grass weeds, and are effective against broad-leaved
weeds ( Georgy et al., 1988; Sharp, 1988).

Chloroacetanilides are chemically reactive because
of their chlorine atom which makes them 1liable to
electrophilic attack by nucleophiles such as the thiol
group in the reduced form of Glutathione (GSH).

Examples of chloroacetanilide herbicides are CDAA,

Propachlor, Metolachlor, Acetolachlor, Butachlor, and

14



Pretilachlor;

1.3.2.1 Absorption and Translocation

It seems that emerging shoots and the coleoptile
region are the main site of uptake of chloroacetanilides
(Jaworski, 1969; Ashton and Crafts, 1973). Their
absorption was shown to be rapid (Arm stng , 1973;
Ashton and Crafts, 1973; Breaux, 1986). Their uptake
through the roots has also beendemonstrated (Chalendr et

al., 1974; Dixon and Stoller, 1982).

1.3.2.2 Mode of action

They inhibit root elongation, cell division, and
cell growth. Various biochemical targets for their
action were proposed: protein synthesis (Jaworski, 1969;
Ashton and Crafts, 1973; Duke et aL., 1975; Deal et al.,
1980), Lipid synthesis (Mann andPu, 1967; Hassall, 1986;
Fedtke, 1987; Weisshear and Boger, 1990), Gibberellin
biosynthesis (Wilkinson, 1985), and membrane integrity

(Mellis et al., 1982).

1.3.2.3 Transformation

Chloroacetanilides wundergo degradation in soil,
water,mammals, and plants. Herbicide structure, plant
species, plant age andenvironmental conditions are
factors affecting their degradation.

Soil moisture, temperature, and organic

content influenced their degradation in soil (Hargrove
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and Merkle, 1971; Zimdah and Clark, 1982; Peterson
al.. 1988). Microorganisms are the main cause of their
degradation. Their degradation involves dealkylation,
hydroxylation of the aromatic ring, and hydrolysis with
the 1libration of CO2 (Jaworski, 1969; Krause et al .,
1985; Novick et al. 1986; Sharp, 1988; LeBaron et al..
1988; Sun et al.. 1990).

In ground water, the chioroacetani lide Propachlor
underwent degradation by microorganisms, and four
organic products were detected (Novick et al .. 1986).

In plants, Jaworski (1969) has drawn the following

diagram for CDAA degradation

| c, ] n
i
while their conjugation with Glutathione (GSH) in maize,
and with Homoglutathione (hGSH) in soybean and 1legumes
has beendemonstrated (Breaux, 1986, 1987) .
In mammals, conjugation with Glutathione (GSH) is

the main route (Larson and Bakke, 1983), the conjugate

being catabolized in the following manner:

Glutathione conjugate Cysteine conjugate----- N
acetylcysteine conjugate------ S-oxide of N-acetylcysteine
conjugate mercapturic acid conjugate.

Alteration as a result of light exposure has been
studied. The herbicide CDAA was transformed into

unidentified products via irradiation with UV 1light at
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254nm on filter paper (Mitchell, 1961), while the
herbicide Metolachlor was degraded to unknown compounds

via irradiation with UV light (LeBaron et al., 1988).

1.4 BHerbicide combinations :

Herbicide mixtures are used increasingly on all
major crops to improve efficacy and/or reduce costs.
Simultaneous or sequential application of agrochemical
mixtures such as herbicides with adjuvants, fertilizers,
fungicides, insecticides, and other herbicides has |
become a part of modern pest management practice, these
combinations have advantages in reducing costs by saving
time and labour, reducing soil compacting by eliminating
multiple field operations, increasing the spectrum of
weed control, improving chemical weed control under
variable weather or soil conditions, reducing crop
and/or soil residues by using the minimum dose of each
chemical, delaying the appearance of herbicide
resistance in weeds, and improving crop safety by using
minimum doses of selected agrochemicals applied in
combinations rather than a single high dose of one
chemical.

Interaction between chemicals occurs when
there is a modification in the biological activity
of one agrochemical brought about by the other one. The
nature and magnitude of the interaction depend upon
dose, time of application, time of observation of the

response, and the nature of target organism of the
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mixture. Intéraction might occur inside or outside the
target species, or even before application of the mixed
formulation. To study the interaction an experimental
design for the study, a parameter to measure plant
response, and a statistical method to predict the
interaction are required (Hatzios and Penner, 1985;

Green, 1989; Flint et al., 1988).

Several methods have been proposed to predict the
nature and/or the magnitude of interactions (Gowing,
1960; Colby, 1964, 1967; Nash, 1981; Flint et al., 1988;
Green, 1989). The earliest methods dealt with predicting
the type of the interaction, not its magnitude, based
on a comparison between the expected response of plant
growth to the chemicals and the observed response to
them in combination (Gowing, 1960; Colby, 1964,

1967) .The latest methods deal not only with the
existence of the interaction but also with its nature,
its magnitude, and its significance (Nash, 1981; Green,
1989).

The combinations may be herbicide-herbicide or
herbicide-non-herbicide. The interaction between
herbicides and non-herbicides may be either enhancement,
antidote activity (safening), or zero, while that
between herbicide and herbicide might increase,
decrease, or have no effect on the biological activity
of a particular herbicide i.e. synergism, antagonism,

and additive effects respectively (Green, 1989).
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1.4.1 Additive Activity

When the cooperative action of two agrochemicals is
such that the observed response of a test organism to
their joint action is equal to the response to both
separately as predicted to occur by an appropriate
reference method (Hatzios and Penner, 1985), or when the
two herbicides are applied in combination over a range
of rates and ratios, and the dose-response curve of each
is unaffected by the other (Akobundu et al., 1975), the
resulting interaction is additive.

When the total effect is equal to the effect of the
most active component alone, the resulting interaction
is independent.

The significance of the additive interaction comes
from the fact that it has practical value in indicating
the most economical mixture of agrochemicals that can
accomplish the same job, and it requires that there is
no phytotoxic incompatibility in mixture of herbicides
with other chemicals (Hatzios and Penner, 1985).

The interaction between 2,4-D and Diclofop-methyl
when applied to wild oat roots was additive (Todd and
Stobbe , 1980), while Hatzios and Penner. (1985) reviewed
several cases in which additive interactions between

herbicides occurred.

1.4.2 Synergism
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Synergiétic interaction is the simultaneous action
of two or more herbicides in such a way that the total
response of the organism to the mixture is greater than
the sum of its response to the indiviual components
(Nash, 1981), or such that the total effect is greater
or more prolonged than the sum of the effects of the two
components taken independently (Hatzios and Penner,
1985).

Synergistic interactions can be between a herbicide
and another herbicide, e.g. between EPTC and Dinoseb in
maize (Genter, 1966), and between EPTC and Bromoxynil in
Alfalfa (Hartzler, 1991) or between herbicide and non-
herbicide as between Metolachlor and Ozone in maize
(Mersie et al., 1989).

Various mathematical methods have been suggested to
evaluate the synergistic interaction (Richer, 1987).
Synergism might occur as a result of an increase in
uptake and translocation of a herbicide (Lichtenstein et
al., 1973; Acosta-Nunez and Ashton, 1981b), or due to
interference with herbicide detoxification (Mersie et
al., 1989), or as the result of an effect on
physiological process(s) such as between pre-emergence
thiocarbamates that cause alteration in the epicuticular
wax layer and post-emergence herbicides (Davis and

Dusbabek, 1973).

1.4.3 Antagonism
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When the response of an organism to the combination
is less than the sum of its response to the indiviual
chemicals (Nash, 1981), or when the total effect of a
mixture is smaller than the effect of the most active
compound alone (Tammas, 1964), an antagonistic

interaction exists.

The degree of the antagonism is <critical in
determining whether a mixture is agrochemically useful
or not. Thus the best combination is to achieve a
synergistic effect on weeds, and an antagonistic one on
crops (Green, 1989). Herbicide application rate, mode of
action, plant species, time of application, stage of
growth, and environmental conditions affect the
magnitude of antagonistic interactions (Hatzios and

Penner, 1985; Green, 1989).

Early studies on antagonistic interactions lead

to the development of chemicals (safeners) that protect
crops from herbicide injury without reducing the efficacy
of the herbicide against weeds (Hoffmman; 1953; 1962;
1962) . These studies simultaneously helped to elucidate
sites and mechanisms of herbicide action (Putnam and
Penner, 1974).

" Four types of antagonism have been demonstrated;
biochemical due to interference with herbicide

absorption, translocation, and metabolism, physiological

as a result of exerting opposite biological effects;
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chemical due to a chemical interaction rendering the
herbicideinactive, and competitive when the two
compounds share the same site of action. Also antagonism
could be asymmetric, when one herbicide antagonizes the
activity of the other, but not the reverse (Green,
1989).

Several examples of antagonistic interactions have
been described; EPTC and 2,4-D in sorghum and maize
(Beste and Shreiber, 1970), 2,4-D and 2,4,6-T in tomato
(Hoffmman, 1962), EPTC and CDAA in maize (Leavitt and
Penner, 1978), 2,4-D and Diclofop-methyl in maize and
susceptible plants (Todd and Stobbe, 1980; Shimabukuro
and Hoffer, 1991), and 2,4-D and Paraquat in maize

(Wilson and Worsham, 1988).

1.5 Limitations and Shortcomings of Herbicides

Like other successful approaches, herbicides have
their own restrictions which in some cases make their
use undesirable. According to Pike et al. (1991) several
limitations affect the use of the herbicides;
availability of equipment, the perception of need,
degree of crop tolerance, spectrum of weed control,
potential effect on subsequent crops, cost, convenience,
and health and environmental effects. It seems that
maintaining the equation of risk, benefit, and cost is a

difficult task.

1.5.1 Weeds Resistance
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Weed résistance to herbicides has already reached
serious levels in many agricultural areas around the
world. The rate of either evolution of detection of new
cases of resistance has become equal to that in insects
and fungi (Holt and LeBaron ., 1990).

Resistance is defined as a decrease in the
sensitivity of the weed to the herbicide, relative to a
normal susceptible weed. It occurs as a consequence of
the application of the herbicide (LeBaron: and Gressel,
1982; Putwain, 1990).

Weed resistance to a herbicide may be due to a
change in the molecular structure of the binding site, a
reduction in the amount of herbicide that reaches the
site, or an alteration in the pattern of uptake,
translocation, and metabolism of the herbicide (LeBaron:®
and Gressel, 1982; Putwain, 1990).

Resistance can occur under selective pressure from
continuous exposure to herbicides. This could stem from
either (natural) selection of pre-existing resistance in
plants, or genetic changes (mutation) in plants
(Benbrook and Moses, 1986), and resistance to one
chemical could cause cross-resistance to others
(Shaaltiel et al., 1988).

Various methods have been proposed to overcome
reistance problems; using an initial high dose of the
herbicidefollowed by lower ones, using synergists with
the herbicide to lower its dose, rotation of herbicides

and of crops, and the use of mixtures of herbicides
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having different modes of action( Martin, 1987; Putwain,

1990).

1.5.2 Environmental consideration

Herbicides should remain in the treated area for
long enough to exert their biological activity, but not
long enough to cause environmental problems.

Herbicides applied near shallow underground sources
of drinking water could come in contact with these
sources (Kearney and Kuf man, 1988; Chen, 1990). fhe
toxicological effects of herbicides and/or their
metabolites that may enter the food chains should be
considered, particularly with pro-mutagenic or
carcinogenic chemicals ( Woo and Arcos, 1989; Isensee,
1991), while contamination of the soil and consequent
inhibition of microorganisms have been demonstrated
(Gunther et al., 1984; Camper, 1991),creating a carry-
over problem where the succeeding crops would be injured
by resiques of herbicides previously applied, (Curran
et al, 1991; Barns and Lavy, 1991), or when a pre-
emergence herbicide synergizes injury from a post-
emergence one, e.g. alteration of plant cuticles (Davis
and Dusbabek, 1973).

Direct hazards from herbicides to people applying,
mixing, and handling them , and the danger of these
chemicals to 1livestock, fish, and wildlife have been
reported (Gangstad, 1982; Kannak et al., 1989), while

their transformation in food chains, and the subsequent
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risk to the public has caused great concern with respect
to the safety and contamination of food (Minyard et al.,
1991). This has lead to the development of more accurate
and sensitive methods for their analysis (Clower, 1991),
and to restrictions on their legal use (Trichilo et al.,
1991).

1.5.3 Enhanced degradation

Accelerated degradation of Therbicides in soil
previously treated with the same or analogou s chemicals
is a recent problem reducing their biological activity
(Obrigawitch et al, 1983 Harvey, 1990 ). This
phenomonona was detected initially for thiocarbamates
(Harvey et al., 1987; Muller, 1988; Menkveldand Dekker,
1988), but now includes other groups of herbicides
(Avidove et al., 1990; Walker and Welch, 1991, 1992).
Adaptation of soil microorganisms seems to be the cause,
either due to an increase in microbial population
(Skipper, 1990), or to enhancment in its activity
without alteration in numbers (Mooman, 1988 ), or to a
change in both their population and the activity of the
degradators (Avidove et al., 1990).

According to Tam et al. (1987) the transfer of

plasmids containing genes for the degradative enzymes
via conjugation 1is responsible. Various methods have
been explored to overcome this problem; applying
extenders that act by inhibiting the activity of the

degradative enzymes (Rahman and James, 1983; Harvey et

al., 1986 ), or applying other agrochemicals with the
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herbicide (Béhki and Khan, 1991 ), while Bean et al.
(1988); and Reed et al. (1989) suggested herbicide
rotation and the use of encapsulated formulation as

alternative methods.

1.5.4 Marginal selectivity

A selective herbicide is one that controls weeds
at rates that do not injure the crop, and leaves no
residue in the soil to injure succeeding crops, and no
hazardous residues within the crops. Herbicide
selectivity is a relative characteristic. The herbicide
is selective to a particular crop within certain limits
imposed by the herbicide, the plant, and the
environment. It is a term that relates to the treatment
and not to the compound, depending upon the application
rate and method and time of application (Hatzios and
Penner, 1982; Hance and Holly, 1990).

Herbicide absorption, translocation, and metabolism
determine the susceptibility or tolerance of the plant
to the herbicide( Hatzios and Penner, 1982; Hassall,
1986; Schultz et al., 1990; Copping et al., 1990).

Several methods have been proposed to achieve more

selective chemical weed control

1.5.4.1 Mechanical methods

Modification of the method and technique of

application so that the herbicide comes in contact
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with the weeds and not the crops is an approach that has
been examined to achieve more selective control
(Stephens, 1982; Hatzios, 1983; Hassall, 1986).

Applying the herbicide by hand to ach%@ve selective
control of grass in Alfalfa (Dawson, 1980), or using
equipment that transfers the herbicide to the weeds by
direct contact (Southcombe and Seaman, 1990; have been
among the methods explored.

The requirement of time, labour, and technical
training made it necessary to search for other

alternatives.

1.5.4.2 Technology of formulation

Various types of formulation were described
(Hatzios, 1987). A granule formulation was used to
minimize rice injury because the herbicide does not
reach the growing points or the roots located under the
soil, and the same effect could be achieved wusing
control release formulations (Matsunaka and Wakabayashi,
1989).

Trimmel et al. (1982) encapsulated the herbicide
in coating of starch-Borate , while Shasha et al. (1987)
used a starch matrix containing the herbicide to coat
maize seeds.

Recently, formulating the herbicide in such a way
that its biological activity is exerted after
transformation in the weeds but not in the crop (pro-

herbicide) was examined (Rubin and Kirino, 1989).
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1.5.4.3 Development of novel herbicides

The use of rational synthesis has successfully
resulted in developing highly selective, effective
herbicides with excellent environmental safety, very
low application rate, and low mammalian toxicity (e.g
Sulfonylureas and Imidazolinones) (Copping et al., 1990;
Leavitt, 1991; Murai et al., 1991). The cost and time

requirement have imposed restrictions on this approach

(Hatzios, 1983; Copping, 1990).

1.5.4.4 Genetic manipulation of crops

Conferring crop tolerance to non-selective
herbicides could be achieved through mutations that
decrease the sensitivity, or cause gene overproduction
of the target site(s), or cause the disruption of
herbicide wuptake, translocation, and metabolism. The
potential of this approach became evident when herbicide
target sites were studied at the molecular level, and
clearly identified (Gressl et al., 1982; Schultz et al.,
1990) .

A number of successful cases have been reported;
Atrazines acting on Qb in photosystem 1II, Glyphosate
acting on aromatic amino acid biosynthesis,
Sulfonylureas acting on biosynthesis of branch chain
amino acids, and phosphinotricin acting on ammonia
assimilation. On the other hand the reduction or

alteration in the biological activity of the processes
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concerned and the possibility of cross resistance to
weeds, are limitations of this method (Schulz et al.,

1990) .

1.5.4.5 Chemical manipulation of crops (Safeners)

The antagonistic type of interaction Dbetween
herbicides was the basis for the development of the
safeners (Hoffmman, 1962, 1978). These chemicals are
applied as a seed coating or as a tank mixture with the
herbicide (Hatzios, 1983). They are applied mainly with
the marginally selective herbicides, those that cause
damage but do not kill the crop (Gressl et al., 1982).

By using these chemicals, higher doses of herbicides

could be used to control a wide range of weed species

including those <closely related to the crops, thus
increasing the period over which weeds are controlled,
providing greater reliability under varying
environmental conditions, permitting the use of
herbicides otherwise not practicable for wuse in a
particular crop, and allowing cheaper and/or more
effective herbicides to be substituted (Blair et al.,
1976; Gray and Green, 1982; Hatzios, 1989). This subject

is covered in greater detail in chapter two).

1.6 Thesis objectives :

This project was concerned with exploring the
effects of safeners on the herbicides concerned, with

particular reference to the safener Dichlormid and
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analogues against the herbicide EPTC in maize. To
achieve this objective several possible interactions
were proposed, appropriate methods were designed, and
the relevance of the results to the safener mechanism(s)
of action are discussed.

Chapter one sets out to clarify concepts related to
themain objective; thiocarbamates and chloroacetanilides
as examples of chemical weed control agents, herbicide
mixtures and their synergistic, antagonistic, or
additive interactions, limitations and shortcomings of
herbicides, and the possible methods of overcoming
these, with emphasis on marginal selectivity, and the
exploration of techniques to acheive better selective

weed control.

Chapter two is intended to give a solid and
comprehensive review of herbicide safeners, from
various angles; history, development, uses, chemistry,
adverse effects, transformation in soil, mammals,
and plants, mechanism(s) of action, and recent
developments in the subject.

Chapter three comprises a study dealing with the
controversial hyp othesis that the mechanism of
action of Dichlormid is its interference with EPTC
uptake by haize roots. To <carry out that aim, an
experimental system and a method of analysis have been
developed. In addition the interference of Dichlormid

with EPTC volatilizationfrom nutrient solution, the
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relation of that to its possible absorption through
maize shoots, and the overall contribution of these
effects to the mechanism(s) of action of Dichlormid has

been studied.

Chapter four includes a review of EPTC
transformations in various media, the relation of
transformation to its selectivity, the role of the
enzymatic catalysis of the transforming reactions, and a
review of 1literature dealing withthe effects .of
Dichlormid on EPTC metabolism from various angles. It
then describes the interference of Dichlormid with EPTC
metabolism in maize shoots. There were three main steps
in this study; synthesis of the metabolites expected
(EPTC-Glutathione, and EPTC-Cysteine conjugates) using
different forms of EPTC (sulfide, sulfoxide, and
sulfone), and the relation of the different forms to the
enzymatic contribution to EPTC detoxification; setting
up an experimental technique and analytical method for
the identification and quantitative analysis of the
metabolites, and studying the effects of Dichlormid on
EPTC metabolism in maize shoot tissue through the
Glutathione pathway, and the possible relevance of that

to its mechanism of action.

In chapter five, the effectiveness of Dichlormid

analogues as safeners against EPTC injury in maize, its
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connection  to a hypothetical structure-activity
relationship, and the significance of specific
functional group(s) to the safening activity are

demonstrated.

Chapter six comprises a study of the photochemical
fate of EPTC, Dichlormid, and EPTC+Dichlormid in aqueous
and non-agqueous solutions, the separation and
characterization of their photoproducts, and the
possible interference of Dichlormid with the rate and
nature of EPTC phototransformation.

Chapter seven draws general concluding remarks
relating to the work, its contribution to the
elucidation of the mechanism(s) of action of Dichlormid,
the limitations and the restrictions imposed throughout
the work, and suggestions and perspectives for further

work .
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Chapter two

Herbicide safeners : Development, Uses, Chemistry,

and Mechanisms of Action

2.1 Introduction

The termssafeners, antidotes, antagonists,
protectants, modifiers, and agriregulators, all refer to
chemicals that have limited phytotoxicity on their own
and selectively protect crop plants but not weeds from
injury by herbicides. They are applied either before or
simultaneously with the herbicide. As far as their
terminology is concerned, no one phrase has been fully
accepted. The term safeners is the most popular one;
antidotes are usually applied to reverse the action of
a toxic chemical, while the chemicals concerned prevent
crop injury but do not reverse it. Using the term
antognists excludes chemicals that exert their activity
in other ways than antagonising the action of the
herbicide at the site of action, and the term
protectants refers mainly to chemicals that protect
crops by acting externally rather than within the plant.
Even the term safeners has its limitations. It could
imply safening the herbicide rather than the crop, and
there is no verb to safen in the English language (Gray

and Green, 1982; Hatzios, 1989a).

Safeners are applied mainly with marginally

selective, soil applied, shoot absorbed herbicides such
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as thiocarbaﬁates and chloroacetanilides. They are used
to protect cereal crops such as maize, sorghum, and rice
(Stephenson and Ezra, 1983; Fuerst, 1987), while recent
reports about using chemicals as safeners to protect
broad-leaved crops, particularly against the herbicide
Metribuzin in soybean have been published ( Varvina,
1987; Phatak and Varvina, 1989 ).

Site of application of both the safener and the
herbicide, time of their application, method of
application i.e. seed coated or tank mixture with the
herbicide, and their ratio in the mixture, all are
critical factors in determination the activity of the
safener (Hatzios, 1983; Jablonkai et al., 1991 ).

Safeners have advantages in offering selective
chemical weed control, counteracting the residual
activity of soil applied herbicides, extending the uses
and marketability of out-of-patent herbicides, helping
in the elucidation of the mechanisms of action of
herbicides, allowing the replacement of expensive
herbicides by cheaper ones, allowing the use of higher
rates of the herbicide, and controlling weeds
botanically related to the crop (Hoffmman, 1969; Blair
et al., 1976; Peek et al., 1981; Gray and Greens,

1982; Stephenson and Ezra, 1985; Furest, 1987; Hatzios,
1989b ).

Safeners act mainly within plants, while chemicals
that act by adsorption of the herbicide in the root zone

are called adsorbents.
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2.2 Adsorbenﬁs

The physical shielding of the crop from contact
with the herbicide was the earliest method wused to
protect crops from possible herbicide injury (Blair et
al, 1976; Hoagland, 1989 ). This approach includes the
use of Activated carbon, 1lignin by-products, calcium
polysulfides, ion exchange resins, various clays,
magnesium silicate, and alumina (Hoagland, 1989 ).

In addition to protecting crops from herbicide
injury, adsorbents are used to remove harmful
constituents from drinking water, soil, and spray
equipment. They are wused in various ways; as a
concentrated band above the germinating seeds, coated
directly on the seeds, sprayed directly on the plants,
applied as a root dip, as dry powder, and mixed with
water to form slurry that is sprayed onto soil. They are
applied at time of sowing or before to inactivate
herbicides already present in the soil (Blair et al.,
1976; Gray and Greens, 1982; Hoagland, 1989 ).

The protective efficiency of the adsorbents depends
upon various factors; soil adsorptive capacity, seedling
depth, rate of the wetting agent added, herbicide type,
herbicide rate, type of adsorbent wused, and plant
species (Goffey and Warren, 1969; Bo vey and Miller,
1969; Burr et al., 1972; Lee, 1973; Hoagland, 1989 ).

Adsorbents have been used to protect various crops
against different herbicides; maize against various

herbicides (Gupta and Niranwad, 1976 ), barley seedlings
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against Diuron (Toth and Micham, 1975), aspargus against
Linuron and Chloramben (Ogg, 1978), maize against

Chlorosulfron (Eleftherohorinos, 1987), tomato against

Metribuzin (Toth et al., 1987), soybean against
Metribuzin (Street et al., 1987), cucumber and beans
against Propachlor (Bovey and Miller, 1969), maize
seedlings against EPTC (Gray and Joo, 1978), and

cucumber against the herbicide Chloramben (Knerr and
Hoen, 1989).

The requirement for an application technique
different from that used for herbicide application, the
expense, the inadequate control of weeds, and the
development of safeners as an effecient alternative
method have caused a decline in the wuses of the

adsorbents.

2.3 Safeners (Historical background)

Starting from the antagonistic interaction between
2,4-D and 2,4,6-T (Hoffmman, 1953), a long period of
research by Hoffmman lead to the introduction of
Nahpthalic Anhydride (NA) as the first commercial
safener against thiocarbamate herbicides in maize in
1971 (Hoffmman, 1960, 1962, 1969,1978a, 1978b).

The screening of a large number of chemicals
against thiocarbamate herbicides in graminaceous crops
lead to the development of the safener Dichlormid in

1972 used against EPTC and Butylate in maize (Chang et

al., 1973a, 1973b; Pallos et al., 1975, 1978; Hatzios,

36



1983). The. botanical and chemical selectivity of
Dichlormid made it suitable for application as a tank
mixture with the herbicide rather than as a seed
coating. The advantages of this method lead to a decline
in the use of Naphthalic Anhydride (Hatzios, 1989a).

The safening activity of Oxime ether compounds has
been successfully examined, and three of them were
introduced as a commercial safeners (Cyometrinil,
Oxabetrinil, and CGA-15281) against chloroacetanilide
herbicides in sorghum (Ellis et al., 1980; Peek et al.,
1981; Chang and Merkle, 1982). Later the Thiazol-
carboxylic acid (Flurazole) was introduced against the
herbicide Alachlor in sorghum (Sacher et al, 1983), and
recently the safener Fenclorim was introduced against
the herb;cide Pretilachlor in rice (Hatzios, 198%9a). On
the other hand, various chemicals have shown different
types of safening activity (Pallos et al., 1975, 1978;
Gorgy et al, 1982; Wuertzer et al., 1983; Nagy and
Balogh, 1985; Szell et al., 1985; Dutka and Komives,
1987; Wried et al., 1991a, 1991b), and some success has
been achieved in the protection of broad-leaved crops
(Varvina, 1987; Phatak and Varvina, 1989; Kneer and
Hopen, 1989; Devlin and Zbiec, 1990), while the safener
Naptalam has shown some success against the post-
emergence application of the herbicide Paraquat in
peanuts (Wehtje et al., 1991) and recently

microorganisms degrading the herbicide EPTC were applied
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by inoculation and wused as a successful safeners in

maize (Nagy et al.pr 1992).

2.3.1 Uses
2.3.1.1 Maphthalic Anhydride
Naphthalic Anhydride (NA) or according to IUPAC

Naphthalene-1,8-dicarboxylic anhydride has the formula

NA

It is a light tan crystaline solid with melting point
270-274°C. It is relatively 4insoluble in water and in
most non-polar solvents. It is stable under normal
storage conditions, non-corrosive, non-hygroscopic, and

relatively non-toxic to mammals.

NA was introduced as commercial safener in 1971. It
is the most verstaile safener, being 1less specific
botanically and chemically than other safeners. It
protects various crops against wide range of herbicides.
It has been tested successfully to protect maize against
thiocarbamates, dithiocarbamates, and
chioroacetanilides. It was useful in protection of rice,
grain sorghum, and oats (Hoffmman, 1969, 1978; Blair al
al. , 1976; Stephenson and Chang, 1978; Hatzios, 1983) .
It was capable of providing safening activity against
post-emergence application of selected herbicides

(Parker, 1983). It offered safening activity to maize
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against the. herbicide Preflurdone (Blair and Bean,
1976) . It enhanced the tolerance of wheat (Miller et

al., ., 1978), and oats and barley (Chang et al., 1974;
Blair, 1978) to the herbicide Barban. Also its safening
activity has extended to include broad-leaved crops (
e.g.bean) against the herbicide EPTC (Blair, 1979). It
protects against the herbicide Chlor sulfron in maize
(O'leary and Prendeville, 1985), and the herbicides
Thiobencarb and Molinate in white rice (Deandrade,
1985). Codde. (1988) detected its safening activity
against the herbicide Diclofop-methyl in oats, and
recently Milhomme and Bastide. (1990) demonstrated that
it was active against Metsulfuron in maize. Boldt and
Barrett. (1991) showed that it protected maize against

injury by the herbicide Imazethapyr.

2.3.1.2 Chloroacetamides

By using the random screening method,
chloroacetamide chemicals have been identified as
showing safening activity particularly against
thiocarbamates and chloroacetanilides (Pallos et al.,
1975; Stephenson and Chang, 1978). Among the chemicals
examined Dichlormid was the most effective safener when
added in small amounts to EPTC and other thiocarbamates
in preventing the onset of herbicide injury to maize
plants (Chang et al., 1972, 1973; Pallos et al., 1978).

Dichlormid ( N,N-diallyl-2,2-dichloroacetamide) is

a coulerless viscous 1liquid, soluble in most organic
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solvents. Its solubility in water is 5g/L at 20°C, with
vapour pressure of 0.006mmHg at 25°C. It is relatively

non-toxic to mammals (Worthing, 1979).

It was thought that Dichlormid was highly
specific chemically and Dbotanically when it was
introduced in 1972 (Pallos et al., 1975; Chang et al.,
1973; Stephenson et al., 1978, 1979; Dutka et al, 1979),
but wider safening activity was demonstrated against
other herbicides in addition to thiocarbamates; it has
been used effectively with chloroacetanilides (Leavitt
and Penner, 1978), with the herbicide Sethoxydim
(Hatzios, 1984a), with the bleaching herbicide Clomazone
(Devlin and Koszanski, 1987), and with the herbicide
Chlorosulfron (Polge, 1989). This illustrates that the
reactivity of Dichlormid is chemically more diverse than
was previously believed, and recently Dichlormid was
used as a synergist with post-emergence herbicides

(Fedtke and Strang, 1990).

Another chloroacetamide which is mainly used as a
herbicide but has safening activity when used at sub-

toxic rates, is N,N-diallyl-2-chloroacetamide (CDAA).

Its safening activity has been detected against
chloroacetanilides and thiocarbamates in maize (Chang et
al., 1973; Pallos et al., 1978; Stephenson and Chang,

1978; Leavitt and Penner, 1978; Hatzios and Penner,
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1980; Stephenson and Ezra, 1983; Ezra et al.. 1985). 1In

addition various degrees of safening activity have been
detected for other members of the chioroacetamide group
(Stephenson and Chang, 1978; Blair, 1979; Leavitt and
Penner, 1978; Winkle et al .. 1980; Gorog et al .. 1982;
Nagy and Balogh, 1985; Dutka and Komives, 1987; Szelle

et al ., 1988; Fuerst et al., 1991).

2.3*1,3 Qxime Ethers

Oxime ethers exhibit good chemical and botanical
specificity in being highly selective safeners against
chloroacetanilides in grain sorghum (Peek et al.. 1981;
Chang and Merkle, 1982; Chang, 1983; Hatzios, 1989a).

They share a common structure

Three commercial safeners within this group have been
introduced
Cyometrinil : : CN , R2 : CN
Oxabetrinil : Rj : CN, R
cGa-133205 : Rl : cF3, R2

The adverse effects of Cyometrinil on sorghum seed
germination, and crop establishment 1lead to the
introduction of its analogue Oxabetrinil (Turner et al..
1982), while the undesirable interaction of Oxabetrinil

with downy mildew of grain sorghum was the reason for
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the introduction of CGA-133205 (Hatzios, 1989%a).

2.3.1.4 Others safeners
The Thiazolcarboxyl ate compound Flurazole was
introduced as a safener against the herbicide Alachlor

and Acetochlor in grain sorghum (Schafer et al.. 1981)

CF- C-0-CH

Flurazole

Flurazole showed high degree of chemical specificity,
failing to protect maize against thiocarbamate and

chioroacetanilide herbicides (Hatzios, 1986).

Another safener that introduced recently on a

commercial scale to protect rice against the herbicide

O

In addition to the above commercial safeners, a

Pretilachlor is Fenclorim

ci

wide range of chemicals have been tested and have shown
various degrees of safening activity (Dutka and Komives,
1987; Hatzios, 1989a; Burckhardt et al.f 1990; Ogasawara
et al.f 1991; Wreid et al.. 1991a, 1991b; Lamoureux and

Rusenss, 1992 ) .
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2.3.2 Methods of application

The chemical and botanical specificity of the
safener determine the most appropriate method for its
application.

The safener Naphthalic Anhydride has limited
specificity, and offers protection to the weeds when
applied to the soil, so it is mainly used as a seed
coating at a rate of 0.5%(w/w) of the seed (Guenyli,
1971; Hoffmman, 1969, 1978).

Dichlormid shows safening activity when applied
either as a seed dressing, or as a tank mixture with a
soil applied herbicide (Chang et al., 1973; Pallos et
al., 1975; Blair et al., 1979; Parker, 1983), but due to
its availability to plants from the soil, and simplicity
in the method of application, it is sold as a pre-
packaged formulation with the herbicide (Gray and
Greens, 1982; Hatzios, 1983). On the other hand the
possibility that the weed population will shift toward
plants tolerant to Dichlormid and the herbicide
formulation following their repeated application is a

hazard of this method (Stephenson and Ezra, 1983).

Due to their marginal selectivity, and the
protection of the weed after soil application, oxime-
ether safeners are usually applied as a seed coating in
grain sorghum (Ellis et al., 1980; Peek et al., 1981).

The safener Flurazole was effective when épplied to

the soil, but due to its protection of weeds, it is
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usually applied as a seed dressing (Schafer et al.,
1981), while the safener Fenclorim has been introduced
as pre-packaged tank mixture with the herbicide

(Hatzios, 1989a).

2.3.3 Structure-Activity relationship

It has been demonstrated that the presence of the
dicarboxylic anhydride group, and at least one aromatic
ring attached directly to the anhydride is essential for
the safening activity of Naphthalic Anhydride and its
analogs (Hatzios and Zamma, 1986), and substantial
safening activity has been detec ted in Naphthalic Acid
(Codde, 1988, Sha ner, 1991).

For chloroacetamide safeners the structural
similarity with the herbicides has been proposed as the
basis for their activity (Stephenson and Chang, 1978;
Stephenson et al., 1978, 19798; Dutka et al., 1979;
Yenne, 1989; Yenne and Hatzios, 1990b), and according to
Stephenson and Chang., (1978) in a soil free system, the
most effective safener is the one most similar
structurally to the herbicide. On the other hand Mono
and Trichloroacetamides were less effective as safeners
compared with the Dichloro compounds (Stephenson et al.,
1978, 1979; Dutka et al., 1979), and those with two
substituents on the nitrogen are more active than those
with one(Dutka et al., 1979). ; Dutka et al.(1979) , and
Dutka and Komives., (1983) emphasised the significance

of the dichloroacetamido moiety for the safening
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activity, while later Dutka and Komives., (1987)
confirmed the essentiality of the dichloroaceto group
rather than dichloroacetamido to the safening activity
of Dichlormid.

The presence of oxime and pyridine groups or two
oxime groups and an aryl group attached to oxygen
in the molecule was essential for oxime ethers to
exert safening activity (Chang and Merkle, 1982;

Chang, 1983).

2.3.4 Transformations:

Safeners undergo transformation in soil,
plant, and mammals. The rate and nature of their
transformation products depends upon the safener,
the medium in which it resides, and environmental
factors.

In soil, micoorganisms are mainly responsible
for degradation of safeners. The safener Naphthalic
Anhydride is transformed rapidly. Although its
decarboxylation has been shown as the most possible
pathway, its degradative routes have not been fully
elucidated (Riden and Asbell, 1975).

For the safener Dichlormid, dechlorination,
dealkylation, oxidation, and hydrolysis were
demonstrated as pathways of degradation ( Miaullis et
al., 1978). No enhancement of degradation in soil
previously treated with Dichlormid has been detected

(Wilson and Rodebush, 1987).
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In plants, Naphthalic Acid has been suggested as a
metabolite of Naphthalic Anhydride (Riden and Asbell,
1975; Frear et al., 1987; Codde, 1988). Dichlormid
underwent transformation through oxidation,
dealkylation,dechlorination, hydrolysis, and conjugation
with plant constituents (e.g Glucose) (Miaullis et al.,
1978) . The oxime ether safener Oxabetrinil was
metabolised via conjugation with Glutathione (GSH) while
the safener CGA-13305 yielded unidentified products in
sorghum plants(Yenne,1989; Yenne and Hatzios, 19905),
while Brooks. (1987), and Brooks et al.(1987) reported
that oxime ether safeners were metabolized by oxidation
in sorghum coleoptiles.

Unidentified metabolites were detected from the
safener Flurazole in sorghum (Jackson, 1984), and its
conjugation with Glutathione (GSH) has been demonstrated
(Breaux et al., 1989). Recently the safener
Fenchlorazole ethyl was shown to be metabolized through
hydrolysis and dealkylation in wheat and barley (Romano
et al., 1991).

In mammals, Dichlormid yielded similar products to
those detected in soil and in plants, while its
conjugation with Glutathione (GSH) was an additional
route, and its terminal products were identified as
Glycolamide, Glyoxamidoxamic acid, and Dichloroacetic

acid (Miaullis et al., 1978).
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2.3.5 Limitaﬁions and Adverse effects

Since safeners have functional group(s) similar to
those in the herbicides, they may be expected to have
phytotoxic effects under some conditions. In the field
both their performance and their adverse effects are
influenced by environmental factors; temperature, soil

moisture, soil structure, and cultivar biotype.

2.3.5.1 Naphthalic Anhydride

When used at high rates, Naphthalic Anhydride has
adverse effects (Blair et al., 1976). Stunting and
chlorosis were detected as phytotoxic symptoms in maize,
sorghum, rice, oats, and bean even at a commercial
rate(0.5% w/w) (Thessien et al., 1980; Hatzios, 1984a,
1984b; Blair, 1979). A reduction in maize shoot
development as a result of NA treatment was demonstrated
(Guneyil, 1971), and variation in its safening activity
with sorghum biotype has been shown (Hann, 1974). Its
performance varies with soil type(Stephenson and Ezra,
1983) .NA performance against EPTC was partial in sandy
or silt 1loam soil compared with clay loam (Guenyil,
1971) while Parker and Bean., (1976) observed slight

damage to rice as a result of NA treatment.

2.3.5.2 Dichlormid :

The performance of Dichlormid as a safener was
affected by several factors; soil incorporation, seed

placement, cultivar type and herbicide behaviour(e.g
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leaching, bréakdown) (Burt, 1976). Due to a difference
in the degree of solubility between EPTC and Dichlormid
the two chemicals leach at different rates under heavy
rainfall or irrigation conditions, causing the loss of
the two compounds from the treatment zone and hence
plant injury( Burt and Buzio, 1980). Crook (1975)
reported that

Dichlormid was ineffective against thiocarbamate
herbicide in 1light soils. A possible shift in weed
population towards species tolerant to the formulation
EPTC+Dichlormid as a result of their repeated
application as a tank mixture is expected (Stephenson
and Ezra, 1983).

Safening activity varies according to the plant
genotype. Thus some varieties are not protected by
Dichlormid (Wright et al., 1974; Sagaral, 1978; Sagaral

and Foy, 1982; Lay and Niland, 1985).

2.3.5.3 Oxime ethers :

As a result of the adverse effects of the safener
Cyometrinil on seed germination and crop establishment
in grain sorghum, its analogue Oxabetrinil was
introduced (Turner et al., 1982). It in turn caused an
increase in the incidence of sorghum downy mildew
disease (Graig et al., 1987; Szerszan et al., 1988),
which lead to the introduction of the safener CGA-133258
(Hatzios, 1989%a).

Inhibition of several metabolic processes by
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Cyometrinilland Oxabetrinil (Rufener et al.,1982; Zama
and Hatzios, 1986), and a significant reduction in grain
sorghum germination as a result of Oxabetrinil treatment

have been demonstrated (Yenne and Hatzios, 1989).

2.3.5.4 Others Safeners

The safener Flurazole has adverse effects on
viability, respiration, and growth of grain sorghum
(Schafer et al., 1980; Ketchersid and Merkle, 1983), and
it inhibited some metabolic processes; photosynthesis,
protein synthesis, nucleic acid synthesis, and 1lipid
biosynthesis in isolated soybean leaf cells (Zama and

Hatzios, 1986).

2.3.6 Mechanisms of action

Early investigations suggested that safeners might
act through a single mechanism that was assumed to be
common to all crop-herbicide-safener combinations. This
suggestion was disputed later. It was proposed that the
action of safeners was most likely to be the result of a
series of multiple interactions between the safener and
the herbicide which contribute to the overall protection
(Ezra et al.,1983).

The fact that the currently available safeners
exhibit botanical specificity for graminaceous crops
with moderate tolerance of the herbicides, and chemical
selectivity toward soil applied and shoot absorbed

thiocarbamate and chloroacetanilide herbicides 1lead to
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asuggestion that their action relates to physological,
biochemical, and molecular function(s) which are unique
to or highly efficient in the graminaceous crops
affected by thiocarbamates and chloroacetanilides and
altered by the safeners, while these systems are either
not present or not affected to the same extent by the
herbicides and safeners in other plants (Hatzios,
1989b) .

The similarity in the site(s) of uptake and action
of both the safeners and the herbicides in the
coleoptile region of the plant shoot is another common
feature (Gray and Joo, 1978; Peek et al., 1981).

The fact that, to exert their activity, safeners
should be applied simultaneously with or before the
herbicide indicates that they prevent but do not reverse
the damage caused by the herbicide (Hatzios, 1983;
Stephenson and Ezra, 1985).

Several pathways have ben proposed explaining
action of safeners; modification of the sensitivity of
the target site of the herbicide, overproduction in the
synthesis of target site(s), or both (Duessing, 1984),
while three main hyphotheses have attracted in trest.

2.3.6.1 Interference with herbicide absorption and

translocation

For the herbicide to exert its biological activity
it should be absorbed and translocated in adequate
quantity to its site(s) of action. Various factors

affect its pattern of uptake and/or translocation ; the
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herbicide moiecule, the method of application, the type
of formulation, herbicide rate, and environmental
factors (this subject is covered in greater detail in
chapter three).

Safeners being chemicals applied with herbicides
can interfere with their pattern of absorption and/or
translocation. This could be through chemical
interaction with the herbicide, biochemically through
disruption of some biochemical processes ultimately
leading to an alteration in the pattern of uptake and/or
translocation, or by competition with the herbicide at
the site(s) of entry (Hatzios, 1989b). The interference
could result in reduction in uptake and/or translocation
(Arhens and Davis, 1978; Ezra et al., 1982; Ketchersid
et al., 1980 O’leary and Prendeville, 1982; Varvina,
1987; Ketchersid, 1990; Furest et al., 1991; Han and
Hatzios, 1991,; Wehtje et al., 1991; Furest and
Lamoureux, 1992), or stimulation (Guneiyl, 1971; Furest
and Gronwald 1986; Zama and Hatzios, 1986; Codde, 1988;
Yenne and Hatzios, 1990; Milhomme and Bastide, 1990), or
no significant effect (Holm and Murphy, 1972; Chang et
al., 1974; Szabo, 1974; Marton et al., 1978; Winkle et
al., 1980; Christ, 1981, 1985; Rubin et al., 1985;
Jackson et al., 1986; Sander and Barrett, 1989a; Rowe et

al, 1991; Lamoureux and Rusness, 1992).
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2.3.6.1.1 Chemical antagonism

The safener and the herbicide have functional
group(s) capable of interacting chemically. This
interaction could be in the tank mixture, in soil, in
plant surfaces, and within the plant. The formation of
products might prevent herbicide entry into the plant ,
or alter its pattern of translocation.

Little has been done to explore this possible
mechanism , but it has been established that adsorbents
act by preventing entry of the herbicide into the plant
physically (Gupta, 1976; Blair et al., 1976; Hoagland,
1989).

The possiblity of complex formation between
Dichlormid and EPTC in soil has not been confirmed, but
the fact that Dichlormid exerts its safening activity
when applied to soil as well to nutrient solution rules
out the significance of soil factors in its mechanism of
action (Gray and Joo, 1978; Stephenson and Chang, 1978).
The formation of such complexes was the basis for
applying metal ions to reduce the phytotoxicity of
herbicides (e.g Glyphosate (Turner and Loader, 1978), or
applying chelating agents with photosynthusic inhibitor

herbicides (Jansen et al., 1990).

2.3.6.1.2 Competition at the site of entry :

The possiblity that the safener blocks herbicide

uptake at the site of entry, or at some point along its
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translocatioh pathway seems likely. Most safeners and
herbicides have similar site(s) of uptake (Gray and Joo,

1978; Jackson et al, 1986; Nyffeler et al., 1980). This
possiblity has been examined and different results
obtained depending upon the method of study and other

factors (Hatzios, 1983c; Stephenson and Ezra, 1983).

2.3.6.1.3 Biochemical alteration

Safeners might exert their ultimate effect on
herbicide uptake and translocation through alteration of
physiological and biochemical processes. As an example,
when safeners reversed the inhibition of epicuticular
wax formation caused by the herbicides , the rate of
transpiration and as a result herbicide uptake were
reduced (Leavitt and Penner, 1978a; Ebert, 1982; Georog

et al., 1982; Ebert and Ramsteiner, 1984).

2.3.6.2 Herbicide metabolism

The tolerance or susceptibility of a plant to a
herbicide relates to its ability to detoxify the
herbicide (Hatzios and Penner, 1982; Shimabukuro, 1985;
Breaux et al., 1987) .i.e. its ability either to
transform the active form to an inactive one or to avoid
metabolizing an inactive substance into an active one
(Dodge, 1990).

Safeners could have the ability to alter
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herbicide metabolism directly by acting as chemical
activators of particular functional groups in the
herbicide, or by affecting biological system(s) (e.g
enzymes) involved in the transformation of the herbicide
(Lamoureux and Frear, 1987; Hatzios, 1989a). The
involvement of herbicide metabolism in the mechanism(s)
of action of the safener is the most popular hypothesis
in this respect (Casida et al., 1974, 1975; Hubbell and
Casida, 1977; Sagaral, 1980; Winkle, 1980; Jackson,
1984; Fuerst and Gronwald, 1986; Zama and Hatzios, 1986;
Varvina, 1987; Gronwald, 1989; Milhomme and Bastide,
1990; Han and Hatzios, 1991b; Fuerst et al., 1991;
Bussler et al., 1991; Ogasawar et al., 1991; Yaacoby et
al., 1991; Lamoureux and Rus<ens., 1992). This hypothesis
has been disputed (Leek, 1981).

Safeners are mainly applied with thicarbamates and
chloroacetanilides, whose metabolism involves two
established metabolic systems; mixed function oxidases
and glutathione related enzymes. The possiblity that
safeners interfere with one or both of the above systems

has been investigated.

2.3.6.2.1 Glutathione system

Glutathione is a tripeptide with the sequence
glu-cys-gly. It exists in every cell in the living
system. The glutathione status of the cell is the
total cellular concentration of Glutathione and the

relative distribution between its major
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forms;reduced Glutathione (GSH),
oxidizedGlutathione (GSSG), and mixed

disulfides such as GSS-Protein (Kosower, 1976;

Kosower and Kosower, 1978). Glutathione (GSH) has
multifunctional properties. It is involved in

enzyme mechanisms, in biosynthesis of

macromolecules, in drug metabolism, in radiation,

in cancer, in oxygen toxicity, and in environmental
toxins (Quintiliani, 1990).

In plants, Glutathione (GSH) has a vital role; its
use. as a storage form of reduced sulfur in plant cells,
it serves as the main long distance transport form of
reduced sulfur translocated from mature leaves to roots,
it protects chloroplast membranes from oxidative damage
caused by hydrogen peroxide and other oxidative
stresses(e.g extreme temperature, drought, air
pollutants, and herbicides), it conjugates with
exogenous and endogenous compounds, it is involved in
the synthesis of protein and DNA, it maintains enzyme
activity, and it is involved in the detoxification of
pesticides (Shimabukuro, 1975; Kosower and Kosower,
1978; Lamoureux et al, 1970; Rennenberg, 1982; Meister
and Anderson, 1983; Meister, 1983; Halliwell, 1984;
Alscher, 1989). According to Jablonkai and Hatzios.
(1991) the tolerance or sensitivity of plant to the
herbicides relates to GSH content.

Environmental stresses and chemicals alter

Glutathione status in plants (Meister, 1983; Polge,
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1989). Exposﬁre of beans to ozone(O3) caused a reduction .
in GSH content (Gun, 1983), while exposure of maize
roots to heat shock resulted in an increase in GSH
content (Nietro-Soleto and Ho, 1986), and in frost-
hardened spinach leaves, an increase in GSH content was
detected (Dekok and Oosterhuis, 1983). Illumination of

Euglena gracilis cells caused a rapid increase in total

Glutathione followed by a gradual decrease (Shigeoka et
al., 1987).

Safeners interfere with Glutathione status in a way
that facilitates detoxification of herbicides. This
could be by affecting either Glutathione (GSH) content or
Glutathione-S-transferase enzymes (GST), which might take

place through different mechanisms.

2.3.6.