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Description

Technical Field

[0001] The present invention relates to a formulation
which acts as ecological disinfectant and as nematicide
against pathogens in agricultural soils. This document
describes its composition based on plant extracts, the
production method and the application mode in soil in-
fected by pathogenic microorganisms and/or nema-
todes.

Background Art

[0002] Infections in agricultural soils are a very impor-
tant problem for farmers because it limits and reduces
the production, while decreasing the quality of crops. In
order to minimize infections in the soil, chemically syn-
thesized disinfectants have been typically used, but usu-
ally they generate waste that remain in the soil for years
and they can move to the crops. To this fact it must be
added the important toxicological risks due to its han-
dling. Alternatively, many plant extracts have been stud-
ied as a viable option to replace synthetic disinfectants,
as these natural extracts have low or no toxicity and low
environmental persistence. Secondary metabolites with
antimicrobial activity which may be present in the plant
extracts, belong mainly to the families of terpenoids, phe-
nolic compounds, phenylpropanoids, stilbenes, alkaloids
and saponins. These secondary metabolites have the
advantage of being rapidly degraded in the soil, usually
do not have a toxic effect on mammals and they can be
used in organic farming systems.
[0003] Among these extracts, compound obtained
from plants of the genus Capsicum have been studied,
and they have been shown to exhibit antifungal, antimi-
crobial and slightly nematicidal effects (Cer: n-Carrillo et
al, 2014; Moreno-Lemon et al, 2012; Santos-Neves et
al., 2009). Analyses of these extracts indicated that the
most important components thereof belong to the family
of the capsaicinoid, like capsaicin, capsaicidine, capsi-
dol, the capsianosides and capsicodendrin. These com-
pounds present antibacterial and fungicides properties,
among other effects.
[0004] Antimicrobial action mechanisms of the capsa-
icinoids begin causing osmotic stress and damage to the
structure of the plasma membrane. Of all the compounds
found in extracts of plants of the genus Capsicum, the
most important is capsaicin, which is an amide obtained
from vanillylamide. Capsaicin establishes poorly specific
interaction with lipids, aligning its alkyl chain with the acyl
chains of the phospholipids, while the hydroxyl groups
and the amide of the capsaicin are oriented towards the
water surface. This location on the surface of the phos-
pholipid membrane allows that the polar part of capsaicin
can form hydrogen bonds with the polar head of phos-
pholipid, thus affecting the packaging of lipids and mod-
ifying their thermotropic properties.

[0005] Despite the proven anti-fungal and slightly
nematicides properties of the Capsicum extract, its action
is not sufficient to disinfect agricultural soils with a medi-
um and high infection level, so it should be combined
with other plant extracts that present synergy effects with
the aim of potentiate their action.
[0006] Marigold extract can be used as a nematicide,
but also it is an important natural source of carotenoids,
natural fat-soluble pigments synthesized by plants, algae
and photosynthetic bacteria (E modi, 1978). Chemically,
carotenoids are liposoluble tetraterpenes originated from
the condensation of isoprenyl units, which give rise to a
series of conjugated double bonds forming a chromo-
phoric system. Due to its unsaturation, these compounds
are sensitive to oxygen, metals, acids, peroxides, heat,
light and lipoxygenase (Bego’a etal., 2001). Carotenoids
have important antioxidant properties that have been
demonstrated in numerous studies (CarrancoJ auregui
et al, 2011; Stahl and S ies, 2003) and also, they protect
plants against abiotic stress, as well as being involved in
the photoprotection of them (Cazonnelli, 2011).
[0007] Garlic extract (Allium sativum L.) is widely used
as a repellent and insecticide, but it also has fungicidal
properties (S ealy et al., 2007) and nematicide effects
(Gupta and Sharma, 1991; Nath et al, 1982; Stop and
Guzman, 1997). These activities are possible because
garlic extract contains significant amounts of sulphurous
bioactive substances with antifungal, antibacterial and
nematicides properties like allicin, and other allyl sulfides
like diallyl disulfide or diallyl trisulfide, among others; and
dithiins like 3-vinyl-[4H]-1,2-dithiin or 2-vinyl-[4H]-1,3-
dithiin. In addition, garlic extract is composed of sub-
stances of the families of phenols, flavonoids and proan-
thocyanidins, all of them with important antioxidant ac-
tivity (Otunola and Afolayan, 2013, Rady and Seif El-
Yazal, 2014). These antioxidants reduce levels of free
radicals and inhibit their subsequent generation, which
prevent cell aging. In plant organisms, all these antioxi-
dant compounds help plants to develop their own natural
defence, making them stronger against external attacks.
Due to its chemical composition, garlic extract could re-
inforce the action of the Capsicum extract in the formu-
lation of a soil disinfectant.
[0008] Although the fungicidal and/or nematicide prop-
erties of these two extracts separately are known and
they are being individually implemented in some agricul-
tural formulations, the present invention relates to a mix-
ture thereof to potentiate separately the effect of the ex-
tracts, taking advantage of the bioactive compounds of
each extract that would be interesting in each case. It
has been found that these extracts show synergy effects
between them, so a mixture thereof potentiates the action
that would have individually applied to low application
rate per hectare.
[0009] With the mixture, a formulation with strong an-
tifungal and antimicrobial effect by the presence of cap-
saicinoids from Capsicum extract would be achieved.
Furthermore, a nematicide effect would be obtained us-
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ing Marigold extract, which provides parallel antioxidant
capacity of carotenoids and a protection effect of plants
against abiotic stress. Finally, the nematicide and fungi-
cide effect is reinforced by the bioactive sulphur sub-
stances from garlic extract, which also would be contrib-
uting phenolic compounds with antioxidant activity.

Summary of invention

[0010] Formulation object of this invention would be a
mixture of plant extracts (Capsicum extract, Marigold ex-
tract and/or garlic extract), which acts against pathogens
and/or nematicide as an ecological disinfectant for agri-
cultural soils.
[0011] Knowing the action mechanisms of all plant ex-
tracts mentioned so far, the formulation of a soil disin-
fectant and nematicide as a mixture of at least two of said
extracts is proposed.

- Capsicum Extract, ata maximum concentration of
95% by weight of the total.
- Marigold extract, at a maximum concentration of
95% by weight of the total.
- Garlic extract, at a maximum concentration of 95%
by weight of the total.

[0012] The percentage in which each extract is added
to the final formulation will depend on the effect that we
want to achieve, thereby enhancing the properties of the
extract (or extracts of interest in each case.
[0013] The physical mixture of the components of the
formulation is carried out, and it is completed with the
appropriate technological coadjuvants with the aim that-
the formulation has the best features for managing and
it complies with the proposed objective.
[0014] The final product is an organic formulation with
an important fungicide and nematicide effect, used as a
disinfectant for agricultural soil. It is not selective nor as
fungicide even as nematicide, so it acts against some
types of pathogenic fungus and against any species of
nematodes. It also has some ability to prevent germina-
tion of weeds, resulting in a fungicidal, bactericide, nema-
ticide and pre-emergence herbicide effect for agricultural
soils.
[0015] This formulation provides new technical ad-
vances over traditional disinfectants (DD, metam sodi-
um, metam potassium, etc.), that allow to reach the same
efficiency level and it solves problems in agricultural soils
using more sustainable solutions.
[0016] After numerous agronomic researches a bout
the functioning of disinfectant and nematicide object of
the present invention, it has been found that the most
important aspect to get the best results is the application
mode and the soil management throughout the treatment
process. How to apply the formulation depends on the
desired objective. Due to agronomic studies carried out,
two operation modes have been defined: function as a
disinfectant for killing pathogens, and function as nema-

ticide.
[0017] All this in accordance with the claims accompa-
nying the present descriptive report and are incorporated
herein by reference. Preferred embodiments of the in-
vention are indicated in the dependent claims which also
are incorporated herein by reference thereto.
[0018] Throughout the description and claims the word
"comprise" and its variations are not intended to exclude
other technical features, additives, components or steps.
Forthose skilled in the art, otherobjects, advantages and
features of the invention will arise partly from the descrip-
tion and partly from practice of the invention. The follow-
ing examples and drawings are provided by way of illus-
tration and are not intended to restrict the present inven-
tion. Furthermore, the present invention covers all pos-
sible combinations of preferred embodiments set forth
herein.

Brief description of drawings

[0019] Below goes on to describe very briefly a series
of drawings which aid in better understanding the inven-
tion and which are expressly related to an embodiment
of said invention presented as a non-limiting example
thereof.

Figure 1. Nematodes population level (%) for 14 days
after application of the disinfectant and nematicide
formulation.
Figure 2. Garlic production (%) depending on its siz-
es, in the control area and the area treated with dis-
infectant and nematicide formulation.

Description of embodiments

[0020] Use of extracts as disinfectants for removing
soil pathogens.
[0021] In this case, the application dose of the prefer-
ential formulation was between 10 and 30 litres per hec-
tare, according the required needs by the infection level
of the soil and the soil characteristics where it will be
applied.
[0022] The application mode of the disinfectant object
of the present invention must follow these guidelines.
First, a tillage of the soil must be done to achieve ade-
quate aeration and proper soil texture, with the aim to
facilitate a subsequently reactivity and diffusion of the
active compounds formed. The action mode of the active
substances contained in the formulation is primarily by
contact, so it is necessary to facilitate maximum contact
between disinfectant and pathogenic microorganisms.
[0023] Then, the soil should be irrigated to achieve a
level of moisture that reaches the maximum field capac-
ity, as water will be the carrier for the disinfectant diffu-
sion. The effectiveness will be conditioned by the ability
of the soil to keep the applied formulation if possible and
to take place the contact between substances applied
and pathogens. In this sense, it is necessary to consider
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the soil structure for proper irrigation.
[0024] In very compacted soils, irrigation time should
be increased to achieve correct water penetration and
reach the proper humidity level and at the proper depth.
In sandy soils that have no retention capacity it is also
necessary to increase the irrigation time to reach the de-
sirable capacity field without causing the disinfectant
washing. Also, the holding capacity of these soils may
be improved with appropriate products, as a contribution
of organic matter through the irrigation system, either in
solid or liquid composition.
[0025] Preferably, formulation must be applied through
irrigation, spraying or micro-sprinkler irrigation. Devices
that allow droplet sizes as small as possible and maxi-
mum coverage must be used, so that the greater diffusion
must be obtained.
[0026] Once the disinfectant object of the present in-
vention has been applied to the soil surface, it is prefer-
able to perform a new irrigation to enhance the penetra-
tion and diffusion of the product into the soil.
[0027] It is necessary to wait a period of at least 10
days before planting any crop with the aim that the fun-
gicidal effect is completed. Disinfection with this formu-
lation can be performed prior to implantation of any type
of crop.
[0028] Fungicidal action of the formulation object of the
present invention acts against any pathogenic soil fungus
and this fact is achieved in three stages:

- A first stage of organic oxidation, which occurs once
the product has been incorporated and distributed
over the soil. During this stage, organic reactions
occur with the aim to oxidize the organic fraction of
soil and the pathogens. In this case it is very impor-
tant that the soil texture is adequate, so it is recom-
mended to carry out the tillage and irrigation proce-
dure described above. Tillage allows thatthe formu-
lation penetrates in all infected zones, while irrigation
water acts as diffusion carrier.
- A second stage of allelopathic contact, in which a
total destruction of the cell walls of biotic organisms
occurs. These cell walls were already partly dena-
tured by means of prior oxidation reactions. As a
result, the final destruction of membranes is obtained
by inhibiting the enzymes responsible for making the
substances contained therein.
- The last stage is a microbial regeneration, caused
by elimination of pathogens microorganisms and
contaminants from soil. This fact improves the phys-
icochemical properties of soil, with a decrease in
conductivity, pH and content of oxidized humus,
which then allows the activation of beneficial micro-
bial flora native which had been displaced by path-
ogens. This practice represents an important im-
provement of the physicochemical and microbiologi-
cal features of the soil cultivation and its quality level,
allowing greater viability of crops

[0029] The use of this formulation as pathogens disin-
fectant in agricultural soils has significant advantages
over conventional disinfectants which are currently used
in agriculture. First, to achieve a similar control level, the
dose of the formulation object of this invention is much
lower than common disinfectants, which lower cost and
lower consumption of resources is obtained. In addition,
conventional products have significant toxicological and
environmental risks, so much so that it must be applied
by trained personnel. However, the disinfectant formula-
tion described here is a product that poses no risk of
significant toxicity or environmental pollution, obtaining
a much more sustainable disinfection of soil.

Test 1

[0030] In order to illustrate the disinfecting action of the
present invention, the following test describes the appli-
cation of the formulation on a greenhouse infected by
various types of pathogens.
[0031] The application of the formulation was per-
formed in half of a parcel subsequently planted with cour-
gettes and following the application procedure described
herein at a dose of 10 L/ha, keeping the other half of the
parcel as a control area.
[0032] The effectiveness of the formulation was meas-
ured as a function of the obtained production (kg/ha),
knowing that the production decreases when soil infec-
tion increases. Considering the type of crop used for the
test (courgettes), production was continued for three con-
secutive weeks in the two halves of the parcel (infected
control area and disinfected area). Results obtained
about production are shown in Table 1, where it can be
noted that production increased in the area treated with
disinfectant from the first week compared to the control
area, resulting an increase of 25% of production after
three weeks of study. According to previous assump-
tions, it can be concluded that the application of the for-
mulation object of the present invention decreased the
level of soil infection and consequently increased the pro-
duction.

[0033] Table 1. Courgette production (kg/ha) in green-
houses, on a soil infected by fungi, and untreated (con-
trol) and after treatment with the formulation (disinfect-
ant).

Table 1

Production (kg/ha)

Control Disinfectant

1st week 0 3426

2nd week 1286 4290

3rd week 3478 4639
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Nematicide effect.

[0034] This formulation can be applied with any type
of soil cultivation. The preferred application dose was
between 2.5 and 10.0 litres of formulation per hectare. A
previous and proper soil management is needed to en-
sure that the nematicide comes into contact with nema-
todes to eliminate. To do this, previously to the application
of the formulation, a bundant irrigations must be per-
formed with the aim to reach the maximum field capacity
or at least reach 70% of the field capacity. It is also nec-
essary to note that the irrigation depends on the soil struc-
ture. Therefore, in compacted soils, irrigation must be
more abundant because water must penetrate properly.
Similarly, for sandy soils the irrigation also must be abun-
dant to reach the desired field capacity.
[0035] Preferably, the application of the formulation
would be done by irrigation systems (pivot, droppers,
sprays or nebulizers), but also the product can be applied
via foliar application with treatments directed to the
ground. The most efficient systems are those which allow
greater and better dissemination, such as those with
smaller nozzles and higher coverage on the field. In
sandy soils, where the product can be washed from
strong irrigations, the formulation should preferably be
applied together with organic matter, amino acids or both
simultaneously, with the aim to increase theirfixation and
stability in soil.
[0036] Preferably, after application of the formulation,
it is necessary to irrigate the soil to promote maximum
dispersion and maximum contact of the active substanc-
es of the formulation with nematodes.
[0037] The nematicidal effect of the formulation object
of the present invention acts against adults and larvae
of any species of nematode, and it occurs by contact and
ingestion, presenting also penetration in the first vegeta-
tive layers of the root.
[0038] When the contact and/or ingestion of the formu-
lation by nematodes (larvae and/or adults) occurs, the
membrane and the cysts or nodules coating are de-
stroyed, inhibiting the enzymes responsible to produce
substances containing the nematode cuticle body. Con-
sequently, nematode immobilization is produced and the
death of 50% of the population in less than 24 hours and
80-100% in less than 96 hours from the application oc-
curs.
[0039] This formulation also has systemic power up to
radicular rhizodermis zone, where it contacts with nem-
atode larvae or adults found therein. Due to this capacity
to penetrate, phenomena of rhizogenesis activation in
the root system are activated by the proper effect of the
formulated at the root.
[0040] Preferably, the application of the formulation on
the soil infected with nematodes must be performed at
the following times:

- At the beginning of the crop cycle and after germi-
nation in soils with nematodes. The application cur-

rently decreases the level of adults, which are dor-
mant when weather conditions are not suitable for
their activation. This allows achieving a reduction in
nematode adult population level but not the level of
eggs present in the cultivation soil.
- When the activation of the nematode begins and
the population level by eggs hatch present in the soil
goes up, coinciding with the start of root crop activity
(elevated temperature and soil moisture). This sec-
ond application of the formulation is of great impor-
tance to control the new larvae hatching from eggs
existing in soil before passing to adulthood and carry
put new eggs, thus in this phase a decreased level
of eggs respects the initial. If the larvae are not con-
trolled at this time, its development would entail a
further increase of adults and new clutches of eggs,
exponentially increasing the population levels in a
few days.
- After sufficient time (10-25 days), all eggs that may
have still stay on the floor with prior treatment begin
to hatch, starting the cycle larval development again.
In this case, a third application of the formulation is
recommended to eliminate all the new larvae before
they reach adulthood. A new egg laying is avoided
and, a control between 75 and 100% of the starting
population level and a very significant reduction in
the presence of eggs in the soil is achieved. As a
result in greater production and high fruit quality is
obtained, and a minimum level of infection soil for
future crops.

[0041] Novelties and advantages of the formulation ob-
ject of this invention against commercial nematicides are:

- First, a higher level of control population of nema-
todes in soil, reaching percentages 75-100% in the
case of this formulation against much lower levels
with commercial products.
- In addition, control of nematodes is achieved re-
ducing the negative effects on crops, resulting in in-
creased production and better quality, especially re-
garding the size and specific weight of the fruits.
- Finally, toxicological and environmental exposures
to chemicals are significantly decreased, as this is
an ecological formulation without term security for
crops due to its almost instantaneous biodegrada-
tion, also decreasing the cost of the overall for the
cultivation.

Test 2

[0042] For checking the power of the nematicide for-
mulation described in this invention, an application test
of the formulation over a garlic cultivation infected by
nematodes has been done.
[0043] Inside the plantation, two different areas were
differentiated, leaving one of them as untreated control,
and over the other one the proposed formulation was
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applied at a dose of 5 L/ha through irrigation.
[0044] Population level of adult nematodes, young lar-
vae and larvae previously infective treatment was meas-
ured. Results after 3, 7 and 14 days are shown in Figure 1.
[0045] The application of the disinfectant and nemati-
cide formulation reduced quickly the nematode popula-
tion level during the first week, especially in the case of
young larvae. After two weeks the level of nematodes
was between 15 and 20% of the initial.
[0046] Considering thatthe infection level of the soil af-
fects both production yield and quality of the crop, after
harvesting both areas was performed, the garlic size was
measured according the classification established for
garlic depending on their size. Low to larger sizes were
differentiated: second, first, flower, super, extra, jumbo,
super jumbo and elephant.
[0047] Figure 2 shows the percentage of production
found for each garlic size. It can be seen that in the control
area without treatment, size was lowerthan correspond-
ing to the area treated with disinfectant and nematicide
object of the present invention.
[0048] This result indicates a decrease of nematode
population level during harvest. This fact is due to the
application of this product that improves the overall size
of garlic because the crop can develop according to their
normal cycle.
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Claims

1. Use of an agricultural composition containing a mix-
ture of at least two plant extracts as disinfectant for
removing soil pathogens and/or nematicide, being
these extracts selected from: Capsicum extract,
Marigold extract and garlic extract.

2. Use of a composition according to claim 1 which
comprises Capsicum extract in a maximum weight
percentage of 95%.

3. Use of a composition according to claim 1 which
comprises Marigold extract in a maximum weight
percentage of 95%.

4. Use of a composition according to claim 1 which
comprises garlic extract in a maximum weight per-
centage of 95%.

5. Procedure for pathogen removal from agricultural
soil which comprises the steps of: to till agricultural
soil: (i) to irrigate agricultural soil; (ii) use of an agri-
cultural composition according to any of claims 1 to
4 by watering, spraying or micro-spraying; (iii) to ir-
rigate agricultural soil again; and (iv) to wait ten days
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prior to planting the selected crop.

6. Procedure for nematodes removal from agricultural
soil which comprises the steps of: (i) to irrigate agri-
cultural soil; (ii) use of an agricultural composition
according to any of claims 1 to 4 by watering or foliar
application; (iii) to irrigate agricultural soil again; and
to repeatsteps i-iii: (a) at the beginning of the crop
cycle and after germination in soils with presence of
nematodes; (b) when nematode activation begins
and the population level by eggs hatch present in
the soil rises, coinciding with the beginning of root
activity of the culture; and (c) after 10 and 25 days
between the second application of step b).
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