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5 at the tuber surface.



WO 03/024218 PCT/SE02/01644

10

15

20

25

30

1

METHOD OF INHIBITING PLANT GROWTH OR SPROUTING OF TUBERS

Technical field

The present invention concerns the field of agricul-
ture. In particular, the present invention relates to the
field of weed control. More specifically, the present in-
vention relates to a herbicidal composition for plants,
and a method of controlling weeds.

According to another aspect, the present invention
concerns the field of food processing. More specifically,
the present invention relates to a novel method of inhib-
iting or delaying sprouting of tubers in storage, and a
new use of a composition for inhibiting or delaying

sprouting of tubers.

Background of the invention

In the field of modern agriculture, efficient crop
production is of utmost importance. Crops refer to plants
that are harvested by man for food or used for some other
purposes, such as clothing, fuel, paper, building mate-
rial and medicines.

Hence, it is desirable to control the growth of cer-
tain plants. In particular, it is of the greatest eco-
nomical and technical interest to control the growth of
weeds in the context of crop production and gardening.
Weeds compete with the cultured crops for limited re-
sources, such as nutrients, water and light. As a result,
the crop yield and/or quality is decreased substantially.

Conventional methods of controlling weeds can be me-
chanical, such as with a harrow or a cultivator, physi-
cal, such as with fire or hot water, and/or chemical,
such as with herbicideé. These and similar operations are
costly and/or time-consuming for the farmer, and may

still result in products with decreased quality.
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Herbicides may, according to the properties of the
active ingredient, be classified as either selective or
non-selective. Selective herbicides eliminate some mem-
bers of a plant population with little or no harm to
other plants, whereas non-gelective herbicides destroy
all vegetation in the treated area. Herbicides may also
be further classified by method of application, such as
pre-emergence (application to soil before plant emer-
gence) or post-emergence (application to plant foliage).
The mobility of post-emergence herbicides in the treated
plant is broadly classified into two types: contact (non-
mobile) or translocated (mobile, i.e. killing plants by
gystemic action).

During the last 50 years, it has gradually been dis-
covered that many agents based upon herbicides are non-
biodegradable and potentially toxic to end consumers of
foodstuffs and other plant-derived materials.

Glyphosate (N-phosphonomethylglycine) is a translo-
cated, post-emergent non-selective herbicide. It is known
to act on various enzyme systems, interfering with the
formation of amino acids and other endogenous chemicals
in treated plants. However, many agronomically important
weed species require application of relatively high
amounts of glyphosate for effective control. High amounts
of glyphosate can lead to undesirable increased selection
pressure. Accordingly, glyphosate tolerance is a recog-
nized problem in the field. Moreover, even the seemingly
biodegradable glyphosate has been found in ground water.

It is also known to use aqueous solutions of acetic
acid in high concentrations for controlling weeds. How-
ever, since a substantial part of the acetic acid will
evaporate, considerable amounts of acetic acid are needed
to provide herbicidal action. Using such high concentra-
tions, the farmer needs special protection equipment. In
order to reach the desired effect, it may be required to
apply the solution at multiple events. Another disadvan-

tage with the known solution is that its herbicidal ac-
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tion is rather slow. Accordingly, weed control operations
employing the known agueous acetic acid solutions are in-
convenient, costly, and time-consuming.

Alternative techniques for weed control should be
non-toxic for the farmer as well as the end consumer, and
should cause no gquality changes of the crops.

Moreover, there is an increasing awareness among
consumers in the industrial world, and the market for
foodstuffs treated only with naturally occurring chemi-
cals is rapidly expanding.

Thus, there is a large need for improved herbicidal

methods and agents in the near future.

Another relevant problem in the field is that growth
of sprouts on tubers, such as potatoes, in storage re-
duces product yields substantially. Sprouting is un-
wanted, since it also impairs the quality and the appear-
ance of the commercial products, i.e. potatoes, French
fries, potato chips, etc.

Tubers have buds (eyes) on their surface, that, when
the conditions are right, grow into new plants. Each such
tuber, or tuber piece, must have a bud for a plant to
sprout and develop. The buds may, even under conditions
favourable to development, remain dormant for more than
ten weeks after the tuber is fully-grown.

A variety of treatments of tubers for prevention of
sprouting exists, but there is an increasing awareness
among consumers in the industrial world, and the market
for foodstuffs treated only with naturally occurring
chemicals is rapidly expanding. Thus, alternative sprout-
inhibiting techniques should be non-toxic and cause no
guality changes of the potatoes. There is a large need
for improved sprout-inhibiting methods and compositions

in the near future.
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Summary of the invention

For these and other purposes, it is an object of the
present invention to provide a new, non-toxic method and
compogition for weed control.

It is also an object of the present invention to
provide a method and a composition for weed control,
which are environmentally safe.

It ig a further object of the invention to provide a
method and a composition for weed control, which are
cost-effective and easy to use at an industrial scale.

It is another object of the invention to provide a
method and a composition for weed control, which do not
negatively affect the quality of plant-derived end prod-

ucts.

According to another aspect, it is also an object of
the present invention to provide a new, non-toxic method
for the inhibition of sprouting of tubers.

It is a further object of the invention to provide a
novel use of a non-toxic composition for the inhibition
of sprouting of tubers, and a method for producing the
same.

It is another an object of the present invention to
provide a method and a novel use of a composition for the
inhibition of sprouting of tubers, which method and com-
position are environmentally safe.

It is a further object of the present invention to
provide a method and a novel use of a composition for the
inhibition of sprouting of tubers, which method and com-
position are cost-effective and readily implemented at an
industrial scale.

It is another object of the invention to provide a
method and a novel use of a composition for the inhibi-
tion of sprouting of tubers, which method and composition

do not negatively affect the quality of treated tubers.
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For these and other objects which will be evident
from the following disclosure, the present invention pro-
vides a method of killing a plant or retarding its
growth, comprising the step of exposing the surface, or
part thereof, of said plant to a composition comprising a
volatile pH-lowering compound and a carrier substance for
said pH-lowering compound, said carrier substance being
capable of forming on the surface, or part thereof, of
said plant a coating containing said pH-lowering compound
upon vaporization of at least part of said composition.

The invention is based on the finding that exposure
to a sufficiently acidic environment successfully kills a
plant or retards its growth or inhibits sprouting of har-
vested tubers, such as potatoes.

In a preferred embodiment of the method according to
the invention, said composition further comprises a vola-
tile medium, such as water.

In one preferred embodiment of the method according
to the invention, said composition is capable of main-
taining a pH of less than about 5 at the plant surface.
In a more preferred embodiment of the method according to
the invention, said pH is within the range from about 1
to about 5, such as from about 2 to about 4.

In a preferred embodiment of the method according to
the invention, said pH-lowering compound is a buffer or
an acid. It is preferred that said acid is a weak acid,
preferably an organic acid. It is particularly preferred
that said organic acid is an alkanoic acid, preferably
containing from 1 to 4 carbon atoms. In the most pre-
ferred embodiment of the method according to the inven-
tion, said alkanoic acid is formic acid or acetic acid.
In another preferred embodiment of the method according
to the invention, said buffer is selected from acetates,
citrates, and phosphates.

In another preferred embodiment of the method ac-
cording to the invention, said carrier substance is se-

lected from the group consisting of polysaccharides, pro-
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teins, lipids, and waxes, and derivatives thereof. It is
preferred that said carrier substance is a polysaccharide
or a derivative thereof, preferably of bacterial or plant
origin. It is particularly preferred that said polysac-
charide is selected from the group consisting of
starches, locust bean gum, guar gum, and xanthan gum. In
the most preferred embodiment of the method according to
the invention, said polysaccharide is starch.

In one preferred embodiment of the method according
to the invention, said composition comprises a compound
selected from other herbicidal compounds, complexing
agents, preservatives, plasticisers, detergents, and sof-
teners.

In a preferred embodiment of the method according to
the invention, said composition is an aqueous solution or
an agueous vapour. In another preferred embodiment of the
method according to the invention, said composition is
made from a concentrate or a wettable powder.

In one preferred embodiment of the method according
to the invention, said exposing comprises spraying said
plant surface, or part thereof, with said composition.

In a preferred embodiment of the method according to
the invention, said plant is a weed. In another preferred
embodiment of the method according to the invention, said
plant is a potato plant. In a more preferred embodiment
of the method according to the invention, said plant
parts are the stems, or parts thereof. In another more
preferred embodiment of the method according to the in-
vention, said plant surface is a plant foliage surface.

In yet another preferred embodiment of the method
according to the invention, said step of exposing said
plant surface to said composition constitutes a post-
emergent application of said composition.

The present invention also provides a herbicidal
composition as defined in the method(s) above.

The present invention also provides a novel use of

said composition for inhibition of plant growth.
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According to another aspect, the present invention
also provides a method of inhibiting or delaying sprout-
ing of tubers, comprising the step of exposing said tu-
bers to an environment or a composition comprising acetic
acid, said environment being capable of maintaining a pH
of less than about 5 at the tuber surface.

In a preferred embodiment of the method according to
the invention, said environment is a gas phase or a mist
comprising said acetic acid.

In one preferred embodiment of the method according
to the invention, said composition is an aqueous vapour
or an aerosol.

In a preferred embodiment of the method according to
the invention, said tubers are exposed to said composi-
tion by spraying or by maintaining the tubers in an at-
mosphere comprising the composition.

In a more preferred embodiment of the method accord-
ing to the invention, said tubers are potato tubers.

Furthermore, the present invention provides a method
for manufacturing of a sprout-inhibiting or sprout-
delaying composition for tubers, comprising the step of
incorporating into said composition an amount of acetic
acid, such that said composition, when administrated to
said tubers, is capable of maintaining a pH of less than
about 5 at the tuber surface.

The present invention also provides a novel use of
acetic acid in a sprout-inhibiting or sprout-delaying
composition for tubers, which composition, when adminis-
trated to said tubers, is capable of maintaining a pH of

less than about 5 at the tuber éurface.

Detailed description of the invention

The present invention provides a method and a compo-
sition that can be used for weed control. The terms
"weed" and "weeds" refer widely to any undesirable plant

growth, at any stage of a plant's life, from seed through
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any stage of a plant's development. Thus, a certain plant
may or may not be a weed depending on the particular lo-
cation and/or time point.

The term "weed control" refers to any killing, de-
stroying, inhibiting, retarding or preventing activity
directed to weeds. As mentioned above, direct weed con-
trol can be mechanical, physical, or chemical. ‘

According to the invention, a surface area of the
plant, or weed, is contacted with a composition contain-
ing a volatile pH-lowering compound and a carrier sub-
stance for the pH-lowering compound. As a result, the
plant is killed or strongly inhibited. Thus, the composi-
tion according to the invention is a herbicide.

The term "herbicide" refers to any chemical agent,
either organic or inorganic, capable of killing a plant
and/or destroying, inhibiting or retarding plant growth,
especially of weeds or other undesirable vegetation. The
term "herbicidal" refers to anything possessing this
property, including chemical agents as well as methods.

It is envisioned that killing of a treated plant may
be accomplished through a local lowering of the pH at the
plant surface and the surrounding area/volume. Even
though the exact mechanism of the inhibition is not
known, it may be speculated that the pH-lowering effect
has to be below the plant epidermis.

Lowering of the pH at, and beneath, the plant sur-
face is accomplished through the use of pH-lowering com-
pounds. The pH-lowering compound can pass the skin by
diffusion in an agqueous environment, or by gas diffusion
if the pH-lowering compound is volatile. Examples of pH-
lowering compounds include buffers and acids. Preferred
buffers are acetates, citrates, and phosphates. Weak ac-
ids are particularly preferred as pH-lowering compounds,
since they provide mild treating conditions.

The purpose of including the carrier substance in
the composition is that, upon vaporization of said compo-

gition, a coating is formed on the surface, or part
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thereof, of the plant. The coating is containing the pH-

lowering compound so as to impart a slow release dimen-
sion to the system. It is considered that there will be
an enrichment of the volatile pH-lowering compound in the
coating, and that the coating slowly is releasing the
volatile pH-lowering compound by gas diffusion, thus al-
lowing sufficient time for the volatile pH-lowering com-
pound to penetrate the plant.

In other words, it is envisioned that the coating
will provide a local environment resembling a gas phase
containing the volatile pH-lowering compound. The coating
is on the one hand considerably slowing down the gas dif-
fusion of the volatile pH-lowering compound to the sur-
rounding atmosphere, on the other hand driving the gas
diffusion of the same compound in the direction into the
plant.

Another advantage with the carrier substance is that
it fixes, or holds in position, the volatile pH-lowering
compound at the plant surface.

Thus, lowering of the pH at the plant surface is ac-
complished through administration of a composition con-
taining a pH-lowering compound and a carrier substance
capable of forming a coating, or a film, at the surface.

When a coating is formed on the plant surface, non-
volatile pH-lowering compounds can only diffuse through
the plant epidermis as long as the coating still contains
more water than the inner part of the plant, due to the
osmotic pressure. When the coating is dry, this transport
is inhibited since the osmotic pressure will act in the
opposite direction, driving water out of the plant.

In contrast, volatile pH-lowering compounds can dif-
fuse in vaporized condition through the epidermis and
reach the inside. This diffusion is independent of the
osmotic pressure and will continue until the gas pres-
sures are equal on both sides of the epidermis.

Thus, lowering of the pH is preferably effected by

the use of volatile pH-lowering compounds, such as inor-
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gahic or organic acids, buffers, or gases, which in con-
tact with water will generate an acidic environment, e.g.
CO2, S0,, S03 or nitrous gases.

The term "volatile compound" is herein meant to in-
clude compounds which are readily vaporisable at a rela-
tively low temperature, i.e. having a low boiling point,
or sublimation point, and a high vapour pressure at ambi-
ent pressures and temperatures. Thus, volatile compounds
are here meant to include all compounds having a higher
vapour pressure than 0.1 torr at 0-20°C. In terms of com-
parison, volatile compounds are here meant to include all
compounds being more volatile than, or equally volatile
as, butyric acid. (see CRC Handbook of Chemistry and
Physics, 54th Ed.).

It is preferred to use volatile pH-lowering com-
pounds, particularly organic acids, together with a car-
rier to ensure a slow release dimension into the system.
The organic acids and the carrier coating should prefera-
bly be used as a food or food additive, and registered as
such, and should be environmentally safe.

It is even more preferred to use weak volatile or-
ganic acids, especially alkanoic acids, e.g. formic, ace-
tic, propionic and butyric acid.

According to the invention, it is preferred that the
pHE-lowering is accomplished through the use of a composi-
tion containing at least 0.1% of a pH-lowering compound
by weight, based on the total weight of the composition,
preferably at least 1%, more preferably at least 3%, of
said pH-lowering compound by weight, based on the total
weight of the composition. The concentration can be var-
ied within wide limits depending on the character of the
pH-lowering compound, administration route (e.g. gas or
liguid), the number of administration events, etc.

The absolute amount of the pH-lowering compound and
its concentration in a composition according to the in-
vention may vary and should be selected to provide suffi-
cient killing of the weeds. A person skilled in the art
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may readily determine suitable amounts and concentra-
tions. The actual effective amount of the pH-lowering
compound may vary with the type and the amount of plants
to be treated, and environmental conditionsg, such as tem-
perature and humidity.

However, the amount of the pH-lowering compound and
its concentration in a composition are preferably such
that the pH at the plant surface is less than 5. More
particularly, the pH at the plant surface is preferably
brought to the range from about 1 to about 5, such as
from about 2 to about 5, or from about 2 to about 4.

The compogition according to the invention contains
a carrier substance. The terms "carrier" and "carrier
substance" are here meant to include any substance capa-
ble of carrying the above-mentioned pH-lowering compound.
It is preferred that the carrier is selected such as to
provide a controlled release of the pH-lowering compound.

The carrier substance is also capable of forming a
coating on the surface of a plant to which the composi-
tion ig applied. The term "coating" refers to any kind of
continuous layer over a surface. Thus, a coating, or a
film, could cover the entire plant as well as a particu-
lar spot or surface area on a plant. It is preferred that
the carrier is selected such that a coating is readily
formed on a treated surface upon exposure of the surface
to air, i.e. through vaporization of the solute, e.g. wa-
ter. The thickness of the coating or film thus formed is
preferably less than 250 um, more preferred less than 100
pum, even more preferred between 0.1 pum and 10 pm.

The carrier substance(s) is (are) preferably se-
lected from polysaccharides, proteins, lipids, and waxes,
and derivatives thereof. Examples of proteins that may be
used include, but are not limited to, gelatine, collagen,
and soybean protein. Examples of lipids that may be used
include plant lipids, e.g. rapeseed oil, coconut oil,
olive oil, and derivatives thereof. Examples of waxes

that may be used include synthetic waxes and natural
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waxes, including animal waxes, such as beeswax and lano-
lin, vegetable waxes, such as carnauba and candelila, as
well as mineral and petroleum waxes, such as montan and
paraffin.

It is particularly preferred that the carrier is a
polysaccharide or a derivative thereof. Among suitable
polysaccharides, the following groups can be mentioned:
hemicelluloses (e.g. arabinoxylans, glucomannans), plant
gums (e.g. guar gum, locust bean gum), cellulose and de-
rivatives thereof (e.g. ethyl celluloses, carboxymethyl
celluloses), starch and starch derivatives (e.g. hy-
droxyethyl starch), microbial polysaccharides (e.g. xan-
than gum, curdlan, pullulan, dextran), algal polysaccha-
rides (e.g. agar, carragenans, alginic acid), chitin, and
chitosan, and derivatives thereof. Polysaccharides are
preferably selected from plant polysaccharides and bacte-
rial polysaccharides, such as starches and guar gum, lo-
cust bean gum, and xanthan gum. Preferred polysaccharides
contain more than 10 monosaccharide units, preferably
more than 20 monosaccharide units, more preferably more
than 50 monosaccharide units.

The concentration of a particular polysaccharide
used in the composition may vary within broad limits. The
compositions may contain up to about 20% by weight of a
polysaccharide based on the weight of the solution. It is
preferred that the solution does not contain more than
about 8% by weight, preferably not more than 5% by weight
of the polysaccharide, and it is particularly preferred
to use a polysaccharide concentration in the order of 0.5
to 8% by weight, preferably around 5% by weight. The con-
centration can be varied depending on the character of
the polysaccharide, administration route, the number of
administration events, etc.

A preferred composition comprises 1-3% acetic acid
and 4-6% starch, preferably approximately 2% acetic acid
and approximately 5% starch.
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Thus, both the carrier concentration and the concen-
tration of the pH-lowering compound can be varied exten-
sively, as described above. Since the outcome depends on
their relative presence, it is preferred that the concen-
tration of carrier is selected with the concentration of
the pH-lowering compound in mind, and vice versa.

The viscosity of the applied composition may readily
be varied by adjustment of the concentrations of the con-
stituents. The viscosity has importance for the adherence
of the composition to the plant surface as well as the
thickness and other properties of the coating. A thicker
coating may maintain the acidic atmosphere for a longer
period of time and/or otherwise improve the acidic prop-
erties of the resulting coating. If the viscosity is in-
creased considerably, the composition may be adminis-
trated using high pressure devices.

Optionally, the composition may, in addition to the
volatile pH-lowering compound and the carrier substance,
contain a volatile medium, which is readily wvaporisable.
The purpose of the volatile medium is to provide an envi-
ronment in which the two other substances can be deliv-
ered or diluted. For example, the medium may be a sol-
vent. Preferred media are preferably acceptable as food
or food additives, and registered as such, and should be
environmentally safe and biodegradable. A particularly
preferred medium is water.

Thus, a preferred composition comprises a volatile
pH-lowering compound, such as formic acid or acetic acid,
a carrier substance, such as starch or a derivative
thereof, and a volatile medium, such as water. Upon ap-
plication to a plant surface, the medium is vaporized,
leaving a coating, or a film, formed by the carrier sub-
stance comprising sufficient amounts of the volatile pH-
lowering compound to cause a lowering of the pH, e.g. to
less than 5, at the plant surface.

The composition according to the present invention

optionally contains conventional additives, such as com-
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plexing agents, preservatives, plasticisgers, detergents,
etc. It is preferred to include detergents or other sur-
face-active agents in the composition according to the
invention. The amount thereof is preferably such that ad-
herence of the composition to the plant surface is fa-
cilitated. The specific amount is readily determined by a
person skilled in the art.

Compositions according to the invention may be for-
mulated as, or prepared from, solutions, suspensions,
emulsions, vapours, aerosols, spray mists, emulsifiable
concentrateg, flowable liquid concentratesg, or wettable
powders, which are readily diluted with water, other
suitable solvent or oll carrier. The compositions may
also be formulated in suspension concentrates, microemul-
sions, and the like.

Tt is preferred that the composition is an aqueous
gsolution. Thus, a water-soluble polysaccharide is pre-
ferred to use in such a solution. Aqueous solutions of
volatile organic acids, such as formic and acetic acid,
may be bound in polysaccharide, protein, or other carri-
ers and exert its herbicidal action(s) over long periods
of time through gas diffusion mechanisms.

Compositions according to the invention may be ap-
plied to the weeds in any conventional way, including
pre-emergence (application to soil before plant emer-
gence) or post-emergence (application to plant foliage).
It is particularly preferred to employ post-emergent ap-
plication, i.e. application to plant foliage or any plant
parts situated above the ground. However post-emergent
application is within the scope of the invention, it is
not favourable when it is raining.

The composition according to the invention is pref-
erably used as a herbicide, i.e. to kill plants and re-
tard or inhibit undesirable plant growth. The composition
according to the invention is advantagecusly used for de-
struction of vegetation before seeding in the practice of
reduced tillage or no tillage, or for destruction of an-
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nual grasses in preparation for seeding perennial grasses
in pasture grounds. Other uses include fire prevention,
elimination of vegetation which may inhibit infrastruc-
ture, destruction of plants that are hosts for insects
and plant diseases, as well as killing of poisonous or
allergen-bearing plants.

In particular, the composition according to the in-
vention is useful for clearing fields from undesirable
vegetation as a preparation for new crops. It is also
useful for clearing fields from undesirable vegetation as
a preparation for harvest, such as clearing potato plants
immediately prior to harvest of the potatoes.

Surprigingly, treatment of plants with the method
according to the present invention effectively kills them
using substantially lower amounts of the pH-lowering com-
pound compared to when using previously known composi-
tions. For example, this may mean acid concentrations
lower than 50%, particularly lower than 24%, more par-

ticularly lower than 12%, by weight.

According to another aspect, the present invention
provides a method and a novel use of a composition for
the inhibition of sprouting of tubers. The terms "sprout"
and "sprouting" refer to any new or young growth that
arises from the rhizome portion of a plant, i.e. all
kinds of formation of shoots, budsg, sprouts, and the
like.

According to the invention, the tubers, or at least
certain potential sprouting areas of the tubers, are ex-
posed to an environment capable of maintaining a pH of
less than about 5 at the tuber surface.

The expression "potential sprouting area" refers to
an area where new or young growth, i.e. shoots, buds,
sprouts, and the like, if any, is predestined to arise.
This new or young growth is often referred to as primary
growth. Primary growth is restricted to the youngest part
of the plant, the tips of roots and shoots, where the
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apical meristems are situated. On the stem, such a poten-
tial point of shooting is commonly situated at a node and
referred to as an axillary bud or a terminal bud. Many
plants, such as tubers, produce an underground lateral
stem, known as a rhizome, from which new shoots can
arise. The shoots, or sprouts, arise from nodes, or eyes,
situated at the rhizome.

The term "sprout-inhibiting" refers in general to
anything that inhibits, suppresses, prevents, arrests or
slows down the growth of any new or young growth, i.e.
shoots, buds, sprouts, and the like. Thus, the term
"sprout-inhibiting compound" refers to any compound pos-
sessing this property.

Lowering of the pH at the tuber surface, and beneath
the skin, may be accomplished through the use of pH-
lowering compounds. The pH-lowering compound can pass the
skin by diffusion in an aqueous environment, or by gas
diffusion if the pH-lowering compound is volatile. Exam-
ples of pH-lowering compounds include buffers and acids.
Preferred buffers are acetates, citrates, and phosphates.
Weak acids are particularly preferred as pH-lowering com-
pounds, since they provide mild treating conditions.

Thus, lowering of the pH at the tuber surface may be
accomplished through exposure of the tuber to a pH-
lowering atmosphere, preferably for a prolonged period of
time (hours or days). As an example, the tubers and a pH-
lowering compound in gaseous, liquid or solid phase can
be kept in a sealed container. Preferably, the pH is
regulated by the use of acetic acid in a suitable form
and concentration.

In the sprout-inhibiting or -delaying method accord-
ing to the invention, it is preferred that the tubers are
exposed to an environment capable of maintaining a pH of
less than about 5 at the tuber surface. Preferably, the
pH is maintained below 2,5, preferably below 2. Without
being limited thereto, the environment will not maintain
the pH below 1.
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Thus, lowering of the pH at the tuber surface is
preferably effected by the use of volatile pH-lowering
compounds, such as inorganic or organic acids, buffers,
or gases, which in contact with water will generate an
acidic environment, e.g. COz, S0, S0s; or nitrous gases.

According to the invention, it is preferred that the
pH-lowering at the tuber surface is accomplished through
the use of a composition containing at least 50% of a pH-
lowering compound by volume, based on the total volume of
the composition, preferably at least 75%, more preferably
at least 90%, of said pH-lowering compound by volume,
based on the total volume of the composition. The concen-
tration can be varied within wide limits depending on the
character of the pH-lowering compound, administration
route (e.g. gas or liquid), the number of administration
events, time of exposure to the composition, etc.

The absolute amount of the pH-lowering compound and
its concentration in a composition according to the in-
vention may vary and should be selected to provide suffi-
cient inhibition of tuber gprouting. A person skilled in
the art may readily determine suitable amounts and con-
centrations. The actual effective amount of the pH-
lowering compound may vary with the amount of tubers to
be treated, and environmental conditions, such as tem-
perature and humidity.

The sprout-inhibiting composition according to the
invention may contain a carrier substance, or matrix. Op-
tionally, the composition may contain a suitable buffer.

The sprout-inhibiting composition according to the
present invention optionally contains conventional addi-
tives, such as colouring agents, complexing agents, pre-
servatives, plasticisers, detergents, softeners, etc. It
is also possible to include anti-microbial agents and/or
anti-fungal agents in the composition.

It is preferred that the sprout-inhibiting composi-
tion is an aqueous solution of acetic acid. Sprout-

inhibiting compositions according to the invention may be
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applied to the tubers in any conventional way, including
spraying and exposing the tubers to a gaseous atmosphere
thereof.

The sprout-inhibiting composition according to the
invention is preferably used for the treatment of pota-
toes in storage. After a dormant period of 1-3 months af-
ter harvesting, potatoes are inclined to sprout even in
cold storage. The sprouting starts with cell divisions
below the "eyes", resulting in enzymatic breakdown of the
potato starch with formation of reducing sugars. The
mechanism initiating the sprouting is largely unknown.
Once a sprout has developed, the treatment according to
the present invention will not stop the further develop-
ment of the sprout.

Surprisingly, treatment of potatoes with the method
according to the present invention effectively stops the
sprouting of potatoes for prolonged periods of time. In-
hibition of sprouting can be maintained for at least up

to 6 months using the present invention.

In summary, the present invention provides a novel
composgition, and use thereof, for weed control. The com-
position comprises a volatile pH-lowering compound and a
carrier substance for said pH-lowering compound, and op-
tionally a volatile medium, such as water. The carrier
substance is selected such that it is capable of forming
a coating, or a film, on the surface of a plant, or plant
part, upon drying or vaporization of the composition. The
thus formed coating comprises the pH-lowering compound in
an amount sufficient to kill or inhibit the treated
plant. In the method according to the invention, a plant
surface is exposed to the composition according to the
invention.

According to another aspect, the present invention
moreover provides the use of a sprout-inhibiting composi-
tion for tubers. The composition comprises a pH-lowering

compound, preferably acetic acid, and optionally a car-



WO 03/024218 PCT/SE02/01644

10

15

20

25

30

19

rier substance for the pH-lowering compound. In the
method according to the invention, the tubers are exposed
to an environment capable of maintaining a pH of less
than about 5 at the tuber surface where it is inclined to

sprout, i.e. at the potential budding points.

The present invention will be further described be-

low by non-limiting examples.

Examples

Example 1

Aqueous solutions of 2% (w/v) maize starch contain-
ing various concentrations (12%, 6%, 3% and 1% (w/v)) of
acetic acid and 0.05% of a neutral detergent are pre-
pared. As a comparison, agueous solutions of acetic acid
in various concentrations and 0.05% of a neutral deter-
gent are prepared.

The solutions are sprayed on the upper side of
leaves of the following plant types: dandelion (Taraxacum
vulgare), goosefoot (Chenopodium album), quackgrass (Ag-
ropyron repens), and red clover (Trifolium pratense),
which are grown at 18°C. The plants are observed 4, 8,
24, and 48 hours following the administration of the so-
lutions.

The effects of the treatments are shown in Tables I-
IV. The effect is graded with the signs -, +, ++, and
+++, where - means that the leaves are unaffected, and

+++ meang that all leaves are dead.
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Table I. Effect on Taraxacum vulgare

Time following treatment

Composition of solution 4 h 8 h 24 h | 48 h
12% Acetic acid + RS T+ F
12% Acetic acid, 2% maize starch| ++ +++ +++ +++
6% Acetic acid - + ++ o+
6% Acetic acid, 2% maize starch + ++ +++ +++
3% Acetic acid - + + ++

3% Acetic acid, 2% maize starch + ++ +++ +4+
1% Acetic acid - - - +

1% Acetic acid, 2% maize starch + + +++ +++

Table II. Effect on Chenopodium album

Time following treatment

Composition of solution 4 h 8 h 24 h | 48 h
12% Acetic acid + ++ RRIIES RS
12% Acetic acid, 2% maize starch| ++ +4++ +++ +++
6% Acetic acid - + ++ b
6% Acetic acid, 2% maize starch + ++ +++ +++
3% Acetic acid - + + T+

3% Acetic acid, 2% mailze starch + +4++ +4+ +4+
1% Acetic acid - - - +

1% Acetic acid, 2% maize starch + ++ +++ +++

Table III. Effect on Agropyron repens

Time following treatment

Composition of solution 4 h 8 h {24 h | 48 h
12% Acetic acid + ++ +4+ F4+
12% Acetic acid, 2% maize starch| ++ +++ +4+ +++
6% Acetic acid - + ++ ++
6% Acetic acid, 2% maize starch + ++ F++ F++
3% Acetic acid - + + ++
3% Acetic acid, 2% maize starch + +++ e+ +++
1% Acetic acid - - - +
1% Acetic acid, 2% maize starch + ++ + 4+
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Table IV. Effect on Trifolium pratense

Time following treatment
Composition of solution 4 h 8 h (24 h |48 h
12% Acetic acid + ++ 4+ ERTRS
12% Acetic acid, 2% maize starch| ++ +++ +++ +++
6% Acetic acid - + o+ T+
6% Acetic acid, 2% maize starch + ++ +++ +H+
3% Acetic acid - + + +4
3% Acetic acid, 2% maize starch + +++ +++ +++
1% Acetic acid - - - +
1% Acetic acid, 2% maize starch + ++ ++ +++

It is apparent from the experimental results that,
for a given acid concentration, the compositions accord-
ing to the invention are more effective in terms of
speed, or killing time, and have an improved final out-
come, especially at lower acid concentrations. Moreover,
it can be seen that, after a given period of time, the
compositions according to the invention are more effec-
tive in terms of killing. This is particularly apparent

at lower acid concentrations.

Example 2

Aqueous solutions are prepared containing 5% (w/v)
potato starch and 6% and 10%, respectively, of acetic
acid. The solutions are administrated to different sec-
tions of a potato field. The following day, the vast ma-
jority of the treated plants are dead. The potatoes are

harvested employing traditional techniques.

Example 3

Agueous solutions of 1.5% (w/v) guar gum containing
various concentrations (1-6% (w/v)) of formic acid and
0.07% of a neutral detergent are prepared. As a compari-
son, aqueous solutions of formic acid in various concen-

trations and 0.07% of a neutral detergent are prepared.
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The solutiong are sprinkled on the leaves of the
following plant types: dandelion (Taraxacum vulgare),
goosefoot (Chenopodium album), quackgrass (Agropyron re-
pens), and red clover (Trifolium pratense), which are
grown at 18°C. The plants are observed 4, 8, 24, and 48
hours following the administration of the solutions.

The solutions containing guar gum are considerably
more effective in killing the treated plants than the so-
lutions with corresponding acid concentrations lacking

guar gum.

Example 4

Aqueous solutions are prepared containing 1% (w/v)
potato starch and 1%, 3%, and 5%, respectively, of acetic
acid. The solutions are administrated to various weeds
growing in a garden gravel path. The following day, the

weeds are dead. All tested solutions are effective.

Example 5

An aqueous solution is prepared containing 5% (w/v)
potato starch and 2% of acetic acid. The solution is ad-
ministrated to various weeds. The solution is herbi-

cidally active.

Example 6
1 kg of potatoes (Bintje) is treated with an aqueous

solution of acetic acid (10%) containing locust bean gum
(1%) . The treatment is made by spraying the potatoes (0.1
litre/m* ) using an airless spray at a pressure of 100
bars.

The potatoes are allowed to dry and are stored as
described above. No sprouting of the treated potatoes is

observed over a period of 6 months.
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Example 7

1 kg of potatoes (Bintije) is exposed to an atmos-
phere of gaseous acetic acid, whereby sprouting is pre-
vented.

Example 8
1 kg of potatoes (Bintje) is exposed to a mist of

acetic acid, whereby sprouting is prevented.

Example 9

A wide beaker containing 1 litre of agueous acetic
acid (50, 75, and 100% vol/vol, respectively) is placed
on the bottom of a plastic container with a volume of 25
litres. pH-paper strips are placed in the ceiling of the
container, and the container is sealed. An atmosphere of
acetic acid is generated in the container by allowing the
agueous acetic acid to evaporate into gaseous phase
within the container.

Following 4 h of exposure to this atmosphere, the
pH-paper strips are collected and visually inspected. All
three acetic acid concentrations tested generate a pH re-
sponse in the range of from 1 to 2, in the region closer
to 1.

Example 10

Samples consisting of 20 medium-sized potatoes
(Bintje), which have been stored at 8-12°C for two months
are subjected to various atmospheres of aqueous acetic
acid for different periods of time (1-5 days).

A wide beaker containing 1 litre of aqueous acetic
acid (0-100% vol/vol) is placed on the bottom of a plas-
tic container with a volume of 25 litres. The container
is sealed, and an atmosphere of acetic acid is generated
by allowing the aqueous acetic acid to evaporate into
gaseous phase for 24 h within the container.

Following generation of this atmosphere, a basket

containing the potatoes is introduced to the container,
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and the container is resealed for a period of time (1-5
days). The baskets contain sufficient air holes to allow
the potatoes to be exposed to the gaseous acetic acid en-
vironment.

5 Following this treatment, the baskets are removed
from the containers, and the potatoes are stored in the
dark at 8°C. After one month, the potatoes are visually
inspected for sprouts. The results are shown in Table V.

Table V. Effect on Bintje potatoes

Composition Treatment % sprouting potatoes
% acetic acid time after 1 month
(vol/vol) in water (days)
0 1 100
0 2 100
0 3 100
0 4 100
0 5 100
50 1 90
50 2 75
50 3 50
50 4 25
50 5 0
75 1 75
75 2 25
75 3 0
75 4 0
75 5 0
100 1 0
100 2 0
100 3 0
100 4 0
100 5 0

10
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CLAIMS

1. A method of killing a plant or retarding its
growth, comprising the step of exposing the surface, or
part thereof, of said plant to a composition comprising a
volatile pH-lowering compound and a carrier substance for
said pH-lowering compound, said carrier substance being
capable of forming on the surface, or part thereof, of
said plant a coating containing said pH-lowering compound
upon vaporization of at least part of said composition.

2. A method according to claim 1, wherein said com-
position further comprises a volatile medium, such as wa-
ter.

3. A method according to claim 1 or 2, wherein said
composition is capable of maintaining a pH of less than
about 5 at the plant surface.

4. A method according to claim 3, wherein said pH is
within the range from about 1 to about 5, such as from
about 2 to about 4.

5. A method according to any one of the preceding
claims, wherein said pH-lowering compound is a buffer or
an acid.

6. A method according to claim 5, wherein said acid
is a weak acid.

7. A method according to claim 6, wherein said weak
acid is an organic acid.

8. A method according to claim 7, wherein said or-
ganic acid is an alkanoic acid.

9. A method according to claim 8, wherein said alka-
noic acid contains from 1 to 4 carbon atoms.

10. A method according to claim 9, wherein said al-
kanoic acid is formic acid or acetic acid.

11. A method according to claim 5, wherein said buf-
fer is selected from acetates, citrates, and phosphates.

12. A method according to any one of the preceding

claimeg, wherein said carrier substance is selected from
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the group consisting of polysaccharides, proteins, lip-
ids, and waxesg, and derivatives thereof.

13. A method according to claim 12, wherein said
carrier sgubstance is a polysaccharide or a derivative
thereof.

14. A method according to claim 13, wherein said
polysaccharide is of bacterial or plant origin.

15. A method according to claim 14, wherein said
polysaccharide is selected from the group consisting of
starches, locust bean gum, guar gum, and xanthan gum.

16. A method according to claim 15, wherein said
polysaccharide is starch.

17. A method according to any one of the preceding
claims, wherein said composition comprises a compound se-
lected from other herbicidal compounds, complexing
agents, preservatives, plasticisers, detergents, and sof-
teners.

18. A method according to any one of the preceding
claims, wherein said composition is an aqueous solution
or an agueous Vvapour.

19. A method according to any one of claims 1 to 17,
wherein said composition is made from a concentrate or a
wettable powder.

20. A method according to any one of claims 1 to 17,
wherein said exposing comprises spraying said plant sur-
face, or part thereof, with said composition.

21. A method according to any one of claims 1-20,
wherein said plant is a weed.

22. A method according to any one of claims 1-20,
wherein said plant is a potato plant.

23. A method according to claims 21 or 22, wherein
said plant parts are the stems, or partsg thereof.

24. A method according to any one of claims 1-20,
wherein said plant surface is a plant foliage surface.

25. A method according to any one of claims 1-24,
wherein said step of exposing said plant surface to said
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composition constitutes a post-emergent application of
said composition.

26. A herbicidal compogition as defined in any one
of claims 1 to 19.

27. Use of a composition according to claim 26 for
inhibition of plant growth.

28. A method of inhibiting or delaying sprouting of
tubers, comprising the step of exposing said tubers to an
environment or a composition comprising acetic acid, said
environment being capable of maintaining a pH of less
than about 5 at the tuber surface.

29. A method according to claim 28, wherein said en-
vironment is a gas phase comprising said acetic acid.

30. A method according to claim 28, wherein said en-
vironment is a mist comprising said acetic acid.

31. A method according to claim 28, wherein said
composition is an agueous vapour or an aerosol.

32. A method according to any one of claims 28 to
31, wherein said tubers are exposed to said composition
by spraying.

33. A method according to any one of claims 28 to
31, wherein said tubers are exposed to said composition
by maintaining the tubers in an atmosphere comprising the
composition.

34. A method according to any one of claims 28 to
33, wherein said tubers are potato tubers.

35. A method for manufacturing of a sprout-inhibi-
ting or sprout-delaying composition for tubers, compris-
ing the step of incorporating into said composition an
amount of acetic acid, such that said composition, when
administrated to said tubers, is capable of maintaining a
PH of less than about 5 at the tuber surface.

36. Use of acetic acid in a sprout-inhibiting or
sprout-delaying composition for tubers, which composi-
tion, when administrated to said tubers, is capable of
maintaining a pH of less than about 5 at the tuber sur-
face.
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