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ABSTRACT

Earthworms remain valid as an object of study and the information generated is diverse. This review summarizes the overall situation of
vermitechnology in Mexico, gathering theories that have been offered and techniques that have been developed for urban waste manage-
ment, agro-industry, manures, toxicity tests, removal of substances such as peptides and soil remediation, as well as other techniques, that
show corrective, preventive or improvement actions with environmental, social and economic involvement, promoting sustainable

development.
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INTRODUCTION

Modern agriculture has created substantial harmful effects
on air, soil, water and biodiversity, making it one of the lar-
gest polluting sectors (Bellarby et al. 2008). Given the huge
ecological footprint of industrial agriculture, environmen-
talists have advocated better management practices, such as
sustainable agriculture that emphasizes on farming practices
that protect soil, water and biodiversity. Sustainable far-
ming has come to be viewed as an eco-friendly alternative
to modern agriculture (Hiranandani 2010).

The degradation and inadequate administration of soil
are threatening the opportunities and flexibility to increase
the uses of this resource (Dumanski and Pieri 2000; Tilman
and Lehman 2001). Recently, great interest has been shown
in the development of novel, eco-friendly processes, based
on the use of biological systems, among which earthworm
breeding stands out (vermiculture or worm composting).
This biological route has proven to be successful in the pro-
cessing of sewage sludge (Nauhauser et al. 1988; Domin-
guez et al. 2000 and Dominguez 2004; in Dominguez and
Ed-wards 2004), inactivation of pathogenic organisms in
sludge (Teixeira 2007), and a great variety of human, agri-
cultural and livestock residues, which constitute a serious
soil pollution problem (Atiyeh et al. 2000b). Reusing waste
materials and taking advantage of their energy rather than
simply disposing of them, have become priorities (Spinosa
2007; Sperling and Andreoli 2007).

Vermicompost (VC) has a great potential in horticulture
and agriculture (Edwards et al. 2004) for the improvement
of soil characteristics (pH, organic matter increase, porosity,
and nutrient retention capacity), constituting an alternative

due to its physical, chemical, biological (Atiyeh et al. 2002),
and nutritional characteristics (Orozco et al. 1996), as well
as characteristics related to the elimination of plagues and
diseases. In addition to being a quality organic fertilizer, it
allows replacing synthetic fertilizers and has great moisture
retention capacity (Atiyeh et al. 2000a; Brown et al. 2000).

This work basically shows the results and conclusions
of research studies conducted in Mexico during the last
decade, which have evaluated earthworm performance in
the transformation of different types of waste, the potential
of VC in the yield of different agroforestry products and as
a soil improver, and pathogen inhibition-removal efficiency
of earthworms.

VERMICOMPOST: EVALUATION OF
AGRICULTURAL AND FOREST RESOURCES

Romero-Lima et al. (2000) point out that the application of
high doses of VC does not produce good results in potato
culture; however, at the recommended dose of fertilizer
(165-200-300), a higher N concentration is obtained as well
as better biological quality due to increased protein content.

Velasco-Velasco et al. (2001) showed that VC alone and
inoculated with fungi (Glomus intraradix) and bacteria
(Azospirillum brasilense) in the production of tomatillo has
a positive effect on photosynthetic rate, dry matter accumu-
lation, and yield, exceeding the control by 120% in total dry
weight and by 26% in yield, with the VC - G intraradix
fungus combination.

Reyes et al. (2002) tested the application of VC and
inoculation with mycorrhizal fungi in the propagation pro-
cess of avocado in greenhouse. They evaluated the applica-
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tion of unmixed VC in the growth substrate, which con-

sisted of a mixture of orchard soil + forest soil + vermiculite,

and the application of mycorrhizal fungi in plants without
transplanting. As a reference, they conducted inoculation
with mycorrhizal fungi in transplanted plants. They ob-
served that the application with VC was effective in in-
creasing graft growth, increasing final height from 39.6 to
48.0 cm. Nitrogen fertilization did not exceed the treatment
with worm compost. The fungi application was not effec-
tive, and transplanting delayed grafting by 50 days.

The serious environmental pollution problems created
by slaughterhouse wastes such as blood and rumen contents
led Abraham-Gutiérrez et al. (2004) to evaluate the poten-
tial of such wastes as organic fertilizers. They evaluated the
use of blood meal and VC from bovine rumen content in
jicama (Pachyrhizus erosus L.) cultures. They determined
that VC from rumen content did not produce favourable
yields in this type of crop, but that it did produce high
yields when combined with wood ash and blood meal.

Moreno-Reséndez et al. (2005) evaluated the produc-
tion of tomato (Lycopersicon esculentum Mill var. ‘Flora-
dade’) under greenhouse conditions with VC generated
from different manure sources, pointing out that com-
mercial growing media can be replaced by mixes that in-
clude different VC concentrations. VC/sand mixtures at
ratios of 25:75 and 50:50 (weight %), corresponding to VC
prepared with a) horse manure, b) horse manure + goat
manure with alfalfa straw (1: 1), ¢) goat manure with alfalfa
straw, and d) goat manure with alfalfa straw + garden waste
(mainly grass and leafs) managed to meet the nutritional
demand of the tomato crop. The obtained results allow us to
consider that nutrient solutions prepared with highly soluble
inorganic salts, which are traditionally used in hydroponic
production systems, can be replaced by products such as
VC, of which content of nutrient elements could meet the
needs of plant species (Moreno-Reséndez et al. 2005).

Toral et al. (2005) evaluated the yield of roselle with the

application of different amounts of VC from bovine manure.

The best treatment was with 3.5 ton/ha and the second best
was 2.0 ton/ha.; both in a single application, 15 days before
sowing. They concluded that the incorporation of organic
matter through VC humus will promote soil recovery and
the conservation of natural resources.

The work of Lépez-Moctezuma et al. (2005) shows that
soils enriched with coffee-pulp VC (40%) and inoculated
with arbuscular mycorrhizal fungi (AMF) or with AMF +
Bacillus pumilus exhibit technological prospects in papaya
(Carica papaya L.) propagation.

Valencia-Maldonado et al. (2006) characterized three
types of substrate (soil from the Ticoman Lagoon as the
control, VC from fruit and vegetable residues, and soil from
the Ticoman Lagoon + chemical fertilizer), and evaluated
adaptation to transplanting, growth, survival, and number of
leaves on the Mexican giant hyssop (Agastache mexicana)
plant in these substrates. The best yield was observed with
VC, and its microbiological quality makes it a substrate
suitable for use in the cultivation of plants for therapeutic
use.

Marquez-Hernandez et al. (2006) evaluated different
mixtures of VC with sand or perlite under greenhouse con-
ditions in the production of cherry tomatoes (Lycopersicon
esculentum Mill). The four best mixtures were VC: sand
(50: 50), and VC with perhte at 25, 37 and 50%, obtaining a
better yield (48.507 t/ha™) than that obtained in the field.

The objective of the work of Valdez-Pérez et al. (2006)

was to evaluate the source of nitrogen in stabilized biosolids,

VC and inorganic fertilizer, in the production of bean plants
under greenhouse conditions. The highest concentration of
N-NO; was observed in the treatment with VC, as was the
highest nutrient availability, showing h1gher plant dry
weight and growth velocity (0.54 cm day™).
Rodriguez-Dimas et al. (2007) evaluated the yield and
quality of the tomato crop (Lycopersicon esculentum Mill.)
in the autumn-winter cycle of 2004-2005, in Big Beef and
Red Chief genotypes grown under greenhouse conditions.
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This study showed that treatments with VC and micronutri-
ents, and treatments with VC extract can be suitable for
tomato production in greenhouses, combined with organic
fertilizers.

The quality of the fruit produced using organic sub-
strates allows reducing and avoiding the transition period
that is required for field production. Marquez-Herndndez et
al. (2008) mention that when producing organic tomato in
greenhouse, its yield exceeds that of tomato grown in the
field by 9.14-fold.

Rodriguez-Dimas et al. (2008) evaluated VC + sand at a
ratio of 1:1 + chelated micronutrients (S1), VC + sand,
without micronutrients (S2), and sand + inorganic nutrient
solution (control) (S3), in the production of two tomato
hybrids under greenhouse conditions. With S1, they
achieved a higher content of soluble solids and pericarp
thickness in the fruit than with the other two substrates,
concluding that this mixture could be a viable option for
producing organic tomato in greenhouse.

Moreno-Reséndez ef al. (2008) determined the opti-
mum concentration of the VC:sand mixture that meets the
nutritional needs of two tomato (Lycopersicon esculentum
Mill.) genotypes, using as control sand with the Hoagland
nutritional solution. The highest yields were observed in the
Adela genotypes (17.37) in sand and nutrient solution, and
the André genotype (17.05 kg m™) in a mixture of VC:sand
at a ratio of 12.5: 87.5. The largest fruits were obtained with
the genotype André in the VC: sand mixtures at 12.5: 87.5
and 50: 50. The researchers suggest that VC has physical
and chemical characteristics that allow developing tomato
genotypes with characteristics similar to the Hoagland nut-
ritional solution, diluted to 50% of its normal concentration.

Options for the diversification of horticulture in high
tropical regions can be found in floriculture. Cruz-Castillo
et al. (2008) evaluated the effect of different types of worm
compost (coffee pulp + bovine manure; coffee pulp +
poultry manure + sugar cane bagasse) on growth and post-
harvest life of the ‘Green Goddess’ calla lily. They pointed
out that the use of worm compost as substrate significantly
increased spathe size (length and width), and scape and
spadix length, compared to the treatment with chemical
fertilizers and Organozyma”. Likewise, calla lilies produced
a greater number of shoots at a higher worm compost
concentration.

The production of tomato (Lycopersicon esculentum
Mill) in greenhouse conditions has also been evaluated by
de la Cruz-Lazaro et al. (2009), in substrates elaborated
with mixtures of compost and VC with sand. The highest
average yield (39.811 t ha) was obtained with compost
generated from the decomposition of bovine manure, corn
(Zea mays L.) stubble, elephant grass (Pennisetum purpu-
reum Schumacher) and black soil (CEMZT) at 75% + sand,
and VC from manure, Bahia grass (Paspalum notatum
Fliigge) and black soil (VEPT) at 100 and 50% + sand. This
yield was higher than that recorded in organic tomato field
production, without affecting fruit quality.

Moreno-Reséndez ef al. (2010) evaluated the develop-
ment of muskmelon (Cucumis melo L.) using 4 types of VC
generated with Fisenia fetida from animal manure (horse,
goat, rabbit and bovine) mixed with river sand, as a substi-
tution for synthetic fertilizers. They determined that greater
VC percentages (independent of manure source) had sig-
nificant effects on yield, fruit weight, equatorial and polar
diameters, pulp thickness, placenta cavity, and days to har-
vest. They concluded that VC, independent of source, met
the nutritional demand of muskmelon, since no synthetic
fertilizer was used.

Rodriguez-Canché et al. (2010a) evaluated VC produced
from residual sludge from septic systems in the production
of habanero pepper seedlings, as compared with the com-
mercial substrate peat moss. They discovered that the lar-
gest increases in seedling height (9.58, 9.28 and 10.58 cm)
were obtained with 100% sewage sludge VC substrates,
generated w1th the different earthworm densities (1.0, 2. 0
and 2.5 kg'm’, respectively) and that the highest values of



Vermitechnology in Mexico. Rodriguez-Canché and Cardoso-Vigueros

agriculturally important nutrients were observed in the sub-
strates that contained the highest amounts of VC.

Altamirano and Aparicio-Renteria (2002) evaluated the
effect of VC as an alternate substrate, combined with mine
soil and forest soil, on the germination and initial growth of
Pinus oaxacana and Pinus rudis. They determined that,
mainly, the substrate made up of 30% mine soil, 20% forest
soil + 50% VC from coffee produced the best initial growth
results for both species. No significant differences were
determined in relation to germination between the evaluated
treatments.

VERMICOMPOST: SOIL IMPROVER

With the objective of improving soil conditions, Félix-Her-
ran et al. (2010a) compared the quality of mature composts
generated from chickpea residues (CH), tomato shoot (T),
soybean residues (S), neem tree pruning residues (N), and
garden grass pruning residues (G), and mixtures of these
materials, VC generated from plant residues and bovine
manure, and VC generated from sugarcane bagasse with
bovine manure, based on their physical, chemical and or-
ganic properties. VC from sugarcane bagasse showed the
highest water-holding capacity (98.5 mL H,0/100 g of
compost). They concluded that this compost, as well as
composts S, N, G and CHT, could make good plant covers,
and that both vermicomposts could be used for nutrient in-
corporation (nitrogen and phosphorus) instead of being used
for activation of soil microflora, due to their low content of
humic substances in relation to the others.

Félix-Herran et al. (2010c) determined the respiration
rate and microbiological properties (total fungi and bacteria,
and chitin-, cellulose- and pectin-degrading microorga-
nisms) of ten mature composts originating from tomato
(Lycopersicum esculentum), common bean (Phaseolus vul-
garis), chickpea (Cicer arietinum), neem (Azadirachta
indica), a mixture of garden grass (Cynodon dactylon),
neem-chickpea, bean-chickpea and a mixture of all of the
above, VC from plant residues (market waste), and VC
from sugarcane bagasse (Saccharum officinarum). The
results indicate that the properties of the different composts
vary depending on the organic matter from which they
originated, and that the composts show a greater abundance
of bacteria than of fungi, and higher growth rates at acid pH
than at neutral pH, in addition to their effect as soil micro-
flora activators.

VERMICOMPOSTING: LEACHATE

The water that is used to maintain the moisture levels that
are required for earthworms to participate in the organic
matter decomposition process generates leachates, which
are a product of the washing of compounds and soluble sub-
stances. Garcia-Gomez et al. (2008) researched the manner
in which the dilution of VC leachates combined with dif-
ferent concentrations of NPK triple 17 and polyoxyethylene
tridecyl alcohol as dispersant and polyethylene nonylphenol
as adherent increases fertilizer intake efficiency, affecting
corn plant development. The VC leachate was pathogen-
free and resulted in a germination rate of 65%. Leachate
diluted to 50% and mixed with 170 g of NPK was best for
plant development and germination (65%), whereas the dis-
persant and adherent did not have significant effects. They
concluded that VC leachate can be used as liquid fertilizer
in corn crops when mixed with fertilizer, and that in ad-
dition to microelements, it contains humic and fulvic acids,
which promote growth.

Other studies with VC leachates have been conducted
by Moreno-Reséndez ef al. (2009), who showed that their
application complemented conventional fertilization and
that it had significant effects on watermelon crop yield.
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VERMICULTURE: EARTHWORM GROWTH AND
PATHOGEN INHIBITION-REMOVAL

Santamaria-Romero et al. (2001) conducted a study to eval-
uate the quality of and differences between compost and VC,
analyzing C-organic and N-total dynamics, and studying
their relationship with microorganisms during the produc-
tion of compost and VC from grass clippings mixed with
rabbit manure (3: 1). pH (8.5) and electrical conductivity (8
dS m™) caused damage to earthworms and microorganisms;
the most notorious loss of nitrogen occurred in VC.

Santamaria-Romero and Ferrera-Cerrato (2002) eval-
uated the population dynamics of the earthworm FEisenia
andrei in different substrates, and concluded that organic
market waste is an excellent nutritional substrate for this
type of earthworms, given that an increase of over 1200%
was achieved in respect to the inoculated amount (1000
organisms'm™), in only four months.

Gutiérrez et al. (2007) evaluated the population dyna-
mics of the earthworm Eisenia foetida, fed with fresh and
composted manure from cattle fed on ground stubble and
multinutrient blocks, and from sheep fed corn silage and
concentrate. The treatments were: T1. Composted bovine
manure, T2. Composted sheep manure, T3. Fresh bovine
manure, and T4. Fresh sheep manure. The response varia-
bles were: temperature, pH, number of cocoons, total bio-
mass, and number of adult and young earthworms. In fresh
manure, the earthworms died during the first three days (P <
0.05). The composted bovine manure showed the highest
number of cocoons (201.75 + 94.46), as compared with the
composted sheep manure, which showed a lower number of
cocoons (89.0 £ 11.74); however it did have highest adult
earthworm viability (81.75 + 16.47) as compared with the
composted bovine manure (45.25 + 15.19). They concluded
that composted manures are better than fresh manures as far
as earthworm population dynamics is concerned.

The dynamics and quantification of groups of bacteria
that participate in the biodegradation of tequila agave
bagasse have been studied. Rodriguez-Macias et al. (2005)
showed that, independent of the process (composting and
vermicomposting) and treatment that were used, the number
of colony-forming units, fungi, and actinomyces decreased
significantly with respect to time, obtaining bio-fertilizers
that can be used in agriculture.

Contreras-Ramos et al. (2005) evaluated the efficiency
of Eisenia fetida in the reduction of pathogens and toxic
organic compounds from textile industry waste, household
waste, cow manure and oat straw. The earthworm humus
that showed the best stability after two months was obtained
with 1,800 g of straw, 800 g of manure and 70% water con-
tent. This earthworm humus, which had less than 3 CFU of
Salmonella spp. and no fecal coliforms, Shigella spp. or
helminth eggs, showed an 80% germination rate for cress
(Lepidium sativum).

The presence of Salmonella in biosolids and VC applied
to the soil compromises the safety of fresh agricultural
products and the health of fieldworkers. Espinoza et al.
(2006) determined the survival rate of Salmonella typhi-
murium in VC and biosolids, simulating the introduction of
this bacterium from an external source. They concluded that
the biosolid and VC microflora inhibits the survival of S.
typhimurium, thus reducing the possible risk of contamina-
tion of fresh produce and negative effects on the health of
farm workers.

Villa-Briones et al. (2008) tested the effect of VC and
manure for the management of the false root-knot nematode
Nacobbus aberrans under greenhouse and field conditions.
Their incorporation significantly reduced root gall index (27
and 40%, respectively) of tomato (Lycopersicon esculentum
Mill.), compared with the control, increased root volume
(13.1 and 14.7-fold), root dry weight (5.8 and 7-fold) and
shoot dry weight (1.6 and 1.9-fold), whereas root necrosis
was reduced (28.5 and 25%, respectively). Benefits in the
field were generally observed in soil improved with VC.

The microbiological role of VC from sugarcane bagasse
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and plant residues in the growth inhibition of the fungi
Fusarium oxysporum, Rhizoctonia solani and Pythium sp.
has been evaluated by Félix-Herran et al. (2010b). Both
vermicomposts showed a good inhibition of F. oxysporum,
whereas a smaller inhibition halo was observed in Pythium
sp. and none in R. solani.

Rodriguez-Canché et al. (2010b) evaluated the potential
of the earthworm Eisenia fetida in the removal of pathogens
(fecal coliforms, helminth eggs, and Salmonella) from sep-
tic sludge. Three densities (I, 2, and 2.5 kg m™) were eval-
uated. After 60 days, the earthworms reduced pathogen con-
centrations to permissible levels, producing class A bio-
solids according to Official Mexican Standard NOM-004-
SEMARNAT-2002 on Environmental Protection.

CONCLUSION

The efficiency of VC has been studied considerably more in
agricultural than in forest products, tomato being the favou-
rite resource. Although no reference is made to particular
locations in this review, most of the studies have been con-
ducted in the north and center of Mexico, showing that VC,
both as a process and as a product, has broad potential in
this country.
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