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ABSTRACT

Chitin is a biodegradable polymer widely spread in nature. It is mainly obtained form crustacean shells. Chitin and
its derivatives have shown to be effective in controlling plagues and plants diseases. Their mechanism of action is
strongly linked to their chemical structures. These mechanisms can result from the direct action on the pathogen
or can be a consequence of its capacity to induce defensive mechanisms on plants. In any case, the effect is their
protection against various vegetable diseases, before and after harvest. The addition of chitin and its derivatives
to the soil favours the growth and activity of many chitinolytic organisms that constitute biological controls and are
natural enemies of many agents responsible for vegetable plagues and diseases, generating a synergistic effect.
On the other side, these biopolymers also favour the growth and development of beneficial microorganisms that
establish synergistic relationships with plants, such a as mycorrhizas or Rhizobium species. On top of that, increasing
the microbial population and activity in the soil improves the properties of nutrients and their availability. As growth
regulators, it has been established that these biopolymers accelerate seeds germination, the ability of plants to grow
as well as the agricultural yield. It is concluded that chitin and its derivatives have great potential for applications in
agriculture. It is foreseen that in the future these biopolymers will be used in greater extension, mainly for substituting
actual chemical pesticides or as growth regulators.
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RESUMEN

La quitina y sus derivados, biopolimeros con potencialidades de aplicacién agricola. La quitina es un
polimero biodegradable muy abundante en la naturaleza, que se obtiene fundamentalmente del exoesqueleto
de los crustdceos, y del que mucho se ha escrito por sus potencialidades de aplicacién en la agricultura. Ella y
sus derivados son efectivos en el control de enfermedades y plagas vegetales. Sus mecanismos de accién estan
vinculados a su estructura quimica. Pueden actuar sobre el organismo patégeno, o inducir mecanismos defensivos
en las plantas, contra varias enfermedades vegetales antes y después de la cosecha. La adicién de quitina y sus
derivados al suelo, favorece el crecimiento y la actividad de muchos organismos quitinoliticos, por un efecto sinér-
gico. Estos constituyen controles biolégicos y enemigos naturales de muchos agentes causales de enfermedades
y plagas vegetales. Ademas, favorecen el crecimiento y desarrollo de microorganismos beneficiosos que estable-
cen relaciones simbiéticas con las plantas, tales como las micorrizas o especies del género Rhizobium. A su vez,
incrementan la poblacién y la actividad microbiana en el suelo, lo que mejora la disposicion de nutrientes y sus
propiedades. Como reguladores del crecimiento, aceleran la germinacién de las semillas, el vigor de las plantas, y
el rendimiento agricola. Por tanto, por su gran potencial de aplicacién en la agricultura, se augura que se utilizaran
con una mayor extensién, principalmente como sustitutos de los actuales plaguicidas quimicos o como reguladores
del crecimiento de las plantas.

Palabras clave: quitina, agricultura, biopolimero, regulador del crecimiento, control biolégico

Introduction

The use of bioactives compatible with the environment
is one of the main challenges for modern agriculture.
For this purpose, the use of chitin and its derivatives
is a promising alternative, based on its biological acti-
vity and easy-to-obtain procedures.

Several studies show the mechanisms of action and
the efficiency of such active principles in agriculture,
mainly at laboratory scale and under controlled en-
vironmental conditions. However, there are few field
study reports and low reproducibility of results, espe-

& Corresponding author

cially studies of scaling up technologies for applying
those derivatives at open field production. This has
been influenced by dispersion of the available infor-
mation, and the lack of technical and practical details
required to reproduce them, among other aspects.
Researches concerning these elements, from Cuba
and other countries, are gathered here to facilitate the
availability of data for applying chitin and its deriva-
tives in agriculture, and the investigations aimed to
introduce such bioproducts in the Cuban agriculture.
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General properties of chitin
and its derivatives

Chitin is the second most abundant polysaccharide in
nature after cellulose. Chitin bearing a high regenera-
tion rate, with annual estimates of at least 1 x 10° tons
being synthesized and degraded every year in natu-
re [1]. This substance is found in cellular structures
of fungi [2], bacteria [3], insects [4], arachnids [5],
crustaceans [6], nematodes [7] and other invertebrates
such as: annelids, mollusks, cephalopods and hemi-
chordates [8].

Chitin is a white, partially crystalline, odorless and
tasteless solid at its pure state. It is made of N-acetyl-
2-amino-2-desoxy-D-glucose aminosaccharide units,
linked together by B(1—4) glycosidic bonds to form
a linear chain, some of the residues appearing dea-
cetylated [9]. Therefore, chitin shows a structure that
resembles cellulose, except for the carbon residue at
position 2 which has an acetamide group attached to
chitin instead of the hydroxyl group of cellulose (Fi-
gure 1).

Other relevant properties of this polymeric bio-
product are its high molecular weight, and its porous
structure favoring high water absorption [10].

Its properties as a product vary depending on the
source from which it was obtained and prepared. This
has led to further developments to improve produc-
tion methods and to achieve more convenient proper-
ties for different uses [11].

As Chitin is insoluble in water, a characteristic that
limits its application, working with some of its direct
derivatives will be more convenient than with the na-
tural polymer. Chitosan is the most relevant derivati-
ve, and it can be found in nature or can be obtained
in synthetic form (Figure 1), composed mainly by
deacetylated units, influencing its chemical and bio-
logical properties. Chitosan is soluble in diluted acid
solutions, and is also among the few cationic poly-
mers found in nature, with amino groups able to get
positive charges and responsible in part for its potent
antimicrobial activity [12, 13].

The high viscosity of chitosan solutions is also a
relevant characteristic that favors its biological pro-
perties, which are determined in general by a number
of factors, including the average molecular weight of
the polymer, acetylation degree and solution concen-
tration, among others. Films and threads for dressing
can be obtained from chitosan solutions for a great
number of industrial applications [14].

Other chitin derivatives are oligosaccharides of 2
to 20 N-acetylglucosamine residues in length. Their
lower molecular weights provide them with chemi-
cal and biological properties other than those of the
original polymer, such as water solubility and signa-
ling functions during symbiotic interactions in plants
[15].

Chitin and all its derivatives share a high nitrogen
content (6.14-8.3%) and high thermal and chemical
stability [2]. Nevertheless, they are also substrates
very susceptible to degradation by several enzyme
families, this aspect derived from their composition
and natural origin [16]. The presence of functional
hydroxyl and amino groups (these in the deacetyla-
ted units) support the formation of coordination com-
pounds (complexes) with metal ions of cooper, zinc
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Figure 1. Structural representation A) cellulose, B) fully acetylated chitin and C) fully deacetylated

chitosan, evidencing their structural similarity.

and iron and others, but not with those of alkaline
(e.g., sodium or potassium) or alkaline earth (e.g., cal-
cium or magnesium) metals. These complexes show
a strong antimicrobial activity against some vegeta-
ble pathogens, being promising agents for agricultu-
ral application [17]. Moreover, they bear absorptive
properties, very useful to remove stains [18, 19], re-
siduals from water [20], and they are useful for other
applications. All these make chitin and their derivati-
ves highly applicable to human activity [21].

Preparation of chitin and its derivatives

Chitin can be obtained from several sources, but
mainly from crustacean and fungi debris. Of them,
fungi materials are hard to be produced at high scale
for marketing [22]. Therefore, the source of choice is
the crustacean processing waste, due to its abundance,
chitin content, and also to ameliorate its high conta-
minant effect [23].

It has been estimated that over 170 000 tons out of
the 1 440 000 tons of the chitinous wastes globally
obtained per year come from the global fish industry,
all of them accounting for an estimate of more than
25 000 tons of chitin if processed [24].

Several methods have been established to produce
chitin from natural sources, essentially involving aci-
dic treatment for materials’ demineralization and with
alkali for protein separation. Pigments and fat can
be optionally removed. Nevertheless, some of these
components make the resulting chitin very useful for
certain applications, especially for agriculture. There-
fore, the product’s purity grade is defined by its final
application [25].

In Cuba, over 8000 tons of lobster are captured
every year, 30% corresponds to about 1500 tons
which are discarded and used as raw material for
chitin production [26]. Wastes coming from other
marketable species as shrimp, and sea and freshwater

Biotecnologia Aplicada 2010; Vol.27, No.4

1. Gooday GW. The ecology of chitin
degradation. Adv Micro Ecol 1990;11:387-
419.

2. Yen MT, Mau JL. Selected physical
properties of chitin prepared from shii-
take stipes. Food Sci Technol 2007;40(3):
558-63.

3. Gomes RC, Soares RMA, Nakamura CV,
Souto-Padrén T, de Souza RF, de Azevedo
Soares Semédo LT, et al. Streptomyces
lunalinharesii spores contain chitin on
the outer sheath. FEMS Microbiol Lett
2008;286(1):118-23.

4. Maijtén J, Bilikova K, Markovic O,
Gréf J, Kogan G, Simuth J. Isolation and
characterization of chitin from bumblebee
(Bombus terrestris). Int J Biol Macromol
2007;40(3):237-41.

5. Wei-Bing, Shi-Ming, Feng. Lethal
efect of Beauveria bassiana, Metarhizium
anisopliae, and Paecilomyces fumosoroseus
on the eggs of Tetranychus cinnabarinus
(Acari: Tetranychidae) with a description of
a mite egg bioassay system. Biol Control
2004;30:165-73.

6. Diaz-Rojas El, Arguelles-Monal WM,
Higuera-Ciapara |, Hernandez J, Lizardi-
Mendoza J, Goycoolea FM. Determination
of chitin and protein contents during the
isolation of chitin from shrimp waste. Mac-
romol Biosci 2006;6(5):340-47.

7. Fanellia E, Vitob MD, Jonesc JT, Giorgia
CD. Analysis of chitin synthase function in
a plant parasitic nematode, Meloidogyne
artiellia, using RNAi. Gene 2005;349:
87-95.

8. Wu SD, Wu C-S, Chen H. Cuticle struc-
ture of squid lllex argentinus pen. Fish Sci
2003;69:849-55.

9. Peniche C. Estudios sobre quitina y
quitosana. [Tesis en opcién del titulo de
Doctor en Ciencias]. Editorial Universitaria,
Universidad de La Habana, 2006.



Miguel A Ramirez et al.

Chitin and its derivatives. Agricultural applications

crabs are also used. In fact, several procedures were
developed to prepare chitin depending on the appli-
cation. For example, the method that generates high
quality and pure chitin for pharmaceutical application
is regarded as one of the first among Ibero-American
countries [27]. At present there are two factories in
Cuba producing this pharmaceutical-grade chitin at
levels overreaching the demands.

Additionally, there is a process for integral proces-
sing of the wastes [28], and another designed to pre-
pare chitin and its derivatives for specific application
in agriculture [29].

Biological activity of chitin
in agriculture

Chitin and its derivatives are biologically active du-
ring its interaction with plants and microorganisms
[30]. Four main approaches have been identified for
chitin application in agriculture (see table 1):

1. Protection of plants from pests and diseases be-
fore and after harvest.

2. Enhancing of antagonist microorganisms action
and biological controls.

3. Enhancing the beneficial symbiotic plant-mi-
croorganism interactions; and

4. Regulating plant growth and development.

Some results evidenced that polymeric chitin does
not show a substantial antimicrobial activity affecting
growth and development of plant pathogens. This is
determined by its insolubility in water and compact
structure. Otherwise, its deacetylated derivative chito-
san has certainly shown a potent antimicrobial activity,
due to protonation of its amino groups in solution. These
results are in agreement with those obtained for soluble
chitin and chitosan oligomers at the National Institute
of Agricultural Sciences (INCA, Cuba). Moreover, po-
sitively charged oligochitosans showed antifungal acti-
vity, which was absent in chitin oligomers (uncharged)
when compared to the control treatment [31].

Vegetal membranes respond to polymeric chitin
and its derivatives by surmounting a cascade of en-
zymatic reactions which ultimately results in induced
and systemic resistance in plants [32]. This has been
corroborated by isolating chitin-specific membrane
receptors in soybean and rice [33].

Chitin has also been used to enhance the efficiency
of natural biological controls. Many microorganisms
acting as antagonists use chitinases against plant pests
and diseases (e.g., Trichoderma sp.). These enzymes
are overproduced together with other hydrolases in
the presence of chitins and some of its derivatives,
increasing the efficiency of microorganisms acting as
biocontrols [34].

Recent findings demonstrate that chitin and its de-
rivatives can improve legume-Rhizobium symbiosis.
Nodulation factors excreted by Rhizobium sp. are
3-to-5-units chitin fragments bound to fatty acid and
protein ramifications [35]. Therefore, chitin can be
provided as precursor substrate for these metabolites.
Other types of interactions (e.g., mycorrhization) have
benefited from adding chitin derivatives, as in tomato
cultivation [36].

Moreover, chitin was demonstrated to favor plant
growth and development by increasing enzyme and
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Table 1. Some uses of chitin and its derivatives in agriculture

Use Crop Properties Compound Reference
Protection after harvest Mango Antimicrobial Chitosan [37-39]
Guava Antimicrobial
Tomato Antimicrobial
Retardation of fruit Papaya Semipermeable film Chitosan [40]
ripening process formation
Defensive enzymes Rice Inducer Chitin [41-43]
stimulation Tobacco Chitosan
Pea Chitosan
Mycorrizal simbiosis Tomato Inducer of recognition Chitin [44]
stimulator mechanisms
Nematocidal control Tomato Increases soil chitinolytic Chitin [45]
microbiotes
Biocontrol action Peanut Stimulator substrate for Chitin [46]
enhancer Apple hydrolases enzymes

metabolic functions, also accelerating germination
[30].

Crop protection from pests and diseases

Chitin and its derivatives have been used to protect
crops from diseases either before or after harvest, di-
rectly or indirectly, depending on the specific plant-
pathogen interaction. Some results of such applica-
tions are shown in the following by pathogen group.

Antifungal activity

Plants are protected from fungi by the biological ac-
tivity of chitin and its derivatives through two main
mechanisms: 1) direct antifungal action of these mole-
cules, affecting fungal growth and development; and
ii) activation of defensive mechanisms interfering or
inhibiting pathogen’s development, subsequently hal-
ting or limiting disease progression.

Regarding chitin derivatives, especially those bea-
ring highly reactive functional groups as chitosan
and derived compounds, they were demonstrated as
having direct antifungal activity on phytopathoge-
nic fungi [47]. This is influenced by the compound’s
chemical properties and concentration. In this sense,
chitosan polymers administered at 1 g/L completely
inhibited Rhizoctonia solana mycelial growth, such
inhibition being limited to 80% at a 500 mg/L con-
centration [32]. The inhibition was further reduced
to 50% by decreasing the polymer molecular weight
by hydrolysis, once the hydrolyzate at 500 mg/L was
applied. A minimal 20% of inhibition was obtained
by increasing chitin acetylation degree and delivering
it as colloid. Several studies confirmed these results,
highlighting the relevance of fungal type [48]. In vi-
tro inhibition of mycelial growth fluctuated in a sam-
ple of 14 different phytopathogenic fungi, depending
on acetylation degree and molecular weight of the
chitin derivatives assayed. Nevertheless, a tendency
towards growth inhibition was observed by increa-
sing both deacetylation and molecular weight of the
compounds tested.

Regarding the mechanisms of action of chitin and
its derivatives, it was established that free amino
group protonation on a slightly acidic medium enhan-
ced antifungal activity. Some authors point out that
the positively charged compounds interact better at
chromosome level, improving the expression of ge-
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nes involved in plant resistance [43]. It was also pro-
posed that the action occurred in an indirect manner
by making Ca®" inaccessible, essential nutrients and
minerals for the growth of filamentous fungi. There
are other reports on their interaction with the plasma
membrane, interfering with its functions as chelating
agents and modifying membrane permeability [49].
It is also suggested that the activity affects Rhizopus
stolonifer in influencing the balance between biosyn-
thesis and degradation of cell wall components.

Results obtained at INCA’s laboratories indicate
that chitosan and its oligomers completely inhibit Py-
ricularia grisea mycelial growth at 1 g/L and pH 5.0
in the culture medium [50]. Noteworthy, the pH of the
resulting solution affects the positive charge of amino
groups, since fungi growth was just slightly inhibited
at pH 6, while sporulation remained fully arrested
[17].

Similarly, the presence of chitosan at 1000 mg / L
affected the growth of Sarocladium oryzae by more
than 40% compared to control [S51]. Some studies
have remarked the relevance of fungi family and ge-
nus on its susceptibility to chitin derivatives, with cell
wall chitin content as a factor that explains the differ-
ences observed. Mycelial growth of some species as
Phythophtora parasitica are inhibited at low chitosan
concentrations (i.e., 100 mg/L), while other require
higher concentrations for significant inhibition (as
Fusarium oxysporum radici licopersicii, over 1 g/L).

Particularly, the artificial stimulation of plant de-
fensive mechanisms have been studied by adding chi-
tin derivatives as elicitors (elicitation), since they be-
come generally protected by systemic resistance from
several diseases [52].

Results from investigations in rice demonstrated
that seeds recovered with chitin derivatives increase
hydrolytic enzymes production, such as chitinases
and B 1,3 glycanases which degrade chitin and 1,3
glycans, respectively. As we know, these two types of
compounds are major cell wall components in most
phytopathogenic fungi [53, 54].

Besides, chitosan and its positively charged deriva-
tives stimulate plants to produce antifungal metabo-
lites [55]. In spite of these evidences, there are reports
on derivatives lacking positive charge, and even insol-
uble polymeric chitin, as inducing high levels of very
potent antimicrobial metabolites (e.g., phytoalexins).
Among these molecules are momilactones and oryza-
lexins, which completely inhibit Pyricularia grisea
Sacc at concentrations as low as 0.9 mg/L or even at
nanogram scale [32].

Other authors suggest that oligomers could be more
effective in plants, because of its smaller molecular
size which determines an easier root absorption, or
by foliar aspersion [42]. In spite of the advantages of
oligomers over the natural polymer, these criteria is
not absolute, as demonstrated by other works showing
the additional influence of crop type, pathogen’s prop-
erties (particularly cell wall composition), chitosan
acetylation degree and solution pH [56].

Several crops have been evaluated for protection
from diseases caused by soil fungal pathogens by de-
livering chitin derivatives. For example, chitosan pro-
tects pepper from Phytium aphanidermatum [57]. In
tomato, partially acetylated chitosans delivered either
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by seed or foliar routes induced hydrolytic enzyme
production and reduced Fusarium oxysporum licoper-
sici-caused lesions [55]. Other authors found a lower
incidence of diseases in wheat and rice, leading to
significantly increased production yields [58]. Protec-
tion was also detected in peanut, as well as defensive
mechanisms [59].

Noteworthy, most of these investigations used chi-
tosan and its derivatives seeking for protection, but
it was clearly established that acetylation is essential
to induce production of hydrogen peroxide and other
oxygen reactive species. These metabolites are the
key components triggering enzymatic reaction path-
ways which ultimately lead to systemic resistance in
plants [60].

Although uncharged, chitin and its fragments are
potentially protective in plants, mostly in monocoty-
ledonous. Chitin but not chitosan oligomers promote
several defensive reactions in rice, wheat, arabidop-
sis, water melon, bean, soybean and peanut [34, 58,
61, 62]. These responses include the accumulation of
pathogenesis-related proteins (e.g., phenylamonium
lyase (PAL) and P 1,3 glycanase, chitinase and per-
oxidases [41]), synthesis of protease inhibitors and
phytoalexins [63], lignification [64], callose synthesis
and hypersensitive cell death reaction [65].

Antiviral activity

Chitin derivatives display antiviral activity, specially
the cationic ones which are very potent at inhibiting
locally-produced virus injuries. Its action is attribu-
ted to virus infection dependence on surface charge
[66]. Nonetheless, neither acetylation nor molecular
weight correlates with antiviral activity, since acetyla-
ted chitin oligomers inhibited the mosaic alfalfa virus
in bean at 0.01%. Additionally, the antiviral activity
varies among plant species. Evidences point towards
two mechanisms: i) interference with virus adhesion
to leave surface; and ii) systemic transmission of re-
sistance to other plant organs, mediated by different
enzymes as peroxidase [67, 68].

Noteworthy, these compounds protect plants not
only from mechanically but also from vector-borne
diseases [56].

Remarkably, 1% chitosan sprays were able to pro-
tect tomato from viroids, a very destructive and hard-
to-treat plant pathogen [69].

All these results are very valuable for agriculture,
due to the almost absolute lack of chemicals able to
control plant viral infections.

Anti-bacterial activity in plants

Chitin derivatives can also protect plants from bacte-
rial diseases. In vitro studies demonstrated that chito-
san and chitin cationic derivatives inhibit growth of
11 different bacteria at concentrations ranging 0.008
to 0.25%, with direct inhibition mainly depending on
bacterial type and the derivative used [70]. Other re-
ports showed that cationic derivatives inhibit growth
of either gram-positive or -negative bacteria, while
the anionic ones require 15-fold concentrations for
similar effects [71]. These authors also detected an in-
verse correlation between chitosan molecular weight
and growth inhibition, in agreement with other reports
regarding anti-bacterial activity as dependent on the
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assayed bacterial type and the molecular weight of the
compounds.[72].

Moreover, the efficiency of chitosan application to
inhibit bacterial infection in tomato was demonstrated
as depending on chitosan concentration (inhibition
achieved at 0.1%) and timing prior to infection [73].

In other experiments using cationic and anionic
chitosan derivatives sprayed on tomato leaves, Pseu-
domonas syringae pv. infection was inhibited 60 to
70% with cationic, while the anionic ones were irrele-
vant for disease progression. Since some of the catio-
nic derivatives did not inhibit bacterial growth in vitro
but did in vivo, it was suggested that they bear a dual
effect, both inhibiting bacterial growth and inducing
natural defensive mechanisms in plants [56, 74].

Nematicidal activity

Nematodes have been effectively controlled 0,008
aby applying chitin and chitin-like compounds to
soils [75]. Once added, chitinolytic microorganisms
tend to proliferate, destroying nematode eggs and de-
grading the chitin-containing cuticle of young nema-
todes [76]. Moreover, chitin material increase ammo-
nia emissions upon mineralization, at concentrations
toxic enough for nematodes, decreasing its population
and subsequently reducing their damage to plant roots
[77]. This last effect was corroborated by adding ni-
trification inhibitors, which protect soil-added chitin
from degradation and further decrease nematode-
mediated damage [78]. As previously mentioned, the
increased chitinolytic microbial population resulted in
high nematicidal activity in soil, reducing nematode
injury in tomato plants [45].

Nematode mortality is remarkably higher for chi-
tin than chitosan, this last of higher nitrogen content,
suggesting that the effect of increased populations of
nematophagous and nematicidal microorganisms pre-
vail over that of ammonia at toxic levels. [79].

This led to designing enhanced chitin derivatives as
the chitin-protein complex, taking advantage of both
nematicidal mechanisms. Results showed an effecti-
ve gradient for nematicidal activity of chitin-protein
complex > pure chitin >> chitosan when assayed
against nematodes of the Heterotera genus [79].

Post-harvest protection of crops

Chitin derivatives, and particularly chitosan, protect
fruits from post-harvest diseases, being used as solu-
ble additives to provide anti-microbial properties and
capable of forming gas semi-permeable films [30].
Soft rot damage is significantly reduced in toma-
to by coating with chitosan films [39]. Pre-harvest
treatment in strawberry decreases infection levels and
improve fruit quality [80, 81]. In carrots, chitosan
application three days prior to Sclerotina sclerotium
inoculation decreases pathogen incidence, resulting
in smaller lesions [82]. Studies in chitosan-treated pe-
pper at storage conditions showed that the gray mold
appeared seven days after than in untreated fruits [83].
Chitin derivatives were not only used to coat fruits but
also to increase quality of sliced fruits as shown in
studies of sliced red pitayas [37] and mango [37, 84].
In general, chitosan has shown a behaviour similar to
that of chemical fungicides, so it can be used instead
of them, with the advantage of being a biodegradable
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product [85]. The use of these alternatives in agricul-
ture is due to the lower production costs of chitin de-
rivatives and its advantages over the currently applied
phytosanitary products.

Enhanced biopesticides

Many antagonist organisms and natural biological
controls exert their biological activity through chitina-
se and hydrolase enzymes secretion [86]., Chitin and
its derivatives certainly increase their production by
microorganisms such as Tricoderma sp. and Bacilus
sp., enhancing its efficiency to control pathogenic mi-
croorganisms and pests [87]. For instance, the control
of the disease was better achieved by applying a bac-
terium together with the polymeric chitin in peanut
than the one obtained with the microorganism alone.
[34]. A better control in Phytophthora fragaria was
also obtained with the application of chitin although,
the time of exposure to chitin is relevant for the con-
trol attained [88].

In fact, native populations of biocontrol microor-
ganisms become increased by adding chitin in soils
infected with pathogenic agents. Thereafter, these en-
dogenous control strains can be isolated, cultured and
potentially used as biological controls, as demonstra-
ted against actinomycetes in sandy soils [89].

Other authors have also demonstrated a significant
increase in chitinolytic microorganisms even in very
infertile soils like in dunes, improving soil microbiota
and its properties [90].

Indeed, chitinases are enzymes relevant for bio-
pesticide control mechanisms, being the hydrolysis of
chitin-containing media a common practice to evalua-
te the efficiency of bioinsecticide organisms.

It has been considered to add chitin derivatives
to formulations containing these microorganisms to
increase biopesticide effectiveness, to provide a fa-
vorable developmental environment and resistance
against adverse conditions [46]. All these actions can
contribute to improve the use of biological controls
in agriculture.

Plant nutrition and soil fertility

Chitin and its derivatives show additional properties
among carbohydrates, as nitrogen content and, there-
fore, a low C/N ratio [1]. This characteristic supports
soil microorganism proliferation, especially of those
bearing chitinolytic and proteolytic metabolism as
actinomycetes. In fact, half the chitin added to the
soil becomes mineralized in less than four weeks, a
result closely related to soil pH, humidity and organic
material [90]. Its addition increases both prokaryote
and eukaryote microbial populations and their activi-
ties, since they are altogether involved in chitin mine-
ralization, including populations of nitrogen fixation
microorganisms, and methane, carbon dioxide and
dinitrogen monoxide emissions are raised [91, 92].
Many of these chitinolytic organisms establish bene-
ficial symbiotic interactions with plants, as mycorrhi-
za and Rhizobium spp., favoring vegetal absorption
of certain nutrients and especially nitrogen fixation.
For example, amendments of chitin together with
fertilizers as urea have been used to improve soil mi-
crobiota, to control pathogenic organismsandtostreng-
then plant nutrition, all these showing better results
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than the controls in tomato, carnation and grazing
[76, 77, 88].

Biofertilization enhancement

As previously suggested, chitin has been used to en-
hance beneficial plant-microorganism interactions as
mycorrhization, increasing it up to 20% resulting in a
significant increase of the performance. [74, 75]. This
result was used to generate Ecomic, a Cuban mycorr-
hiza-based biofertilizer. [93]. It is suggested that the
addition of chitin could accelerate the first step in the
establishment of mycorrhizal infection, which invol-
ves breaking the fungal cell wall by plant chitinases.

On the other hand, and as mentioned above, no-
dulation factors essential to establish a productive
symbiotic legume-Rhizobium interaction are partially
composed of chitin oligomers [15]. Certainly, N-ace-
tylation of these molecules is a precondition to display
biological activity, while structural differences among
these compounds serve as specie-specific signatu-
re determining the Rhizobium to legume association
[35]. Further research must address this theoretical
knowledge to avoid divergences when extrapolating
in vitro laboratory results obtained under semi-contro-
lled conditions to field applications.

Regulation of vegetal growth and development

Favorable changes are induced by chitin derivatives in
plants and fruits metabolism. For example, chitosan-
treated tomato seeds show accelerated germination
and produced highly vigorous seedlings [94]. This
effect was also observed in cereals [95], and specifi-
cally in wheat and rice, where yields were increased
at field conditions, these results are being currently
scaled up to marketable levels [58].

Our researches revealed that the chemical nature
of chitin can significantly influence vegetal growth
[96]. Colloidal chitin, a degraded variant of the poly-
mer, accelerated seedling growth in tomato during the

first 15 days as compared to the much more slowly-
degraded chitin-protein complex (remaining attached
to proteins). Nevertheless, plants treated with this last
compound were more vigorous and taller 30 days af-
ter treatment. Either the case, plants treated with chitin
derivatives showed a faster development than the un-
treated ones. Soybean seeds coated with depolymeri-
zed chitin increased harvest yields in 118% compared
to the control [61], and a relatively similar behavior
was observed in carrot. These effects of chitin deriva-
tives on vegetal growth led some groups to consider
chitin as an exogenous oligosaccharin modulating the
physiological response on these crops.

Conclutions

The ubiquity, biological and biocompatible properties
of chitin and its derivatives settle them up as promi-
sing alternatives for agriculture. Further research is
required for laboratory results obtained under contro-
lled conditions in Cuba and other countries to become
agricultural practice. Its antiviral activity, together
with the rest of recently-discovered properties are
highly demanded in agriculture, while others, more es-
tablished and still underestimated characteristics (e.g.,
antifungal and nematicidal activities) could result in
great steps towards sustainable agricultural practices,
by decreasing the use of chemical synthetic pesticides
and bringing a new focus to modern phytopatholo-
gy. Symbiotic interactions of these compounds could
readily impact on agriculture production yields. They
could be significantly useful under adverse condi-
tions as in low fertility, high salinity and heavy metal-
contaminated soils, as in those affected by prolonged
drought because of climatic changes. Of course, all
these depend on gaining the focus of researchers, far-
mers and producers on these compounds potentiali-
ties. In this sense, future developments for delivering
chitin and its derivatives at field scale will irremissi-
bly be among the new challenges to overcome.
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