MtHCO,

METHYL CARBONATE BARRIER

TECHNOLOGY

GREEN CHEMISTRY TECHNOLOGY FUNGICIDE FOR THE CONTROL ~ § === o
OF VARIOUS DISEASES ON CROPS -- e .

Vacres (EPA Reg. no. 94201-1) is an advanced green chemistry
technology fungicide with both fungicidal and fungistatic properties
that make it highly effective as a contact fungicide with great curative
properties of established infections.

The Vacres formulation contains a combination of metallic bicarbonate, humectants, and wetting agents. Vacres acts by making contact
with fungal pathogens in an aqueous solution and inhibits the development of fungal mycelia and spores.

The compounds in Vacres are effective in controlling target diseases and have long and stable residues on plants and fruit. Vacres boasts
a 0-day pre-harvest interval as these residues contain a food-grade active ingredient (GRAS active ingredient). The half-life of Vacres
depends on various environmental conditions however, without wash-off (via heavy rain) the active ingredient will have almost 25 days
of activity on the crop.

We are committed to providing the agricultural industry with sustainable and greener chemistries that reduce residues and are more
environmentally safe. Extensive research and development including various interval sprays, stand-alone, in combination with various
pesticides in Integrated Management Programs (IPM) has been conducted to formalize the best viable alternative to replace older and
traditional hard chemistries in the market.

HOW IT WORKS:

Vacres uses numerous mechanisms to control disease. It is an effective dehydrating

and pH correcting active ingredient that acts as a fungicide to control fungal diseases.

Figure 1: Dehydration of the fungal spore by Vacres

MODES OF ACTION

Vacres works in a number of ways to control diseases:
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The basic unit of all fungi is the cell, a structure that, for the most !

part, is similar to all other animal and plant cells. The membrane ;
surrounding cells is complex, which is important because it allows for ® N ) : @ @
the passive transfer of water but not dissolved substances (for o [ @

example, salt molecules). This selective diffusion process is called L ® | ®
osmosis, and cells must be wet to survive. When highly dissolved ® 1

molecules are placed into a less concentrated environment, fluid !

tends to diffuse across the semi-permeable membrane until osmotic o ! ® @
equilibrium is met, whereby the internal and external concentrations ® ® o : @ @ @
balance out. On the other hand, when the environment has more ° \ @ @ ®
dissolved molecules than the cell, water diffuses out of the cell. o :

Figure 2 shows the process of water with a high water potential (low L :

osmotic pressure) moving across a semi-permeable membrane to Semi-permeasle membrane

low water potential (high osmotic pressure). Figure 2: Osmosis - The spontaneous passage or diffusion of
water or other solvents through a semipermeable membrane.

After application, the initial high concentration of Vacres causes a
dramatic reduction of fungal cell pressure, called Turgor pressure. This
pressure collapses and shrinks the hyphae and spores, leading to the
immediate death of the fungus (Fig.3). For prolonged infection and
colonization of plant tissue, fungal pathogens need to be actively
growing and expanding their mycelial network. Under favourable
environmental conditions, fungal spores germinate and form hyphae.
During this process, the spore absorbs water through its wall, the
cytoplasm becomes activated, nuclear division takes place, and more
cytoplasm is synthesized. The wall initially grows as a spherical
structure. Once polarity is established, a hyphal apex forms, and from
the wall of the spore, a germ tube bulges out, enveloped by a wall of its
own that is formed as the germ tube grows.

Figure 3: Dehydrating effect of Vacres
on powdery mildew mycelia
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The growth of hyphae in most fungi occurs almost P ——
exclusively in the apical zone (i.e. at the very tip) (Fig. 4). - * e s
This is the region where the cell wall extends continuously — TN e s
to produce a long hyphal tube. The cytoplasm within the > - e (@) i
apical zone is filled with numerous vesicles. For these wall - . @' : . . . .
vesicles to reach the cell wall to be incorporated, 2 Dot wumiesicis @)
cytoplasmic movement is critical. Cytoplasmic movement STREK GEAKTIVEERD
depends on a potential osmotic gradient within the hyphal
cell to create pressure that pushes the cytoplasm toward .
the apical zone (Fig. 5b). (N R A ‘ e
TURGOR
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Figure 4: Apical Zone
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With the influx of water into the hyphae due to the osmotic gradient, the wall vesicles are pushed against the cell wall and is incorporated. The
cytoplastic movement causes turgor pressure against the cell wall, and the hyphae expand (Fig. 5a and b). After Vacres’s application, the osmotic
pressure on the outside of the hyphae is greater than the osmotic gradient the hyphae can produce within itself. This leads to a reduction in the
movement to no movement of the cytoplasm that, in effect, stops all hyphal growth and spore germination (Fig. 5a to c).

The environmental and internal pH levels affect several critical structures and functions in fungi. Tight control of cytosolic and organelle pH is
critical for viability in all eukaryotic cells, including fungi. Fungi and fungal pathogens prefer mostly in acidic environments (pH levels under 6), and
most fungi will create a lower pH environment by producing organic acids. Protein conformation is extremely sensitive to pH. Most enzymes have
an optimum pH range for activity and this property is exploited to provide pH-dependent, organelle-specific activity regulation. The pH gradient
across the inner mitochondrial membrane drives ATP synthesis, and pH gradients across membranes can drive nutrient import coupled with the
transport of ions and other solutes. At high pH levels (alkaline conditions), proteins and enzymes are denatured, lipids (fats, oils, and hormones)
are hydrolyzed, and bonds that hold the genetic material (DNA) together tend to dissociate. As long as the pH of the mixture is 7 and above, the
reaction will be at 100%. The pH-dependent fungistatic effect will become less intense and the effect will be reduced slightly as the pH drops.
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Figure 5: Expansion of apical zone of a fungal hypha (a) passive hypha, (b) due to an osmotic gradient which causes water influx and cytoplasmic movement and hyphal
expansion to occur, (c) due to higher osmotic pressure on the outside of the hypha there is an outflow of water from within the hypha and hyphal growth is inhibited.
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Plant surfaces, including leaves and fruit, are covered by extra cuticular wax made from long-chain
hydrophobic waxes (Fig 7). The composition of the waxes includes aldehydes, alkenes, fatty acids, and
primary alcohols. These fatty acids are essential in creating a protective barrier for pathogens with

Vacres. A boundary layer of exposed methyl groups is found at the surface-to-air interface of the fatty
L ) . . . METHYL CARBONATE BARRIER
acids in the wax. These exposed methyl groups can combine with the bicarbonate in Vacres to form

methyl carbonate side chains (Fig 6). This process occurs on the interface of the wax layer as soon as TECHNOLOGY

Vacres is applied onto the leaf or fruit surfaces, and a complete reaction will occur within 12 hours after

application. These side changes lead to the surface interface layer being more hydrophobic. They can

have an inherent negative polarity with the dissociation of hydrogen atoms from these side chains as it becomes part of the hydrophobic wax.
This leads to the formation of a protective barrier against fungal spores that are usually hydrophobic and negatively charged particles. This
results in electrostatic repulsion of the fungal spore from the wax surface layer, causing the fungal spore not to be able to attach to the plant
surface and germinate. Without this spore attachment and subsequent germination, infection of the pathogen is not successful, and the plant
escapes the disease even when environmental conditions are favourable for disease infection. Another benefit of this methyl carbonate barrier
formation is that the potassium portion of the potassium bicarbonate becomes available to the plant as a fertilizer, increasing fruit quality.

Figure 6: Reaction of Potassium

Bicarbonate with methyl groups at the ‘ -4 —0
surface-air boundary layer to fatty acids

in cuticle waxes
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Figure 7: Cuticle wax composition in fruit.

(a.) Electron-microscope photo of cuticle waxes on fruit

(b.) Graphic representation of fatty acids found in cuticle waxes

(c.) Graphic representation of a fatty acid with free methyl groups attached.

HUMECTANT AND FORMULATION ADVANTAGES

Vacres’s formulation contains innovative humectants, wetters and spreaders built into the formulation to optimize efficacy. Humectant
molecules have an affinity to water, and these special molecules change the vapour dynamic of a drying water droplet by attracting water
out of the atmosphere. The attraction of water from the atmosphere prevents rapid drying under high heat and low humidity conditions.
Humectancy is an important characteristic, as it allows a more even droplet drying pattern on the leaf surface by manipulating the flow
pattern in the drying droplet. Wetting and spreading water droplets containing surfactants has reduced the surface tension, allowing the
water droplets to spread and increase the surface coverage of the targeted crop. The wetting and spreading effect in Vacres is achieved
to optimize the efficacy of specialty surfactants to ensure coverage and provide maximum protection against diseases.

(A) ‘(B)O (@]

Figure 8: The effect that humectants have on the droplet’s drying pattern. (A.) Slow drying time: Results in a crystal concentration mass in
the middle of the droplet. (B.) Rapid drying time: Results in crystal formation on the outer diameter of the droplet. (C.) Ideal drying time:
Leaves an even and homogenous layer over the entire droplet’s surface.
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