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ABSTRACT : Pyroligneous acid is a complex mixture containing 80-90 % water and 10-20 % organic compounds,
including more than 200 chemical components such as acetic acid, phenols, alkanes, alcohols and ester compounds, which
can be extracted from different plant materials that contain lignin, cellulose and hemicellulose. In different countries,
practices of transformation of the different vegetable materials are adopted in order to extract this product, since
investigations carried out show that it has potential in different sectors such as agriculture. It has characteristics that allow
it to replace synthetic products used in the food, cosmetic and agricultural industries, which alter the environment and are
harmful to people's health. It is a product of which little is known about its applicability and its establishment could
contribute to the generation of increasingly friendly practices with the environment. In this sense, the present work aims to
collect information on pyroligneous acid and its possible effects on agriculture.
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RESUMEN: El 4cido pirolefioso es una mezcla compleja que contiene entre 80 y 90 % de agua y de 10 a 20 % de
compuestos organicos, que incluyen mas de 200 componentes quimicos tales como el acido acético, fenoles, alcanos,
alcoholes y compuestos de éster, el cual puede ser extraido de diferentes materias vegetales que contengan lignina,
celulosa y hemicelulosa. En diferentes paises se adoptan practicas de transformacion de las diferentes materias vegetales
con el fin de extraer este compuesto, ya que investigaciones realizadas dan a conocer que tiene potencial en diferentes
sectores como el agricola. Tiene caracteristicas que permiten sustituir productos sintéticos utilizados en la industria
alimentaria, cosmética y agricola, que alteran el medio ambiente y son perjudiciales para la salud de las personas. Es un
producto del cual se conoce poco sobre su aplicabilidad y su establecimiento pudiera contribuir a la generacion de
practicas cada vez mas amigables con el ambiente. En ese sentido, el presente trabajo pretende recopilar informacion sobre
el acido pirolefioso y sus posibles efectos en la agricultura.

Palabras clave: bioestimulantes, plaguicida, pir6lisis, herbicidas.

INTRODUCTION

The search for and application of technologies in the
acquisition of energy products and organic chemicals are of
considerable interest in today's world, among which it
mentions the pyrolysis of plant biomass (1).

Although pyrolysis dates back to ancient Egypt and is still
under development, in the current energy scenario, it has
received special attention, since it can directly convert
biomass into solid, liquid and gaseous products by thermal
decomposition in the absence of oxygen (2).

When biomasses are subjected to the pyrolysis process,
they produce a substance known as pyroligneous acid or
wood vinegar, which can be used for different agricultural
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purposes (3). It has characteristics that make it possible to
replace synthetic products, which not only alter the
environment, but also are also harmful to people's health
(4).

In Cuba, some studies have been carried out at
laboratory scale, among which are the works carried out on
the antimicrobial evaluation of 4 products derived from
pyroligneous acid for their possible use as disinfectants (5).
GRAM-SCHMIDT chromatograms of pyroligneous acid
obtained in the pyrolysis of different plant biomasses (6)
and the comparison of Guachapeli (Albizia guachapele)
versus Marabu (Dichrostachys cinérea) and the kinetics of
their pyrolysis (7).
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In correspondence with the above, the present review
aims to gather information on the state of knowledge
regarding pyroligneous acid, its characteristics and possible
uses in agriculture.

DEVELOPMENT

Pyroligneous acid

Pyrolean acid is an aqueous liquid obtained by
condensation of the smoke generated during the pyrolysis
of plant biomass (8). Its extraction is very simple: when
charcoal is processed, the smoke is passed through a pipe
or chimney; in this process the acid, which comes out as a
gas, is condensed and collected. This liquid has a special
smoky, light yellow to brown color (9). The yield depends on
the biomass used (10).

Chemical composition of Pyroligneous Acid

Pyrolysis is a process that transforms plant biomass into
by-products such as biochar, pyroligneous acid (PA) and
tar (11).

In pyrolysis, complex reactions of depolymerization,
hydrolysis, oxidation, dehydration and decarboxylation
occur. When the volatile products condense, they give rise
to a liquid containing two phases: an aqueous phase called
pyroligneous acid, formed by oxygenated organic
compounds of low molecular weight; and another non-
aqueous phase called tar, which contains insoluble organic
compounds of high molecular weight such as: pyrocatechol,
guaiacol, cresol, methyl-cresol, toluene, xylene,
naphthalene, and other hydrocarbons (12).

The volatile products of pyrolysis are the result of the
decomposition of the macro components (cellulose,
hemicellulose and lignin) and of secondary reactions
between the volatile compounds formed in the primary
decomposition. One of the most abundant liquid products of
slow pyrolysis is pyroligneous acid, with a high content of
water and acetic acid (12).

Pyroligneous acid contains 80-90 % water, 5-10 % acetic
acid and more than 200 kinds of dilute chemical compounds
(9). The products obtained are gases, liquids and solids.
The proportion and composition of these products depends
largely on the type of biomass used (13).

In the pyrolysis of sugarcane bagasse and coffee husk, a
high presence of carboxylic acids and phenols is observed,
as well as ketones, alcohols and aldehydes, given the high
content of hemicellulose and cellulose, which upon thermal
decomposition give rise to the volatilization of these types of
organic compounds (12).

In the pyroligneous acid of tobacco, the predominant
compounds, after acetic acid, are those of the amine group
such as acetamide, propionamide and nicotine; however,
the content of phenolic compounds is lower, because the
lignin content is much lower than in the bagasse of cane
and coffee husk (14).

The composition analysis of the pyroligneous acids of the
bamboo, pisonay and cetico species vyielded different

organic compounds (acids, alcohols, phenols and neutral
compounds). The bamboo species presented 12 organic
compounds; the pisonay species resulted with 20 organic
compounds and the cetico species had 23 organic
compounds (10).

Analysis of the pyroligneous acid components of bamboo,
oak and pine, determined that the pyroligneous acids of
these are almost identical and are composed mainly of
phenolic compounds and aromatic hydrocarbons (15).

Effect of Pyroligneous acid on seed germination

The use of pyroligneous acid in the germination of
watermelon  (Citrullus  lunatus), cocoma (Solanum
sessiliflorum) and cacao (Theobroma cacao) seeds in the
District of San Gaban, Carabaya, showed significant effects
on the germination of cocoma and cacao seeds; however,
there were negative effects for watermelon seeds. The 10
mL dose had the best results in the germination of cocona
and cacao seeds with 94.5 and 98.5 %, respectively. The
100 mL dose inhibited germination and the 1 mL dose
showed no positive effect. These authors consider that
pyroligneous acid from bamboo shows efficiency in the
germination of seeds of perennial plants and those with
dormancy problems or recalcitrant plants (16).

The application of bamboo pyroligneous acid to improve
rice seed germination significantly increased the percentage
of seed germination due to its ability to inhibit pathogens
due to its chemical components (17).

Biostimulant effect of Pyroligneous acid

The addition of pyroligneous acid individually promotes
root development of bell pepper seedlings by 45.4 - 51.6 %,
and increases shoot and root biomass by up to 22.0 and
113 %, respectively (18).

In a comparative study between pyroligneous acid from
Pennisetum Clandestinum L (kikuyo) and from Bamboo, it
was demonstrated that both had similar properties and that
their characteristics can increase root growth in
vegetables (19).

Studies found a higher production of paprika in the plots
where 6 mL of pyroligneous acid per liter of water was
used, which confirms that this product also has a growth
stimulator effect that enhances a higher development of the
plant and therefore a higher yield (20).

In the evaluation of the components contained in
pyroligneous acid, in its physical-chemical characteristics,
laboratory analyses were carried out at the beginning and at
the end of the research. It showed that Nitrogen,
Potassium, Magnesium and Sulfur macronutrients
increased their concentration, while other compounds such
as Phosphorus and Calcium, in lower concentration in ppm,
enhanced the vegetative development of the plant (3).

Effect of Pyroligneous acid in the soil

In the production of compost, it increases the nitrogen
content and accelerates its fermentation by using it in a
ratio of 200 mL per liter of water (20).
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Pyroligneous acid acts as a promising soil improvement
amendment because it contains multiple benefits for
agricultural production, stimulates plant growth, improves
soil acidity, improves nutrient absorption by plants and acts
as an organic fertilizer (21). Its application raises the soil's
cation exchange capacity (CEC) and, consequently,
benefits the translocation of nitrogen and phosphorus from
the soil to the plant. Thus, there is a reduction in N leaching
and an increase in bioavailability in agricultural soils (22),
which can potentially decrease the demand for nitrogen
fertilizers for crop growth (23).

The application of a mixture of pyroligneous acid with
Bocashi showed a better quality index in electrical
conductivity, organic matter, and nitrates, in the total content
of organic carbon, nitrogen, phosphorus, calcium and
magnesium. This was not the case for nitrogen-ammonia,
cation exchange capacity and total potassium (24).

Methyl formic acid and methyl acetate, contained in
pyroligneous acid, help the development of microorganisms
that improve the soil and the quality of organic fertilizer (20).

When applied to the soil, it prevents the proliferation of
nematodes, viruses, gray mold, bacteria, etc. The high
acidity and the methanol and phenol content have a strong
bactericidal effect at high concentrations (25).

There are proven results of the efficiency and efficacy of
pyroligneous acid as a source of organic fertilization. Nearly
400 small rural producers in four municipalities in Nicaragua
use this substance as a source of fertilizer for their
crops (26).

Effect of Pyroligneous acid in the control of pests
and diseases

The liquid fraction obtained by conventional pyrolysis of
wood has great utility as a fungicide, bactericide and
insecticide. It is especially useful in the biological activity of
fungal and termite attacks (27).

Preliminary fungicidal and antithermitic evaluation of the
pyrolethal liquid showed its toxicity against the wood-rotting
fungi Coriolopsis polizona, Fomitella supina, Pycnoporus
sanguineus and Trametes villosa. The toxicity limit values
were 3 % pyrolethal liquid per volume of medium against
the fungi Coriolopsis polyzona and Fomitella supina; and 4
% pyrolethal liquid per volume of medium against the fungi
Pycnoporus sanguineus and Trametes villosa. These
toxicity values, once converted into their equivalent organic
fraction content, coincide with adequate toxicity values
found in the literature. Regarding the anti-thermitic
efficiency, experiments showed that the pyrolytic liquid
protects the wood from termite attack on a regular basis
(28).

In a study carried out in Ecuador to evaluate the use of
pyroligneous acid, obtained from rice husk (Oriza sativa L.)
for the management of the insect known as negrita
(Prodiplosis longifila G.) in tomato (Solanum lycopersicum
L.) under controlled conditions. They concluded that the
dose of 1.75 mL of this product in 100 liters of water,
showed a 78.8 % mortality of larvae (29).

When evaluating the effect of pyroligneous acid in the
control of insect pests in the paprika crop (Capsicum
annuum), the results showed that the doses of 4 and 6 mL/
liter of water exerted a repellent effect on white flies, but as
for aphids, the dose of 6 mL besides having a repellent
effect was attributed a mortality effect. Thus, these authors
affirmed that pyroligneous acid exerts a repellent effect on
the aforementioned pests. They also pointed out that mixed
with other pesticides; the same effect can be expected with
half the dose of the pesticide, since the alcohol and the
organic acid help the osmosis of the leaf and the dilution of
the pesticide (20).

It is a product that is used as an alternative for
management, it eliminate the presence of pests, but it
considerably decreases the population index (30).

The fungicidal and insecticidal activity of pyroligneous
acid from bamboo and mangrove wood was experimentally
demonstrated (31). On the other hand, in a study carried
out with vinegar obtained from coconut shell, it was shown
that this liquid, with different dilutions, maintained thermitic
and pesticidal activity, and that wood treated with it
presented a preventive action against termites (32).

Wood vinegar against chromogenic fungi and molds
present in Japanese red pine wood had greater efficacy
against chromogenic fungi, in such a way that with a 1:1
dilution its inhibition was achieved during 8 weeks (33).

In soil sterilization, it works as a fungicide by rapidly
reducing the oxygen level and drastically lowering the pH
for one week, achieving control of nematodes, viruses, gray
mold, downy mildew and bacterial wilt. It should be applied
one week before sowing in a ratio of 2.8 L of pyroligneous
acid/20 L of water and one week after sowing in a ratio of
200 mL of pyroligneous acid/20 Lts of water, preferably
applied in the morning hours (20).

The use of biopesticides, such as pyroligneous acid is a
simple technique for the use of producers, which reduces
maintenance costs by 50 %, besides it does not harm the
environment or human health. In foliar application, phenol,
cresol, alcohols, formic acid, acetic acid, formaldehyde,
methanol, among others, cause repellency in insects such
as mites and aphids by its characteristic smoky odor, has
fungicidal effect for powdery mildew, gray mold, downy
mildew, soft rot, clerotinia rot and bacterial wilt and activates
plant growth (20).

Pyroligneous acid inhibits the growth of some pathogenic
fungi (Rhizoctonia solani, Sclerotium oryzae,
Helminthosporium mayis, Pythium sp., Colletotrichum
gloeosporioides and Cucurbitarum choanephora) and some
bacteria (Xanthomonas campestris pv. Citri and Erwinia
carotovora pv.Carotovora). The results indicate that the
adequate concentrations are lower than 10 % to avoid leaf
burns (34).

Herbicidal effect of Pyroligneous acid

About Pyroligneous acid or wood vinegar there are
references of its use as a natural herbicide since ancient
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times, but there are almost no scientific studies on the
efficacy of this vinegar as herbicide (35).

The evaluation of the behavior of vinegar as an herbicide
in three percentages of acidity, in the Zamorano area in
Honduras, showed that there was no change in the pH of
the soil remaining between 5.6 and 5.7-pre and post
application. The most significant control (p < 0.05) was in
Melampodium divaricatum 15 days after application with 84
%, in the rest of broadleaves the control was not significant
and for grasses and sedges there was no control. The most
significant interaction (p<0.05) was in Melampodium
divaricatum at 10 % acidity and 15 days of weed
emergence with 96 %, in the rest of broadleaves there was
no effect of the interactions. The most significant control (p
< 0.05) in application volume was in Melampodium
divaricatum at 250 L ha' with 95 %, in the rest of weeds
there was no difference. The effect of vinegar on broadleaf
weeds was evident, but not on grasses and sedges (36).

CONCLUSIONS

Pyroligneous acid is obtained from the pyrolysis of plant
biomass; it is a complex mixture of water and organic
compounds, which presents characteristics in its chemical
composition that allow it to be used in agricultural activities
in an environmentally friendly manner.

BIBLIOGRAPHY

1. Santos ACC, Cristaldo PF, Aratjo APA, Melo CR, Lima
APS, Santana EDR, et al. Apis mellifera (Insecta:
Hymenoptera) in the target of neonicotinoids: A one-way
ticket? Bioinsecticides can be an alternative. Ecotoxicol
Environ Saf [Internet]. noviembre de 2018 [citado 16 de
mayo de 2024];163:28-36. Available in: https://linkinghu
b.elsevier.com/retrieve/pii/S0147651318306432

2. Goyal HB, Seal D, Saxena RC. Bio-fuels from
thermochemical conversion of renewable resources: A
review. Renew Sustain Energy Rev [Internet]. 1 de febrero
de 2008 [citado 16 de mayo de 2024];12(2):504-17.
Available in: https://www.sciencedirect.com/science/articl
e/pii/S1364032106001171

3. Espin Carvajal DR. “Evaluaciéon de diferentes dosis de
acido pirolefioso para el control de las principales plagas
en el cultivo de pimiento (Capsicum annum L)’. 2020
[citado 16 de mayo de 2024]; Available in: https://repo
sitorio.uteq.edu.ec/handle/43000/6022

4. Mejia Gallon Al, Ramirez Lopez G, Palacio Torres HD,
Lépez C. Identificacion de compuestos volatiles del
vinagre de Guadua angustifolia Kunth. (guadua). Rev
Cuba Plantas Med [Internet]. junio de 2011 [citado 16 de
mayo de 2024];16(2):190-201. Available in: http://scielo.
sld.cu/scielo.php?script=sci_abstract&pid=S1028-4796201
1000200008&Ing=es&nrm=iso&ting=es

5. Rojas MC, Martinez Varona M, Betancourt Vallejo M,
Martin Dominguez EB. Evaluacion antimicrobiana de 4
productos derivados del acido pirolefioso para su posible
utilizacion como desinfectantes. Rev Cuba Farm [Internet].
diciembre de 1997 [citado 16 de mayo de 2024];

10.

1.

12.

13.

14.

31(3):182-7. Available in: http://scielo.sld.cu/scielo.php?
script=sci_abstract&pid=S0034-75151997000300006&Ing
=es&nrm=iso&ting=es

Cutino EM, Medina MP, Ortega GG, Beltran Y.
Cromatogramas gram-schmidt del &cido pirolefioso
obtenido en la pirolisis de diferentes biomasas vegetales.
2009;(3). Available in: https://www.redalyc.org/pdf/4455/44
5543760004.pdf

Cantos Macias MA, Quesada Gonzalez O, Rodriguez
Mcfarlanes R, Brito Soubanell AL, Casanova Gémez A.
Guachapeli contra Marabu y la cinética de sus pirdlisis.
Rev Cuba Quim [Internet]. diciembre de 2017 [citado 16
de mayo de 2024];29(3):362-78. Available in: http:/scielo.
sld.cu/scielo.php?script=sci_abstract&pid=S2224-5421201
7000300003&Ing=es&nrm=iso&tlng=es

Theapparat Y, Chandumpai A, Faroongsarng D,
Theapparat Y, Chandumpai A, Faroongsarng D.
Physicochemistry and utilization of wood vinegar from
carbonization of tropical biomass waste. En: Tropical
Forests - New Edition [Internet]. IntechOpen; 2018 [citado
16 de mayo de 2024]. Available in: https://www.intec
hopen.com/chapters/61747

Infoagro. Usos del Acido Pirolefioso. Universidad de
Caldas [Internet]. 2009; Available in: http://www.infoa
gro.go.cr>publicaciones>prod...pdf

Catacora-Pinazo M, Quispe-Apaza |, Julian-Laime E,
Zanabria-Mallqui R, Roque-Cruz M. Caracterizacion de los
componentes quimicos del acido pirolefioso obtenido de 3
especies forestales, con fines agricolas en San Gaban,
Puno (Pera). 2019;07(2):6-16. Available in: http://reposi
torio.inia.gob.pe/bitstream/20.500.12955/2233/1/Catacora
_et-al_2019 forestal_componentes-qu%C3%ADmicos.pdf
Gonzalez CMO. Compuestos del acido pirolefioso
procedente de biomasa residual de coniferas ciprés
(Cupressus lusitanica Mill) y patula (Pinus patula). Rev
Univ Catolica Oriente [Internet]. 2015 [citado 16 de mayo
de 2024];28(40):94-104. Available in: https://revistas.uco.
edu.co/index.php/uco/article/view/190

Cutifio EM, Medina MP, Ortega GG, Guilarte YB, del
Campo AES. Cromatogramas Gram-Schmidt del acido
pirolefioso obtenido en la pirolisis de diferentes biomasas
vegetales. Tecnol Quim [Internet]. 2009 [citado 16 de
mayo de 2024];XXIX(3):27-37. Available in: https://www.
redalyc.org/articulo.oa?id=445543760004

Mohan D, Pittman CU, Bricka M, Smith F, Yancey B,
Mohammad J, et al. Sorption of arsenic, cadmium, and
lead by chars produced from fast pyrolysis of wood and
bark during bio-oil production. J Colloid Interface Sci
[Internet]. 1 de junio de 2007 [citado 16 de mayo de
2024];310(1):57-73. Available in: https://www.sciencedi
rect. com/science/article/pii/S0021979707000409

Sumba Alvario JG. Evaluacion de diferentes dosis de
acido pirolefioso para el control de negrita (Prodiplosis
longifila) en el cultivo de tomate (Solanum lycopersicum)
en época seca, en la zona de Mocache. 2020 [citado 16
de mayo de 2024]; Available in: https://repositorio.uteq.
edu.ec/handle/43000/6044


https://linkinghub.elsevier.com/retrieve/pii/S0147651318306432
https://linkinghub.elsevier.com/retrieve/pii/S0147651318306432
https://www.sciencedirect.com/science/article/pii/S1364032106001171
https://www.sciencedirect.com/science/article/pii/S1364032106001171
https://repositorio.uteq.edu.ec/handle/43000/6022
https://repositorio.uteq.edu.ec/handle/43000/6022
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S1028-47962011000200008&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S1028-47962011000200008&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S1028-47962011000200008&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S0034-75151997000300006&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S0034-75151997000300006&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S0034-75151997000300006&lng=es&nrm=iso&tlng=es
https://www.redalyc.org/pdf/4455/445543760004.pdf
https://www.redalyc.org/pdf/4455/445543760004.pdf
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S2224-54212017000300003&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S2224-54212017000300003&lng=es&nrm=iso&tlng=es
http://scielo.sld.cu/scielo.php?script=sci_abstract&pid=S2224-54212017000300003&lng=es&nrm=iso&tlng=es
https://www.intechopen.com/chapters/61747
https://www.intechopen.com/chapters/61747
http://www.infoagro.go.cr%3epublicaciones%3eprod...pdf
http://www.infoagro.go.cr%3epublicaciones%3eprod...pdf
http://repositorio.inia.gob.pe/bitstream/20.500.12955/2233/1/Catacora_et-al_2019_forestal_componentes-qu%C3%ADmicos.pdf
http://repositorio.inia.gob.pe/bitstream/20.500.12955/2233/1/Catacora_et-al_2019_forestal_componentes-qu%C3%ADmicos.pdf
http://repositorio.inia.gob.pe/bitstream/20.500.12955/2233/1/Catacora_et-al_2019_forestal_componentes-qu%C3%ADmicos.pdf
https://revistas.uco.edu.co/index.php/uco/article/view/190
https://revistas.uco.edu.co/index.php/uco/article/view/190
https://www.redalyc.org/articulo.oa?id=445543760004
https://www.redalyc.org/articulo.oa?id=445543760004
https://www.sciencedirect.com/science/article/pii/S0021979707000409
https://www.sciencedirect.com/science/article/pii/S0021979707000409
https://repositorio.uteq.edu.ec/handle/43000/6044
https://repositorio.uteq.edu.ec/handle/43000/6044
https://cu-id.com/2050/v45n3e10

Pyroligneous Acid, characteristics and possible uses in agriculture

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Mun SP, Ku CS. Pyrolysis GC-MS analysis of tars formed
during the aging of wood and bamboo crude vinegars. J
Wood Sci [Internet]. febrero de 2010 [citado 16 de mayo
de 2024];56(1):47-52. Available in: https://jwoodscience.
springeropen.com/articles/10.1007/s10086-009-1054-0
Ruelas EP, Salazar NFQ, Pinazo MC. Efecto del &cido
pirolefioso en la germinacion de Citrullus lanatus “sandia”,
Solanum sessiliflorum “cocona” y Theobroma cacao
“cacao” en el distrito de San Gaban, Carabaya. Puriq
[Internet]. 2020 [citado 23 de mayo de 2024];2(3):233-46.
Available in: http://portal.amelica.org/ameli/journal/514/51
43156009/html/

Chuaboon W, Ponghirantanachoke N, Athinuwat D.
Application of wood vinegar for fungal disease controls in
Paddy rice. Appl Environ Res [Internet]. 30 de noviembre
de 2016;38:77-85. Available in: https://www.researchgate.
net/publication/335477384_Application_of Wood_Vinegar
_for_Fungal_Disease_Controls_in_Paddy_Rice

Luo X, Wang Z, Meki K, Wang X, Liu B, Zheng H, etal.
Effect of co-application of wood vinegar and biochar on
seed germination and seedling growth. J Soils Sediments
[Internet]. 1 de diciembre de 2019 [citado 23 de mayo de
20241;19(12):3934-44. Available in: https://doi.org/10.10
07/s11368-019-02365-9

Burbano-Salas D. Uso del Kikuyo (Pennisetum
clandestinum L), residuo de la poda de areas verdes para
la obtencion de acido pirolefioso con fines agropecuarios.
Rev Inst Investig Fac Minas Metal Cienc Geograficas
[Internet]. 15 de julio de 2018 [citado 23 de mayo de
20241;21(41):3-8. Available in: https:/revistasinvestiga
cion. unmsm.edu.pe/index.php/iigeo/article/view/14985
Lépez Velasquez OJ, Martinez B. HE, Rojas Berrios R.
Uso del humo liquido (acido pirolefioso) en el manejo de
plagas insectiles del cultivo de chiltomo (Capsicum
annuum). [Internet] [Thesis]. 2007 [citado 23 de mayo de
2024]. Available in: http://riul.unanleon.edu.ni:8080/jspui/
handle/123456789/974

Lei M, Liu B, Wang X. Effect of adding wood vinegar on
cucumber (Cucumis sativus L) seed germination. IOP
Conf Ser Earth Environ Sci [Internet]. marzo de 2018
[citado 23 de mayo de 2024];128(1):012186. Available in:
https://dx.doi.org/10.1088/1755-1315/128/1/012186
Vaccari FP, Maienza A, Miglietta F, Baronti S, Di Lonnardo
S, Giagnoni L, et al.. Biochar stimulates plant growth but
not fruit yield of processing tomato in a fertile soil. Agr.
Ecosyst. Environ. 2015;207:163-70. Available in: https://
doi.org/10.1016/j.agee.2015.04.015

Zheng H, Wang Z, Deng X, Herbert S, Xing B. Impacts of
adding biochar on nitrogen retention and bioavailability in
agricultural soil. Geoderma [Internet]. 1 de septiembre de
2013 [citado 23 de mayo de 2024];206:32-9. Available in:
https://www.sciencedirect.com/science/article/pii/S001670
6113001365

Castillo Navarro LJ, Vargas Zamora LO. Estudio
comparativo de tres formas de produccién de Bocashi
elaborados en el Campus Agropecuario UNAN-Leon
[Internet] [Thesis]. 2007 [citado 23 de mayo de 2024].

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Available in: http://riul.unanleon.edu.ni:8080/jspui/handle/
123456789/4584

Benzon H, Rubenecia MR, Ultra V, Lee SC. Chemical and
biological properties of paddy soil treated with herbicides
and pyroligneous acid. J Agric Sci [Internet]. 15 de marzo
de 2015;7. Available in: https://www.researchgate.net/
publication/274639900_Chemical_and_Biological_Propert
ies_of Paddy_Soil_Treated_with_Herbicides_and_Pyrolig
neous_Acid

Lanuza Térrez S. Jugo o vinagre de madera (savia de
plantas) [Internet] [engineer]. Universidad Nacional
Agraria, UNA; 2007 [citado 23 de mayo de 2024].
Available in: https://repositorio.una.edu.ni/1363/

Choi JY, Shinde P, Kwon IK, Song YH, Chae BJ. Effect of
wood vinegar on the performance, nutrient digestibility and
intestinal microflora in weanling pigs. Asian-Australas J
Anim Sci [Internet]. 1 de febrero de 2009;22. Available in:
https://www.researchgate.net/publication/264145497 _Effe
ct_of _Wood_Vinegar_on_the Performance_Nutrient_Dige
stibility_and_Intestinal_Microflora_in_Weanling_Pigs
Evaluacion fungicida y antitermitica preliminar del liquido
pirolefioso. Revista Tecnologia en Marcha. 20 de
noviembre de 2017 [citado 23 de mayo de 2024];
Available in: https://revistas.tec.ac.cr/index.php/tec_mar
chalarticle/view/1464

Estrella Hablich ST. Uso del acido pirolefioso obtenido de
la cascara de arroz (Oriza sativa L.) para el manejo de
Prodiplosis longifila G. en tomate (Solanum lycopersicum
L.). 2019 [citado 23 de mayo de 2024]; Available in:
https://repositorio.uteq.edu.ec/handle/43000/3623

Coello D. Manejo de pulgones transmisores de
enfermedades virales en el cultivo de pimiento (Capsicum
annum L.), en la zona de Vinces [Internet]. Repositorio
Institucional de la Universidad de Guayaquil; 2014.
Available in: http://repositorio.ug.edu.ec/handle/redug/3123
Lee SH, H'ng P, Chow MJ, Sajap A, Tey BT, Salmiah U, et
al. Effectiveness of pyroligneous acids from vapour
released in charcoal industry against biodegradable agent
under laboratory condition. Jordan J Appl Sci [Internet]. 1
de diciembre de 2011;11:3848-53. Available in: https:/
www.researchgate.net/publication/224879814 _Effectivene
ss_of Pyroligneous_Acids_from_Vapour_Released_in_Ch
arcoal_Industry_Against_Biodegradable Agent_under_La
boratory_Condition

Wititsiri S. Production of wood vinegars from coconut
shells and additional materials for control of termite
workers, Odontotermes sp. and striped mealy bugs,
Ferrisia virgata. Songklanakarin J Sci Technol SJST
[Internet]. 1 de junio de 2011 [citado 23 de mayo de 2024];
33(3):349-54. Available in: http://rdo.psu.ac.th/sjstweb/jou
rnal/33-3/0125-3395-33-3-349-354.pdf

Laboratory evaluation of the anti-stain efficacy of crude
wood vinegar for Pinus densiflora: BioResources
[Internet]. [citado 23 de mayo de 2024]. Available in:
https://bioresources.cnr.ncsu.edu/

Chalermsan Y, Peerapan S. Wood vinegar: by-product
from rural charcoal kiln and its role in plant protection.


https://jwoodscience.springeropen.com/articles/10.1007/s10086-009-1054-0
https://jwoodscience.springeropen.com/articles/10.1007/s10086-009-1054-0
http://portal.amelica.org/ameli/journal/514/5143156009/html/
http://portal.amelica.org/ameli/journal/514/5143156009/html/
https://www.researchgate.net/publication/335477384_Application_of_Wood_Vinegar_for_Fungal_Disease_Controls_in_Paddy_Rice
https://www.researchgate.net/publication/335477384_Application_of_Wood_Vinegar_for_Fungal_Disease_Controls_in_Paddy_Rice
https://www.researchgate.net/publication/335477384_Application_of_Wood_Vinegar_for_Fungal_Disease_Controls_in_Paddy_Rice
https://doi.org/10.1007/s11368-019-02365-9
https://doi.org/10.1007/s11368-019-02365-9
https://revistasinvestigacion.unmsm.edu.pe/index.php/iigeo/article/view/14985
https://revistasinvestigacion.unmsm.edu.pe/index.php/iigeo/article/view/14985
http://riul.unanleon.edu.ni:8080/jspui/handle/123456789/974
http://riul.unanleon.edu.ni:8080/jspui/handle/123456789/974
https://dx.doi.org/10.1088/1755-1315/128/1/012186
https://doi.org/10.1016/j.agee.2015.04.015
https://doi.org/10.1016/j.agee.2015.04.015
https://www.sciencedirect.com/science/article/pii/S0016706113001365
https://www.sciencedirect.com/science/article/pii/S0016706113001365
http://riul.unanleon.edu.ni:8080/jspui/handle/123456789/4584
http://riul.unanleon.edu.ni:8080/jspui/handle/123456789/4584
https://www.researchgate.net/publication/274639900_Chemical_and_Biological_Properties_of_Paddy_Soil_Treated_with_Herbicides_and_Pyroligneous_Acid
https://www.researchgate.net/publication/274639900_Chemical_and_Biological_Properties_of_Paddy_Soil_Treated_with_Herbicides_and_Pyroligneous_Acid
https://www.researchgate.net/publication/274639900_Chemical_and_Biological_Properties_of_Paddy_Soil_Treated_with_Herbicides_and_Pyroligneous_Acid
https://www.researchgate.net/publication/274639900_Chemical_and_Biological_Properties_of_Paddy_Soil_Treated_with_Herbicides_and_Pyroligneous_Acid
https://repositorio.una.edu.ni/1363/
https://www.researchgate.net/publication/264145497_Effect_of_Wood_Vinegar_on_the_Performance_Nutrient_Digestibility_and_Intestinal_Microflora_in_Weanling_Pigs
https://www.researchgate.net/publication/264145497_Effect_of_Wood_Vinegar_on_the_Performance_Nutrient_Digestibility_and_Intestinal_Microflora_in_Weanling_Pigs
https://www.researchgate.net/publication/264145497_Effect_of_Wood_Vinegar_on_the_Performance_Nutrient_Digestibility_and_Intestinal_Microflora_in_Weanling_Pigs
https://revistas.tec.ac.cr/index.php/tec_marcha/article/view/1464
https://revistas.tec.ac.cr/index.php/tec_marcha/article/view/1464
https://repositorio.uteq.edu.ec/handle/43000/3623
http://repositorio.ug.edu.ec/handle/redug/3123
https://www.researchgate.net/publication/224879814_Effectiveness_of_Pyroligneous_Acids_from_Vapour_Released_in_Charcoal_Industry_Against_Biodegradable_Agent_under_Laboratory_Condition
https://www.researchgate.net/publication/224879814_Effectiveness_of_Pyroligneous_Acids_from_Vapour_Released_in_Charcoal_Industry_Against_Biodegradable_Agent_under_Laboratory_Condition
https://www.researchgate.net/publication/224879814_Effectiveness_of_Pyroligneous_Acids_from_Vapour_Released_in_Charcoal_Industry_Against_Biodegradable_Agent_under_Laboratory_Condition
https://www.researchgate.net/publication/224879814_Effectiveness_of_Pyroligneous_Acids_from_Vapour_Released_in_Charcoal_Industry_Against_Biodegradable_Agent_under_Laboratory_Condition
https://www.researchgate.net/publication/224879814_Effectiveness_of_Pyroligneous_Acids_from_Vapour_Released_in_Charcoal_Industry_Against_Biodegradable_Agent_under_Laboratory_Condition
http://rdo.psu.ac.th/sjstweb/journal/33-3/0125-3395-33-3-349-354.pdf
http://rdo.psu.ac.th/sjstweb/journal/33-3/0125-3395-33-3-349-354.pdf
https://bioresources.cnr.ncsu.edu/

Elio Lescay Batista, Cultivos Tropicales, Vol. 45, No. 3, July-September 2024, https://cu-id.com/2050/v45n3e10

35.

Asian J Food Agro-Ind [Internet]. 2009 [citado 23 de mayo
de 2024]; Available in: https://www.semanticscholar.org/
paper/Wood-vinegar%3A-by-product-from-rural-charcoal-k
iln-Chalermsan-Peerapan/cd0f6f597939a751006dc0e571
d3b7ce2dc78363

Aguirre J. El vinagre de madera, posible sustituto de los
herbicidas quimicos | Lider en Informaciéon Social

36.

Servimedia [Internet]. 2016 [citado 23 de mayo de 2024].
Available in: https://www.servimedia.es/noticias/611439
Arce R. GD. Evaluacion técnica del vinagre para el
manejo de malezas [Internet]. Zamorano: Escuela
Agricola Panamericana, 2013.; 2001 [citado 23 de mayo
de 2024]. Available in: https://bdigital.zamorano.edu/han
dle/11036/1418


https://www.semanticscholar.org/paper/Wood-vinegar%3A-by-product-from-rural-charcoal-kiln-Chalermsan-Peerapan/cd0f6f597939a751006dc0e571d3b7ce2dc78363
https://www.semanticscholar.org/paper/Wood-vinegar%3A-by-product-from-rural-charcoal-kiln-Chalermsan-Peerapan/cd0f6f597939a751006dc0e571d3b7ce2dc78363
https://www.semanticscholar.org/paper/Wood-vinegar%3A-by-product-from-rural-charcoal-kiln-Chalermsan-Peerapan/cd0f6f597939a751006dc0e571d3b7ce2dc78363
https://www.semanticscholar.org/paper/Wood-vinegar%3A-by-product-from-rural-charcoal-kiln-Chalermsan-Peerapan/cd0f6f597939a751006dc0e571d3b7ce2dc78363
https://www.servimedia.es/noticias/611439
https://bdigital.zamorano.edu/handle/11036/1418
https://bdigital.zamorano.edu/handle/11036/1418
https://cu-id.com/2050/v45n3e10

	Pyroligneous acid, characteristics and possible  uses in agriculture
	El ácido piroleñoso, características y posibles usos en la agricultura
	INTRODUCTION
	DEVELOPMENT
	Pyroligneous acid
	Chemical composition of Pyroligneous Acid
	Effect of Pyroligneous acid on seed germination
	Biostimulant effect of Pyroligneous acid
	Effect of Pyroligneous acid in the soil
	Effect of Pyroligneous acid in the control of pests and diseases
	Herbicidal effect of Pyroligneous acid

	CONCLUSIONS
	BIBLIOGRAPHY

