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INTRODUCTION

Soils of permanent grasslands have the largest 
accumulation of OM within the first 15 cm, which mainly 
comes from litter of the green covering and from roots 
that die and then grow again (Liu 2006).  

The largest population and biological activity 
of the soil coexists in this layer, which is the most 
superficial. Worms, coleopteran, coprophagous, 
termites, hymenopterans, fungi, actinomycetes and 
bacteria have larger populations and interact in the 
general activity of organic matter decomposition 
and energy transference, where the internal nutrient 

recycling of these ecosystems is mostly produced 
(Cabrera et al. 2011).     

Animal excretions, volatilization of N within them, 
nitrate leaching, rain water and others are essential for 
nutrient recycling (Rodríguez et al. 2005 and Rodríguez 
et al. 2008).  

The objective of this review is to carry out an updated 
analysis of the functioning of different ways of recycling 
nutrients in permanent grasslands, and of the state of 
knowledge regarding modeling and simulation of this 
process.

MAIN FUNCTIONS OF SOIL ORGANISMS IN RECYCLING NUTRIENTS

The activity of the different functional groups that 
compose the soil macrofauna, such as worms (soil 
engineers), dentritivores, herbivores and predators, allow 
the regulation of edaphic processes and functioning and 
balance of the ecosystem(Zerbino et al. 2008).

When researching the functional composition of 
edaphic macrofauna in four different land uses, in which 
permanent grasslands are included, Cabrera et al. (2011) 
confirmed that, in most cases, worms and/or dentritivores 
had higher density and dentritivores and/or herbivores 
had higher biomass in occidental provinces of Cuba. 
Proportion among functional groups depended on the 
intensity of land use, disturbance level of the edaphic 
environment and resources availability. In the quoted 
study, the Coleopteran order had the highest variety 
of all the functional groups (predatory, herbivorous 
and dentritivorous families) in soils with permanent 
grasslands and influence of larvae and adults.

Villalobos (2000) pointed out that each development 
stage (larvae or adult), in different soil organisms, has 
an exclusive function in the edaphic environment. These 
authors also highlighted Elateridae and Melolonthidae 
as the most common families of Coleopteran, with 
larvae and/or adults within the edaphic profile. Other 

important families are Curculionidae, Tenebrionidae, 
Nitidulidae, Carabidae and Staphylinidae (Menéndez 
2010). Coleopteran larvae, with their habit of endogeous 
life, can be involved in the transformations of soil 
physical properties, and adults mainly use the useful 
resources of the surface. 

Coprophagous coleopterans (Scarabaideae) are 
insects that actively participate in nutrient recycling, 
which turns them into an essential element of ecosystems. 
When they burry themselves and consume excretions, 
these coleopterans increase the rate of nutrient 
recycling and soil aeration (Martínez et al. 2011). Dung 
decomposition within grasslands provides nutrients to 
soils, which benefits and increases pasture productions 
(Aarons et al. 2004 and Rodríguez et al. 2005). 

Dung degradation depends on biotic factors, like 
coprophagous fauna, and on abiotic factors: temperature, 
rain and soil humidity (Arduaga and Huerta 2007 
and Yamada et al. 2007). Insects, dung beetles, ants, 
termites, and flies mainly participate among the biotic 
factors, but there are some other animals, like worms 
and earthworms (Freymann et al. 2008).   

The composition of this fauna varies according to 
climatic and regional conditions. Dung beetles and worms 
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are the main dung degrading animals of temperate areas, 
while termites have an active participation in dry tropical 
areas (Freyman et al. 2008). Instead, dung beetles have a 
wide participation in humid tropical areas (Yamada et al.  
2007).                                                                                                                                                                       

The speed of dung disappearance in grasslands 
depends on the season in which it is deposited on the soil. 
In tropical areas, degradation process is fast, but varies 
depending on the season. In Nigeria, during the rainy 
season, 80% of the dung is degraded after six weeks, 
while only 5 % in the same time during dry season 
(Omaiko 1981).  Similar dung decomposition rates, 
during both seasons, have been found by Rodríguez et 
al. (2003) in Cuba, and more recently by Crespo (2013). 
However, in Costa Rica, 70 % of the dung is degraded 
after seven weeks during rainy season while only  
30 % is degraded after the same time during dry season 
(Herrick and Lal 1996).

In tropical areas of Veracruz, Mexico, where the fauna 
of coleopterans is abundant and diverse (Montes de Oca 
2001), most of the cattle dung degradation in the rainy 
period was performed in the first four and eight days after 
its deposition. In this period, dung beetles Euonitricellus 
intermedius, Digitonthophagus gazella and Copris incertus 
were more abundant. Dung degradation was slower during 
dry periods than during rainy periods. Abundance of dung 
beetles was also lower during dry periods, although E. 
intermedius and D. gazella were still present.

Among the microorganisms, actinomycetes have an 
important role in sustainability of natural and agricultural 
systems. They participate in decomposition of OM and 
recalcitrant compounds, like lignin and take part of the 
biological fixation of N, agrochemical degradation, 
and plant and animal control. Cardona et al. (2009), 
in Colombia, found that abundance of actinomycetes 
varied depending on vegetation type and soil depth, 
presumably associated to the presence of worms and 
to other physical and chemical characteristics, related 
to soil fertility, like OM content, total changeable basis 
and cationic exchange capacity. Estreptomices genre 
was the most abundant in all studied cases. According 
to Boudemagh et al. (2005), 75 % of total population 
of the species belonging to this genre has the ability 
of producing molecules with antibiotic activity. In all 
studies, the highest amount of actinomycetes has been 
found between 1 and 20 cm deep.

Researches carried out in tropical grasslands have 
demonstrated that animal production systems, based 
on the use of improved pastures in association with 
legumes, have had a positive effect on macrofauna 

activity and, specially, on worm population, which 
increased its biomass from 4.8 to 51.1 g/m2 (Decaens 
et al. 2001). In a research carried out in Peru, Sánchez 
and Ara (1989) found that the population of organisms 
within the soil increased after six years of grazing 
in a management system of Brachiaria decumbens, 
associated with Desmodium ovalifolium. These authors 
found that invertebrate fauna increased from 194 to 
346 individual/m2, when a rotational grazing system 
was applied for four consecutive years, and soil was 
fertilized by itself due to animal depositions and litter. 
This result was improved after the introduction of 
tree legumes in these areas, which provided a proper 
microclimate that favored a higher colonization of 
individuals from macrofauna, specially, the presence of 
orders with great economic and ecological importance, 
like earthworms and coleopterans (Sánchez and Milera 
2002).    

Rodríguez et al. (2002) pointed out that the 
establishment of Leucaena leucocephala in Cuban 
grasslands increased macrofauna populations from  
36.28 individuals/m2 (area without  L. leucocephala) to 
181.28 individuals/m2 (area with L. leucocephala) and 
also its biomass from 11.89 g/m2 to 41.49 g/m2. This was 
mainly related to the quality of litter produced by this 
legume, although other factors may also have influenced 
on this result, like climate regulation, diversity of species 
and the superior soil humidity retention. Hernández and 
Sánchez (2006) evaluated the performance of different 
chemical and biological indicators in a wide amount of 
cattle rearing units from occidental areas of Cuba and 
found that introduction of trees in grasslands contributed 
to increase density and biomass of individuals from soil 
macrofauna, which influenced on nutrient content. After 
ten years of exploitation, soil of silvopastoral systems 
presented higher content of organic matter, compared to 
monoculture of grasses. Dueñas et al. (2006) also found 
similar results.

Regarding functional aspects of organism diversity 
in grasslands, Bardgett and Walker (2004) stated 
management strategies directed to manage soil biota to 
stimulate resilience in autorregulation of the ecosystem. 
Out of these researches, it can be inferred that grassland 
systems are optimal for increasing biological diversity 
of soil and achieving functional autorregulation of the 
ecosystem. Further studies are needed for demonstrating 
the hypothesis that soil biodiversity is positively related 
to stability and for clarifying the relations among 
productivity, community integrity and functioning of 
soil biological communities.

MAIN FACTORS INFLUENCING ON NUTRIENT RECYCLING FROM GRASSLAND LITTER

soil surface (Sánchez et al. 2008).  Litter is distributed 
all over the grazed area and contributes significantly to 
nutrient and energy flow, as well as to the constitution of 
humid reserves of soil. It is known that it feeds trophic 

Litter constitutes the main entrance of soil nutrients 
of grasslands and it is one of the main points of recycling 
organic matter and nutrients. Litter is the accumulation 
of green residues (leaves, stems, inflorescences, etc.) on 
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chains in which decomposer and consumer organisms 
are followed. Corpses of both types of organisms 
and consumers depositions feed another level of 
analogue structure and so on, until the energy of initial 
contributions is exhausted (Trofymow et al. 2002).    

Liu et al. (2006) found that physical and chemical 
conditions of soil controlled litter decomposition in 
two types of grasslands in Mongolia, China, with very 
marked effects on the contents of N, P and water from 
1 to 15 cm deep.

According to Sánchez et al. (2008), during the process 
of litter decomposition, the labile fraction (sugars and 
proteins) is released first and later, the recalcitrant 
fraction, which has a slower decomposition, like lignin 
and phenols. According to these authors, there are 
three main stages in the cycle of litter decomposition. 
During the first stage, fast biodegradation of most of 
polysaccharides and water-soluble substances is produced 
due to microbial action and rain-washes. In the second 
stage, the slow decrease of phenolic water-solubles and 
hemicelluloses due to fragmentation, transport, mixture, 
and biodegradation, because of the action of the edaphic 
macrofauna. In the third stage, there is an increase of 
lignin and protein content due to mineral and humic 
transformation, with a lixiviation of newly formed water-
solubles. This remarkably delays decomposition speed. 
Liu et al. (2006) stated that nutrients released during 
litter decomposition represent between 70 and 90 % of 
all nutrients required per plant. Therefore, decomposition 
rate is the factor determining biomass and productivity 
of these ecosystems.  

Cellulose, hemicellulose and lignin are the most 
important components of litter and represent between 
50 and 80 % of the dry matter (Berg 2000). Before its 
assimilation by microorganisms, these macromolecules 
have to be hydrolyzed to simpler units, by means of 
extracellular enzymes. 

Hydrolysis of cellulose to glucose units is carried 
out by cellulase enzymes. After cellulose, lignin is 
the second most important component of litter. Lignin 
is a polymer composed by units of phenylpropene 
with multiple bonds, and it is degraded by a complex 
of enzymes, like laccases, lignin peroxidases and 
tyrosinases, which work synergically (Fioretto et al. 
2005).  Grass species have a great difference according 
to the amount and quality of litter they produce (Bardgett 
and Walker 2004). Generally, C/N and lignin/nitrogen 
relations of grasses are higher than those of legumes, 
which delays decomposition.

Plants with a high C/N relation (higher than 25) form 
a stable cover that contributes to the increase of organic 
matter content, and, consequently, to improve soil 
structure and to protect it from rain and solar radiation. 
This high C/N relation also favors the development of the 
radical system, nodule formation and symbiotic fixation 
of nitrogen. Plants with less than 25 of C/N relation have 
a faster mineralization (Yadava and Tabouda 2008).  

Studies carried out in Cuban grassland ecosystems 
indicated that decomposition rate of litter shows marked 
variations among grass species, and it is faster in legumes 
than in grasses (Crespo 2013).

 According to Sánchez et al. (2007, 2008), dynamics 
of litter decomposition was more intense in the 
silvopastoral system than in the monoculture of grasses. 
Speed varied within the following order: Leucaena 
leucocephala > P. maximum in the silvopastoral  
system > P. maximum in the monoculture system. After 
210 d, only 3.12 % of leucaena litter remained without 
decomposing. However, in a similar time, guinea litter of 
this system still represented 28.2 % of the initial weight 
and was much lower than the reports for this same species 
in the monoculture system (45.3% of initial weight). This 
may be associated to the favorable microclimate created, 
in the first systems, by the presence of trees, which favor 
the activity of decomposers. 

These results show that the introduction of tree 
legumes within grasslands is very important for achieving 
litter productions of different nature, which provides an 
intermediate C/N relation. This favors the humic reserve 
of soil and guarantees a slower mineralization of nitrogen. 
All this leads to a higher synchrony between processes 
of nutrients, easily available, and the humus content of 
soil. According to Ruiz et al. (2003) and Alonso et al. 
(2004), trees have increases soil fertility in cattle rearing 
areas of Cuba, through production and decomposition 
of litter and cutting residues. Nevertheless, Palm and 
Sánchez (1991) found differences among legumes in 
litter decomposition, in a way that, decomposition and 
nutrient release of Erythrina spp was significantly faster 
than that of Inga edulis and Cajanus cajan, due to the 
presence of low contents of polyphenols in their leaves. 
These changes are related to colonization and activity of 
the decomposer fauna (Hunter et al. 2003 and Barajas-
Guzmán and Álvarez-Sánchez 2003).

Bacteria and fungi are organisms that decompose 
litter, participate in the first stages of decomposition 
and consume mainly sugars and amino acids (Cardona 
et al. 2009). While decomposition advances, the process 
is slower and specialized septate fungi participate, like 
Ascomycetes, Basidiomycetes and Actinomycetes, 
because they can degrade cellulose, lignin and 
more complex proteins. Dentritivore organisms are 
consumers that consume detritus and the populations 
of microorganisms associated to it.

Because the percentage of grass used by ruminants 
in grazing may vary between 40 and 60 % (Thomas 
1992), the return of green nutrients to the soil, through 
grassland litter, can be higher than that which is 
integrated by animal excretions. This return of nutrients 
to the soil and the following recycling, as plant intake, 
can be manipulated through the selection of grass 
species that produce a large amount of litter with easy 
decomposition. This can be managed in a way that 
supply of nutrients to soil and grass demand can be 
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synchronized through this means (Koukoura et al. 2003 
y Sánchez et al. 2008).    

For developing this management, proper knowledge 
about decomposition and release of litter nutrients 
from different plant species that compose grasslands 
is required. Studies of Gupta and Singh (1981), Bruce 
and Ebershon (1982) and Palm and Sánchez (1990) 

show information about litter decomposition of tropical 
legumes and grasses. In silvopastoral systems, litter 
production is higher in the ecosystem than in grasslands 
without trees, which may represent and important 
proportion of nutrients needed for the herbaceous 
stratum, and contribute to maintain productivity of 
grasslands (Pentón 2000 and Sánchez et al. 2008).

ROOT INVOLVEMENT ON NUTRIENT RECYCLING OF GRASSLANDS 

Knowledge of C accumulation processes in grasslands, 
introduced in tropical savannas, has been limited due 
to lack of researches on production, dynamics and 
decomposition of roots.

Grasslands introduced on plains from the East of 
Colombia have demonstrated that accumulate substantial 
amounts of OM, regarding species of replaced native 
savannas (Trujillo et al. 2006). Accumulation of soil 
organic carbon (SOC), inhabited by any plant community, 
depends on primary net productivity (PNP) of plant 
community. In many grasslands, the main mechanism of 
C deposition, at few cm below the soil, occurs through 
root production, their mortality and decomposition. 
Therefore, researching on root production and their 
performance is essential for understanding the dynamics 
of C within the soil.

Long et al. (1989) measured PNP in five grasslands 
from Mexico, Kenya, Thailand, China and Brazil. 
These authors found that the PNP of these five grasses, 
with inclusion of roots at 15 cm deep, averaged from 
14 to 100 Mg/ha-1d-1, and concluded that these natural 
grasslands are places for potential net accumulation of 
C. There are also indirect evidences stating that, under 
the soil, the biomass PNP (BPNP) is higher in introduced 
grasslands than in isohypertherming native savannas 
from Colombia.  

Compared to regions with temperate climate, 
researches on radicular biomass and other subterranean 
components in grasslands have had low development 
(Pérez-Quesada et al. 2011). Nevertheless, in tropical 
savannas, Lamotte (1975) performed several studies 
on this subject in Africa. In Cuba, Hernández and 
Rodríguez (2001), Lok et al. (2009) and Rodríguez et al. 
(2013) carried out some researches in several grassland 
ecosystems.

Genetic characteristics of pastures (Pengelly and 
Hecker 1988), plant age (Gómez-Karabalí et al. 2010), 
climate (Walter et al. 2012), and chemical and physical 
properties of soil (Vilche et al. 2000 and February and 
Higgin 2010) are among the factors influencing on 

radicular development of grasslands. Therefore, there is a 
marked variability in subterranean phytomass production 
of different grasslands. Values between 345 and  
230 g m-2 have been found in Venezuela (Medina 1982) 
and in South Africa (Huntley and Morris 1982). While 
in Cuba, mean values of 667g m-2  have been found in 
six grasses (Yepes and Alfonso 1972),  from 564 to 1334 
g m-2 in Cynodon nlemfuensis (Hernández et al. 1988) 
and from 1,000 to 1,131.85 g m-2 Panicum maximum, 
respectively (Crespo and Lazo 2001). Recently, 
Rodríguez et al. (2013) found values between 571 and 
3,929 g m-2 in six grassland ecosystems from Mayabeque 
province, Cuba.

Some studies have concluded that, in systems of grasses/
legumes association, the radicular system of grassland 
shows higher volume of radicular biomass than pure 
grasslands of grasses. This has been related to the great 
accumulation of OM and total N within the soil (Lok et al. 
2009 and Eckeren et al. 2010). February y Higgin (2010), 
in researches with isotopes (13C and 15N), demonstrated that 
biomass production of roots from a grassland is related to 
the content and space distribution of N in the soil, and it is 
inversely proportional to its humidity.    

Although Martuscello et al. (2009) found a 
negative influence of shade level on root phytomass 
in silvopastoral systems, Carrilho et al. (2012) 
demonstrated the opposite. This indicates that new 
researches are necessary to know root performance in 
these systems. High BPNP or high OM entrance does 
not necessary leads to a higher accumulation of SOC, 
if decomposition rate is proportionally higher than that 
of native savannas. Accumulation of SOC in introduced 
grasslands may take place only if decomposition rate of 
the new accumulated OM is the same or lower than in 
native savannas. 

Studies carried out in Cuba by Crespo and Lazo 
(2001) have indicated that root systems, in grasslands, 
has contributed to the ecosystem, with contributions 
between 19 and 33 kg N/ha, from 3 to 5 kg P/ha and 
between 1 and 2 kg K/ha annually.

EFFECT OF ANIMALS ON NUTRIENT RECYCLING  

Intensive management of grasslands is considered 
as a vital aspect of recycling plant nutrients. 
Redistribution of nutrients within cattle excretions 

and urine produces favorable effects on grassland 
productivity, with the efficient conversion of grass 
into animal product, which adds sustainability to 
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these systems (Clark et al. 2011).

Cattle may be beneficial or harmful for grasslands. 
The most harmful aspect is, mainly, the physical action 
of trampling. Several factors interact and determine the 
potential damage that may produce this effect. Aspects 
like humid content of soil, its physical properties, type 
of forage, stocking rate, and amount of grazing days 
have a considerable influence on paddock management. 
These factors may be managed for minimizing harmful 
influence of trampling (Amézquita 2004).  

 When grassland soil is very humid, cattle weight will 
compress it to smaller volumes, which increases density 
(weight per volume unit). This action decreases soil 
volume in areas where roots storing oxygen and water 
(porous space) are developed, which limits the radicular 
volume of plants (Broersma et al. 2004). 

The effect of trampling is higher on superficial soil, 
and this may produce a reduction of its water and air 
contents because its permeability decreases. A low water 
infiltration rate may produce a high rate of run-off with 
heavy rains and, therefore, a higher hydric erosion of 
soil, which is a problem associated with overgrazing 
(Aarons et al. 2004). 

The forage nature can also affect the amount of damage 
caused by animal trampling. Forages with a prolific 
radicular system, within the layer between 15 and 25 cm 
deep, can endure trampling effect better than those forages 
with low mass of roots (Petersen et al. 2007).  However, 
pasture itself can be physically affected by trampling. In 
this sense, non rhizomatous and non stoloniferous species 
(Panicum genre) may be greatly harmful, regarding 
rhizomes/stoloniferous (Digitaria and Cenchrus genre).

Stocking rate and time for grazing will influence on 
the amount of damage caused by trampling. Keeping 
animals out of the fields when the soil is wet or, if it 
is not possible, locate them in less humid areas, with 
lower stocking rate (Petersen et al. 2007) can minimize 
this affectation. 

High volume of excretions and urine deposited in 
paddocks is a positive aspect of high intensity of grazing. 
Besides nutrient recycling, organic matter of excretions 
will increase its accumulation in the soil, which will 
improve its physical properties. 

One of the obvious consequences of animals in 
the grassland is the aggregate value they provide 
because nutrient contents of ingested pastures are 
moved from one area to the other. Most of the 

estimates indicate that only 25, 20 and 15 % of 
N, P and K, respectively, present in the pasture is 
retained by the animals and used it in their different 
metabolic events. This means that around 75, 80 and  
85 % of N, P and K, respectively, go through the animal 
and is excreted by feces and urine. Therefore, most 
of ingested nutrients are recycled many times in the 
grassland ecosystems (Rodríguez et al. 2005).

These nutrients, recycled over the grassland, can 
be turned into assimilable shapes for plants. However, 
these excretions have no uniform distribution within 
the paddocks which leads to a less efficient recycling 
of nutrients (Crespo 2013).     

In order to determine the way in which recycling 
is produced, it is useful to know the frequency in 
which animals defecate and urinate daily, as well as 
the grassland area they cover. Generally, each bovine 
produces 10 defecations daily, which cover an area 
of around 2 m2, as well as eight urinations that cover  
3.8 m2 (Rodríguez et al. 2005). There are marked 
differences on the nutrient contents of both types of 
excretions. So, around half of N removed by animals is 
produced by urine and the rest is eliminated by the feces. 
This proportion can be increased up to 2/3 in urine, if 
animals graze in grassland with high N content (well 
fertilized grasses with N or legumes), which contribution 
is above their requirements (Sánchez et al. 2008).

Almost all N of urine is presented as urea, which 
performance is just like that of commercial urea, because 
it experiences some losses due to volatilization (Bolan 
et al. 2004).

The N of excretions, which includes plant and 
microbial protein, has several organic structures, which 
can remain within the soil for several weeks, months and, 
even, years. Contrary to P, most part of K goes through 
the animal within urine, and is considered as an effective 
potassium fertilizer, which is immediately available for 
plants (Hutchings et al. 2007). 

Other factors influencing on distribution of animal 
excretion on grasslands are: tree shades, land falls 
or slopes, time of grazing, water sources, places for 
supplementary food supplies, stocking rate density and 
some others (Cabrera 2003, Alonso 2004 and Chadwick 
et al. 2011). These factors influence on efficiency of 
nutrient recycling and may increase their lixiviation and 
transportation of fecal materials and harmful bacteria 
towards water sources after heavy rains. 

SIMULATION MODELS OF NUTRIENT RECYCLING 

The first studies for simulating nutrient recycling 
in livestock developed model that only comprehend 
isolated aspects of this process, like accumulation 
models, biological fixation of N, volatilization 
models of N from fertilizers and excretions, models 
for nitrate lixiviation, and some others. Nevertheless, 
only few studies have tried to simulate nutrient 

recycling among the different components of cattle 
rearing system (flow through soil, grassland, animals 
and atmosphere) (Goulding et al. 2008).

Yasso model (Liski et al. 2005) describes litter 
decomposition from climate reports and quality of 
litter from several parts of the world.  With this 
model, litter decomposition rate, rich in phenolic 
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compounds, was systematically overestimated while 
those rich in O-alkyl compounds (grass leaves) was 
underestimated. Besides, taking only into account 
the initial concentration of N did not improve the 
accuracy of the model, but, considering also lignin 
initial content (non hydrolysable acid residue), this 
accuracy was achieved. 

This model has been already applied as a module 
in CO2FIX, which is a general model for estimating 
carbon balance and ability of C collecting in several 
ecosystems (Schelhaas and Nabuurs 2001 and 
Massera et al. 2003).

O Connor (2009) examined the different models 
that simulate N balance in cattle rearing systems 
extensively managed. This author stated that each 
researcher represented the N cycle according to their 
points of view. So, under New Zealand conditions, 
cattle is identified as herbivorous, and legumes 
as N fixers. Dead green material is considered as 
litter component, while others have divided plant 
components into live and dead aerial part, crowns 
and roots, in order to represent low meadows of 
grasses in Colorado.

Several studies have modeled N flow in grassland 
ecosystems from microbial activity of soil (McGill 
et al. 1974, McGill et al. 1981 and Woodmansee and 
Wallade 1981), biological fixation of N (Paul and 
Juma, 1981, Jones and Woodmansee 1979 and Bate 
1981), and evolution of nitrate and ammonia contents 
of soil (O'Connor 1974, 1981 and Woodmansee and 
Wallade 1981).

In systems of intensive management of cattle, 
several researchers have tried to model different 
gaseous losses of N and its effect on greenhouse 
gases emission. Some others have analyzed losses 
of this element due to run-off or lixiviation, as well 
as due to the effect of animal management.

It is known that lixiviation of nitrates (NO3) 
and emissions of NO2 are high in grassland areas 
where animals excrete and urinate (Rodríguez et al. 
2005). However, the estimate of these greenhouse 
gases emissions is biased due to heterogeneity in 
which excretions are distributed by animals over 
the grasslands (Hustchings et al. 2007). FASSET 
model, created by Hustchings et al. (2007), allowed 
obtaining the most approximate knowledge of this 
effect on all the farm area. These authors confirmed 
that inclusion of heterogeneity of excretions had low 

effect on estimation of greenhouse gases emission 
model, when the grassland received less than  
150 kg/ha/year of N.

Cárdenas et al. (2010) developed a model to 
determine N2O emissions in fertilized grasslands, 
which can be used to widen limited information 
regarding flows of this gas in these ecosystems. 
These authors found a non linear response of the 
emissions of this gas with the applied doses of N 
fertilizer, and found emissions of N2O that varied 
from 0.5 to 3.9 kg /ha/year of N.  

As it was previously stated, several models 
have been developed in animal husbandry, which 
contain very valuable aspects for directing system 
functioning, like litter effect, radicular system, space 
distribution of animal excretions, volatilization of 
greenhouse gases, nitrate lixiviation and others. 
However, there are few models that contain the 
interrelation among the three main components of 
cattle rearing systems (soil-plant-animal)  

At a global level, assessments have been carried 
out on the importance of modeling in grassland 
ecosystems (Thornley 2001), and ecological and 
socio-economical models have been proposed for 
producers to make decisions, in order to obtain more 
productivity in their farms (Hollman 2001 and Pérez-
Quezada et al. 2011).   

Ortiz (2000) developed RECICLAJE model, 
using data from a wide series of studies performed  
at the Animal Science Institute in Cuba (1999), and 
some other studies carried out in the same country. 
This model allows, through a dynamic program, to 
estimate the balance state of N, P and K in different 
systems of animal production. Analysis, design and 
implementation of the model, besides considering the 
requirements defined previously on specifications of 
a simulation model, foresees, with its application, 
the beginning of new studies on nutrient recycling, 
using the same program as a tool. This will allow 
the development and improvement of knowledge 
established on this subject and, at the same time, 
will achieve a higher fixing of the model to the 
particularities of each cattle rearing units in which 
it is applied.    

Rodríguez et al. (2008) validated this model on 
commercial cattle production with favorable results 
in many cattle rearing units, mainly dairy farms, from 
the occidental region of Cuba.  

CONCLUSIONS 

Soil organisms (micro, meso and macrofauna) 
participate directly on organic matter decomposition, 
which allows the release of nutrients that take part of 
the biological, geological and chemical cycle of different 
ecosystems. Likewise, grassland litter is considered 
as the most important source of nutrient recycling in 

permanent grasslands, depending on grass species, 
climate and biological activity of soil.

Although the largest amount of nutrients recycled 
in grasslands is produced by animal excretions, their 
distribution in the ecosystem is very irregular and has 
low efficiency.



Cuban Journal of Agricultural Science, Volume 49, Number 1, 2015. 7

REFERENCES

Aarons, S.R., O’Connor, C.R., Hall, M. & Gourley, C.T.P. 
2004. Contribution of dairy cow manure to soil fertility 
and nutrients redistribution in pastures. XIX Intern 
Grassl. Congr. Brazil. p. 41

Alonso, J. 2004. Factores que intervienen en la producción 
de biomasa de un sistema silvopastoril con leucaena 
(L. leucocephala, vc. Perú) y guinea (P. maximum vc. 
Likoni). PhD Thesis. Instituto de Ciencia Animal. La 
Habana, Cuba. 102 pp.

Amézquita, E. 2004. La fertilidad física del suelo. XVI 
Congreso Latinoamericano y XII Congreso Peruano de 
la Ciencia del Suelo. CD-ROM, Colombia.

Arduaga, S. & Huerta, C. 2007. Importance of dung 
incorporation activity of three species of coprophagous 
beetle (Coleoptera: Scarabaeidae: Scarabainae) 
macrofauna in pasture land on “La Michilia” Biosphere 
Reserve in Durango. México. Enviromental Entomol. 
36:555 

Barajas-Guzmán, C. & Álvarez-Sánchez, J. 2003. The 
relationships between litter fauna and rates of litter 
decomposition in a tropical rain forest. Applied soil 
Ecology. 24:91 

Bardgett, R.D. & Walker, L.R. 2004. Impact of coloniser 
plant on the development of decomposer microbial 
communities following deglaciation. Soil Biology and 
Biochem. 35:555 

Bate, G.C. 1981. Nitrogen cycling in savannas ecosystems. 
In:  Clarrk,  F.E. ,  Rossual ,  T.  (Ed.) .  Terrestr ial 
nitrogen cycles. Biological Bulletins 33. Stockholm.  
p. 463-75 

Berg, B. 2000. Litter decomposition and organic matter 
turnover in northern forest soils. Forest Ecology and 
Management 13:133 

Bolan, R., Amelung, W.G. & Friedirich, C. 2004. Role of 
aggregates surface and core fraction in the sequestration 
of carbon from dung in a temperate grassland soil. 
European J. Soil Sci. 55:71

Boudermagh, A., Kitoni, F., Boughachiche, H., Hamdiken, 
H., Quilmi, L. & Reghioua, S. 2005. Isolation and 
molecular identification of actynomicete microflora 
of some sahhariam soils of SE Algeria study of 
antifungal activity of isolated strains. J. Mycology Med.  
15:39 

Broersma, K., Krzic, M., Merman, R. & Bomke, A. 
2004. Effect of grazing on soil compaction and water 
infiltrations in interior of British Columbia. Show 
letter?. No. 110.

Bruce, R.C. & Ebershon, J.P. 1982. Litter measurements in 
two grazed pastures in south east Queensland. Tropical 
Grasslands. 16:180 

Cabrera, G. 2003. Caracterización de la macrofauna del 
suelo en áreas con manejo agroecológico en Cangrejeras, 
La Habana, Cuba. Master Thesis. La Habana. p. 49 

Cabrera, G., Romero, N. & Ponce de León, D. 2011. 
Composición funcional de la macrofauna edáfica en 
cuatro usos de la tierra en las provincias de Artemisa y 
Mayabeque. Pastos y Forrajes 34:3

Cárdenas, L.M., Thorman, R., Ashiee, M., Butter, M., 
Cadwick. & Schplofild, D. 2010. Estimation of nitrous 
oxide emission from ecosystems and its mitigation 
technologies. Agriculture, Ecosystem & Environment 
136:218 

Cardona, G.I., Peña-Venegas, C.P. & Ruiz-García, M. 
2009. Comunidades de hongos actinomicetos en tres 
tipos de vegetación de la Amazonía colombiana: 
abundancia, morfotipos y el gen 16s ADNs. Rev. Biol. 
Trop. 57:4.

Carrilho, P. H. M., Alonso, J.,  Santos, L.D. T. & 
Sampaio, R. A. 2012. Vegetative and reproductive 
behavior of Brachiaria decumbens  cv. Basilisk 
under different shade levels. Cuban J. Agric. Sci.  
46:85

Chadwick, D., Sommer, S., Thorman, R., Fangueiro, D., 
Cárdenas, L., Amon, B. & Misselbrook, T. 2011. Manure 
management: implications for greenhouse gas emission. 
Anim. Feed Sci. and Tech. 166:514

Clark, L.J., Growing, D.J.G., Lark, R.M., Leeds-Harrison, 
A.B., Miller, A.J., Wells, D.M. & Whalley, W.C. 2011. 
Sensing the physical and nutritional status of the root 
environments in the field: a review of progress and 
opportunities. J. Agric. Sci. 150:347

Crespo, G. 2013. El reciclaje de nutrientes y su impacto 
en sistemas ganaderos en el occidente de Cuba. PhD 
Thesis. Universidad Agraria de La Habana, Cuba.  
213 pp.

Crespo, G. & Lazo, L. 2001. A study on the root biomass 
of C. nlemfuensis cv. Panamian, P. maximum cv. Likoni 
and D. annulatum and their nutrient contribution. Cuban 
J. Agric. Sci. 35:259

Decaens, T., Lavelle, P., Jiménez, J.J., Escobar, G. & 
Rippstein, G. 2001. Impact of land Management on 
soil macrofauna in the oriental llanos of Colombia. Eur. 
Soil Biol. 30:150 

Dueñas, G., Rodríguez, N., Irigoyen, H., Muñoz, R., 
Hernández, M. & Pascual, J. 2006. Manejo sostenible 
de suelos dedicados a la ganadería en la provincia 
La Habana. VI Congreso de la Sociedad Cubana 
de Ciencias del Suelo (CD-ROM). La Habana,  
Cuba 

Eekeren, van N., Bos, M., Wit, J., Keidel, H. & Bloem, 
J. 2010. Effect of individual grass species and 
grass species mixtures on soil quality as related 
to root biomass and grass yield. Appl. Soil Ecol.  
45:275

February, E.C. & Higgins, S.I. 2010.The distribution 
of tree and grass roots in savannas in relation to 

Root phytomass of grasses is another important 
source of nutrients recycled in grasslands, mainly within 
the first 10 cm of the soil.

Currently, researches on modeling different ways of 
recycling nutrients in permanent grasslands are being 

developed more efficiently, although RECICLAJE 
model, developed in Cuba, has demonstrated to be 
valuable for controlling the state of N, P and K balance 
per year in cattle rearing farms. 



Cuban Journal of Agricultural Science, Volume 49, Number 1, 20158
soil nitrogen and wáter. South African J. Botany  
76: 517

Fioretto, A., Di Nardo, C., Papa, E. & Fuggi, A. 2005. 
Lignin and cellulose degradation and nitrogen dynamics 
during decomposition of three litter species leaf litter. 
Oikos 140:230

Freymann, B.P., Buitenwer, R., Desouza, O. & Olff, H. 
2008. The importance of termites (Isoptera) for the 
recycling of herbivore dung in tropical ecosystems: a 
review. European J.  Entomol. 105:165 

Goulding, K., Jarvis, S. & Withmoore, A. 2008. Optimizing 
nutrient management for farm systems. Phil. Trans. R. 
Soc. 363:1491 

Gómez-Carabalí. A., Idupulapati. R. & Ricaute, J. 2010. 
Differences in root distribution, nutrient acquisition 
and nutrient utilization by tropical forage species 
grown in degraded hillside soil conditions. Act Agron.  
59: 197

Gupta, S.R. & Singh, J.S. 1981. The effect of plant species, 
weather variables and chemical composition of plant 
material on decomposition in tropical grassland. Plant 
and Soil. 59:99 

Hernández, L. & Rodríguez, M. 2001. La fitomasa 
subterránea en pastizales con diferentes métodos de 
pastoreo. Foro Latinoamericano de Pastos. La Habana. 
p. 36

Hernández, M. & Sánchez, S. 2006. Evolución de la 
composición química y la macrofauna edáfica en 
sistemas silvopastoriles. IV Congreso Latinoamericano 
de Agroforestería para la producción pecuaria sostenible. 
III Simposio sobre Sistemas Silvopastoriles para la 
Producción Ganadera Sostenible (CD-ROM). Centro de 
Convenciones “Plaza América”. Varadero, Cuba. p. 107

Hernández, A., Sánchez, A. & Lazo, J. 1998. Caracterización 
espacial de la biomasa subterránea en pastizales del 
Instituto de Ciencia Animal. Acta botánica. 116:1

Herrik, J.F. & Lal, R. 1996. Dung decomposition and 
pedoturbation in a seasonally dry tropical pasture. Biol. 
and Fertility of Soils 23:177 

Holman, F. 2001. El uso de modelos de simulación como 
herramienta para la toma de decisiones en la promoción 
de nuevas alternativas forrajeras. El caso de Costa Rica 
y Perú. XVI Reunión Latinoamericana de Producción 
Animal. Montevideo, Uruguay. p. 28

Hunter, M.D., Adl, S., Pringle, C.M. & Coleman, D.C. 
2003. Relative effects of macroinvertebrates and 
habitat on the chemistry of litter during decomposition. 
Pedobiología. 47:101 

Huntlley, B.J. & Morris, J.W. 1982. Structure of the 
Nylsoley savanna. En: Huntlley B.J. y Walker B.M 
(Eds.). Ecology of Tropical Savannah. Ecol. Stud. 42. 
Berlín, Heidelberg. New York

Hutchings, N.J., Olesen, J.E., Petersen, B.M. & Bernden, 
J. 2007. Modelling spatial heterogeneity in grazed sward 
and its effects on nitrogen cycling and greenhouse gas 
emissions. Agric. Ecosystem and Environ. 121:152 

Jones, M.B. & Woodmannse, R.G. 1979. Biogeochemical 
cycling in annual grasslands     ecosystems. Botanical 
Revew. 45:11 

Koukoura,  Z. ,  Mamolos,  A.P.  & Kalburt i i ,  K.L. 
2003. Decomposition of dominant plant species 
litter in a semiarid grassland. Appl. Soil Ecol.  

23:13
Lamotte, M. 1975. The structure and function of a tropical 

savanna ecosystem. In: Golley, F. B y Medina, E. 
Tropical ecological systems. Ecol. Stud. 11:179. Berlin, 
Heidelbergand. N. York

Liski, J., Palomo, T., Peltoniemi, M. & Siervanen, R. 2005. 
Carbon and composition model Yasso for forest soils. 
Ecol. Modelling. 189:168 

Liu, P. 2006. Differential responses of litter decomposition 
to increases soil nutrients and water between contrasting 
grassland species of Inner Mongolia. CATENA.  
60:230 

Liu, W., Fox, J.E.D. & Hu, Z. 2006. Leaf litter decomposition 
of canopy trees, bamboo and Uunnan, south-west China. 
Ecol. Res. 15:435

Lok, S., Crespo, G. & Torres, V. 2008. Methodology for the 
selection of sustainability indicators of the soil-plants 
and stem in grasslands. Cuban J.  Agric. Sci. 42:69 

Lok, S., Crespo, G., Torres, V., Fraga, S. & Noda, A. 2009. 
Impact of the technology of biomass bank of Pennisetum 
purpureum cv. Cuba CT-115 on the soil-plant-animal 
system of a dairy unit with cattle. Cuban J. Agric. Sci.  
43:297

Long, S.P., García-Maya, E., Imbabamba, S.F., Kamragur, 
A., Piedade, M.T.F., Scurlok, J.M.O., Shen, Y.K. & Hall, 
S.F. 1989. Primary productivity of grass ecosystems. 
Plant and Soil. 115:55

Martínez, N.J., Cañas, M.L. & Rangel, J.L. 2011. 
Coleópteros coprófagos (Scarabaeidae) en la reserva 
natural Las Delicias, Sierra Nevada de Santa Marta, 
Colombia. Bol. Cient. Mus. Inst. Nat. 14:187

Martuscello, J.A., Jank, L., Neto, M.M.G., Laura, V.A. & 
Cunha, D.N. 2009. Produção de gramíneas do gênero 
Brachiaria sob níveis de sombreamento. Rev. Brasileira 
Zootec. 38:1183

Massera, O.R., Garza-Caligaris, F.J., Kanniren, H., 
Kasjalamen, T., Liski, J., Nabuurs, 53. G.J., Russinen, 
A., de Jong, B.H.J. & Mohsen, M.J. 2003. Modelling 
carbon sequestration in afforestation, agroforestry and 
forest management projects: the CO2FIX V.2 approach. 
Ecol. Modelling 164:177 

McGill, W.B., Hunt, H.W., Woodmansee, R.G. & Reuss, 
J.O. 1981. Phoenix: a model of the dynamics of carbon 
and nitrogen in grassland soils. Ecological Bulletins 33. 
Stockholm. p. 49-115

McGill, W.B., Paul, E.A. & Sorensen, H.A. 1974. The 
role of microbial metabolites in the dynamics of soil 
nitrogen. Matador proyect CC IBP. Technical Repport 
No. 46. University of Saskatchewan, Saskatoon, 
Canada. 151 pp.

Medina, E. 1982. Physiological ecology of neotropical 
savanna plants. En: B.J. Huntley y Walker B.H. (eds). 
Ecology of tropical savanna. Ecol. Stud. 42: 308

Montes de Oca, E. 2001. Escarabajos coprófagos de un 
escenario ganadero típico de la región de los tuxtlas, 
Veracruz, México: importancia del paisaje en la 
composición de un gremio funcional. Acta Zoológica 
Mexicana 82:111 

Menéndez Rivero, Y.I. 2010. Caracterización de la 
coleopterofauna edáfica en tres formaciones vegetales 
del área protegida de recursos manejados de Escaleras 
de Jaruco – Loma “El Cheche” (La Habana, Cuba). Tesis 



Cuban Journal of Agricultural Science, Volume 49, Number 1, 2015. 9
de Diploma. Facultad de Biología.  Universidad de La 
Habana. La Habana, Cuba. 80 p.

O’Connor, K.F. 1974. Nitrogen in agrobiosystems and 
its environmental significance. New Zealand Agric. 
Sci. 8:137 

O’Connor, F.K. 1981. Comments on Dr Floate paper 
on grazing effect by large herbivores. In: Clark, 
P.E., Rosswall, T. (Ed.). Terrestrial nitrogen cycles.. 
Ecological Bulletins 33. Stockholm.  770 pp. 

O’Connor, K.F. 2009. Nitrogen balances in natural 
grasslands and extensively-managed grassland systems. 
Terrestrial nitrogen cycles. p. 707-14 

Omaliko, C.P.E. 1981. Dung deposition, breakdown and 
grazing behaivour of beef cattle at two seasons in a 
tropical grassland ecosystem. J. Range Manadement 
34:360

Ortíz, J. 2000. Modelación y simulación matemática del 
reciclaje de N, P y K en sistemas de pastoreo vacuno en 
Cuba. PhD Thesis. Agric. Instituto de Ciencia Animal. 
Universidad Agraria de La Habana, 110 pp.

Palm, C.A. & Sánchez, P.A. 1991. Decomposition and 
nutrients release pattern of the leaves of three tropical 
legumes. Biotrópica. 22:30 

Paul, E.A. & Juma, N.G. 1981. Mineralization and 
inmovilization of soil nitrogen by micro-organisms. 
In: Clark, F.E., Rosswald, T. (Eds.). Terrestrial nitrogen 
cycles. Ecological Bulletins 33. Stockholm. p. 95-115

Pengelly, B.C. & Hacker, J.B. 1998. Variation in radical 
elongation rate in Macroptilium atropurpureum. XVIII 
Intern. Grassl. Cong. Canada

Pentón, G. 2000. Efecto del sombreo de los árboles sobre 
el pastizal en un sistema semi natural. Master Thesis. 
Universidad de Matanzas, Cuba

Pérez-Quezada, J.F., Delpiano, C.A., Snyder, K.A., 
Johnson, D.A. & Franck, N. 2011.Carbon pools in an 
arid shrubland in Chile under natural and afforested 
conditions. J. Arid Environments 75:29. 

Petersen, S.O., Semmer, N., Béline, F., Burton, C., Dach, J., 
Dowson, J.Y. & Mihelic, R. 2007. Recycling of livestock 
manure in a whole-farm perspective. Livestock Sci.  
112:180

Rodríguez, I., Crespo, G., Fraga, S. & Prieto, D. 2003. 
Activity of the mesofauna and the macrofauna in dung 
patches during their decomposition process. Cuban J. 
Agric. Sci. 37:315.

Rodríguez, I. Crespo, G. & Fraga, S. 2002. Comportamiento 
de la macrofauna del suelo en pastizales con gramineas 
natulares e intercalada con Leucaena para ceba de toros. 
Rev. Cubana Cienc. anim. 36:181

Rodríguez, I., Crespo, G., Torres, V., Calero, B., Morales, 
A., Otero, L. Hernández, L., Fraga, S. & Santillán, B. 
2008. Integral evaluation and aoil-plant compound 
in a dairy unit  with silvopastoral system in Havana 
province, Cuba. Cuban J. Agric. Sci. 42:391

Rodríguez, I., Crespo, G., Torres, V. & Fraga, S. 2005. 
Effect of the dung patches and the urine on the chemical 
composition of the pasture and their effect on the soil 
under grazing conditions or not. Cuban J. Agric. Sci. 
39:289

Rodríguez, I., Hernández, L., Crespo, G., Sandrina, B. 
& Fraga, S. 2013. Performance of below ground root 
biomass in different grassland of Mayabeque province, 

Cuba. Cuban J. Agric. Sci. 2:2013 
Ruiz, T.E., Febles, F., Jordán, H., Castillo, E. & Mejías, 

R. 2003. Valoraciones sobre el proceso de introducción 
de Leucaena leucocephala en el sector ganadero. Taller 
Internacional Ganadería, Desarrollo Sostenible y Medio 
Ambiente. Modelos alternativos. La Habana, Cuba. p 
181 

Sánchez, P. A. & Ara, A. A. 1989. Contribución potencial 
de las praderas mejoradasa la sostenibilidad de los 
ecosistemas de sabanas y bosque húmedo tropical. In: 
Contribución a las pasturas mejoradas a la producción 
animal en trópico. CIAT. Colombia. No. 80 p.1

Sánchez, S., Crespo, G., Hernández, N. & García, Y. 
2007. Acumulación y descomposición de la hojarasca 
en un pastizal de Panicum maximum y en un sistema 
silvopastoril asociado con Leucaena leucocephala. 
Zootecnia Tropical 26: 125

Sánchez, S., Crespo, G., Hernández, M. & García, Y. 
2008. Factores bióticos y abióticos que influyen en la 
descomposición de la hojarasca de pastizales. Pastos y 
Forrajes. 13: 99

Sánchez, S. & Milera, M. 2002. Dinámica de la macrofauna 
edáfica en la sucesión de un sistema de manejo de 
gramíneas a un sistema con árboles intercalados en el 
pasto.  Pastos y Forrajes. 25:189

Shelhaas, M.J. & Nabuurs, G.J. 2001. CO2FIX at the 
lands levels. An Application for the Veluave Area, the 
Netherl Alterra-repport 301. Alterra, Green World Res.  
Waneningen 

Thomas, R.J. 1992. The role of the legume in the nitrogen 
cycle of productive and sustainable pastures. Grass & 
Forage Sci. 47:133 

Thornley, J.H.M. 2001. Modelling Grassland ecosystems. 
Proc. XIX Intern. Grasslad. Congr. Brazil. p. 25 

Trofimow, J.A., Moore, T.R., Titus, B., Prescott, C.E., 
Morrison, I., Siltanem, M., Smith, S., Fyles, J., Wein, 
R., Caniré, C., Kozak, L., Kranabetter, M. & Visser, 
S. 2002. Rates of litter decomposition over 6 years in 
Canadian forests: influence of litter quality and climate. 
Can. J. For. Res. 32:789

Trujillo, W., Fisher, M.J. & Lal, R. 2006. .Root dynamics 
of native savannas and introduced pastures in the eastern 
Plane of Colombia. Soils and Tillage Res. 87:28

Vilche, M.S., Martín, B. & Mortico, S. 2000. Incidencia de 
la degradación edáfica en el desarrollo aéreo y radical 
de una pastura asociada. XVI Reunión Latinoamericana 
de Producción Animal. Uruguay

Villalobos, F.J. 2000. Patrones de la macrofauna edáfica en 
un cultivo de Zea mays durante la fase poscosecha en la 
Mancha, Veracruz, México. Acta Zoológica Mexicana. 
80:167

Walter, J., Grant, K., Beierkuhnlein, C., Kreyling, J., 
Weber, M. & Jentsch, A. 2012. Increased rainfall 
variability reduces biomass and forage quality of 
temperate grassland largely independent of mowing 
frequency. Agriculture, Ecosystems & Environment 
148:1

Woodmansee, R.G. & Wallade, L.C. 1981. Effects of 
fire regimens of biogeochemical cycles. In: Clark 
F.E., Rosswall, T (Ed.). Terrestrial nitrogen cycles. 
Ecological Bulletins 33. Stockholm. p. 649-659 

 Yamada, D., Imura, O., Shi, K. & Shibuya, T. 2007. Effect 



Cuban Journal of Agricultural Science, Volume 49, Number 1, 201510
of tunnelled dung beetles on cattle dung decomposition, 
soil nutrients and herbage growth. Grassland Sci. 53:121 

Yadava, R.S. & Tobouda, N.S. 2008. Plant l i t ter 
decomposition and soil respiration in the natural 
grassland ecosystems of Kangpolpi, Maniput. In: P.C. 
Missa (Ed.). Advances in Ecology and Envirom. Sci. 
Asbush Publishing House. New Delhi, India. p. 177 187.

Yepes, S. & Alfonso, S. M. 1972. Observaciones sobre el 

sistema subterráneo del pasto y sus relaciones con hoja: 
tallo. En: J. J. Paretas (ed). Memorias 1972. Estación 
Experimental de Pastos y Forrajes. Indio Hatuey, Cuba, 
p.21

 Zerbino, S. 2008. Evaluación de la macrofauna del suelo 
en sistemas de producción en siembra directa y con 
pastoreo. Agrociencia. 12:44.

Received: April 23, 2014  


