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The present Invention relates to a method of
protecting plants against frost.

To protect plants against the danger of frost
it has already heen proposed to smear or spread
upen the planis foams of aqueous liquids or of
solutions of salts which reduce the freezing point
or develop heat during crystallizing out. These
foams consist, as far as their volume is concerned,
largely of air, The liquid wall between the in-
dividual air bubbles is thin in proportion to the
diameter of the air bubble. According to the
magnitude the volume of air is 10-25 times as
large as that of the liquld in these foams. With
8 proportion of 10 only an average wall thickness
of the cells of ahout 0,01 to 0,02 mm is caleulated
for a foam %he individual cells ¢of which have a
diameter of about 1 mm. At points where the
walls of two or rmore cells touch each other, 1. e.
at the edges and corners, accumulations of llquid
are formed, whereas towards the middle the foam
folls become colloidally thin. This is obtalned
by the fact that in the liquid, I, e. the water, a
foam former or producer is solved which re-
duces the surface tension of the liquid and there-
by allows the formatlon of liquid films of such
small wall thicknesses. If the outside ternpera-
ture reaches the freezing point, the outermost
layer of the foam enveloping the plants first
solldiftes. This freezing process very slowly pro-

ceeds to the plant itself. A firmly eoherent coat- :

ing, however, is not formed. It has been shown,
moreover, that the foam solldifies in the state of
snow. This snow Is flner, i. e. of smaller crys-
tals, than ordinary snow. As is well known snow
nelther forms a hindrance for the breathing nor
for the other processes of the plant. It Is re-
markable thet on rethawing the foem assumes
again Its original state.

In practically carrying out the method accord-
ing to the invention it has been found that in
some ceses a success is obtained, whereas in an
Inexplicable manner this method often failed,
particularly in connectlon with plants which are
highly sensitive against frost.

Now, the main object of the present invention
is to obtain in all cases g positive suceess with
such foams. This I8 obtalned by using foams the
freezlng point of which lies as near as possible
to 0° C.

If for instance a plant enveloped with a foam
was subjected to an outslde temperature of —10°
C, It took 1-2 hours until the temperature of the
foam sunk to the freezing point. The tempera-
ture remalned for & further 1-2 hours at the
freezing point until then it slowly sunk further,
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The damages caused by frost mainly are due
to the fact that the liquids in the tissue of the
plants, mostly consisting of water, freeze and the
ice formed thereby prevents the clrculation of
the juice and, moreover, tears the tissue by its
expansion, Now, these liquids do not consist of
pure water, but of agueous solutions the freezing
point of which lies lower than that of pure water,
1. e. lower than 0° C. A portion of these liquids,
representing less concentrated rmolecular solu-
tlons, has a freezing polnt which lles a little
helow 0° C. If the temperature Is below this
freezing point these liquids freeze to ice. If other
liquids still maintain their lquid state such par-
tial ice formation is already sufficlent {o injure
or even kill the plant. Whereas, therefore, a
temperature of 0° C cannot yet he harmful to
the plant, the freezing of some liquids soon starts
on sinking of the temperature. At a tempera-
ture below —1° for instance such a large portion
of the lquid is frozen already that the plant Is
serlously injured or killed.

This prooves that the protecting effect of a
foam is no longer present if the freezing point
of the foam lies below the critical temperature of
the plants t{o be protected. If first of all during
sinking ¢f the temperature of the foam to the
freezing point, a certain protecting effect Is ob-
tained, just the further protecting effect of the
frozen foam is rendered illusory, if Indeed the
plants are protected against further sinking of
the temperature by the frozen foam, are, how-
ever, already In a harmful range of temperature.

Very small differences are hereby a matter of
consequence and, therefore, it is within the es-
sence of the present invention that the freezing
temperature of the foam forming liquid les as
near as possible the freezing point of pure water.

On the basls of this knowledge It has been
proved to be wrong to add any salts to the liquid.
As Is well known each kind of additional of sol-
uble substances causes a depression of the freez-
ing point. By the heat abstraction under partial
crystallisation according to the French patent
840,346, the freezing point is more slowly reached
indeed, but this freezing point Illes at a tempera-
ture of below —1° o —3°, so that then the plants
to be protected are already within the dangerous
range.

In practice the waters available for the foam
formation must be known in respect to this. It
is only necessary to have the freezing point tested
at a sultable point of time to know which water Is
to be used for the formation of the foam In the
moment of danger by frost.
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It has been found that water may be rendered
sultable for this method also by chemically elilm-
Inating therefrom solved substances. This purl-
fication also may be obtalned by freezing out, or
distillation and condensation.

Ordinary snow- or rain-water is particularly
suitable for this method. If such water ls avail-
able in cisterns or collecting tankg it 1s the best
water to be used for this purpose. Relatively
small quantities of water are required. The foam
has & volume of 15-20 times. By adding rain- or
snow-water to other water the solved substances
may be diluted so far that the freezing point will
not be too far, below 0° C.

For the production of foam in large quantities
the well known apparatus, serving for fire ex-
tinguishing by foam, are sufficlent. For smaller
quantities of foam more simple stirring appa-
ratus, fiiter tubes and so on may be used.

Saponine and the varlous other well known

substances may serve as focam formers or pro-
ducers which, when added In small ainounts to
the water, effect the fcaming. In this case also
care Is to be taken, that the content; of foam
formers or producers are so0 chosen as to add as
little as possible in depressing the freezing polint,

Example

Three groups of 10 azaleae covered with foam
were subjected to a temperature of —10° C. In
group 1 each plant was enveloped by foam con-
slsting of raln-water contalning 0.5% of sapo-
nine. In group 2 each plant was enveloped by a
foam consisting of tap-water contalnirg 0.5% of

gaponine. In group 3 each plant was enveloped :

by a foam conslsting of well-water contalning
0.5% of saponine. The rain-water, the tap-wa-
ter and the well-water each containing 0.5% of
saponine had freezing points of —0.2°,—0.5° and
1.5° C respectlvely. In the moment the three
foams were applied to the plants they had a
temperature of 12° C. Then it tock zbout one
hour until the foams enveleping the individual
plants reached the freezing point measured at
the plant. On this freezing polnt the foams were
maintained for about 2 hours, whereby the foams
gradually solidifled to a coherent saow. Then
- the plants were brought Into a room again hav-
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Ing a temperature of several degrees sbove the
treezing point. It was founhd that afier thawing
and removing of the foam no alteration was to
be ascertalned with the first group of plants. The
plants of group 2 were partlally attacked, but soon
recovered, All plants of group 2 were attacked,
Four plants were killed by the frost.

It was found, moreover, that the heat protect-
ing effect of the foam might considerably be In-
creased If oils or fats of mineral, vegetable or
animal orlgin were intreduced tnto the foam in
the form of small drops. For these purposes it
is necessary that in the moment of the foam for-
mation the oll or fat is emulsified In the water
to be formed to foam which also still containg the
foam former, for Instance 0.5% of saponine. This
may preferably be eflected by combining the dis-
perston of the air in the water by pressing in the
air by way of porous walls stirring or other well
known methods with the emulsification of the
oil. As far as the olls and fats are concerned
the condltion is to be fulfilled that they contaln
no water soluble constitutents which may cause
a depression of the freezing point. In a rather
simple manner this may be effected by previously
stirring with water the oll to be used, whereby
the soluble constituents pass into the water, Only
if 1t is absolutely sure that no soluble substances
in the oil depressing the freezing point are in-
treduced into the water to be foamed, the for-
mation of the foam may take place, ‘

Bo for Instance an acid containing parafine oil
was introduced Into a foam in the manner de-
scribed above. 50 gr of parafiine oll were strong-
ly stirred with 1 lter of raln-water containing 5
gr of saponine serving as foam former, A solid
focam with embedded drops was formed having a
freezing polnt of 0.8° C. If the parafiine oll was
suficlently freed from the acld by previously
treating the ¢il with water, the freezing point
of the foam still was 0.2° C. 'Tests carried out
with azaleae in the manner deseribed above
proved that, when using the first mentioned foam,
some of the plants were damaged or lnjured, and
that, when using the last mentioned foam, the
piants after treatment were fresher than after
treating with water containing no parafiine.
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