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Environmental impacts and nutrient recycling
on pastures grazed by cattle

Vendramini, J.M.B., Silveira, M.L.A., Dubeux Jr., J.C.B. & Sollenberger L.E.

ABSTRACT - Grasslands are being replaced by urbanization and more profitable agricultural activities around

the world. Producers may be faced with land constraints and need to consider intensification of the remaining grasslands

as a means of maintaining overall production on a decreasing land resource. However, intensification of the grazing

system is usually associated with greater nutrient inputs, including those from commercial fertilizers and supplement

fed to animals. Excessive loading of nutrients in intensive grazing systems via fertilizer and animal wastes can cause

nutrient buildup in the soil and subsequent water quality problems. Surface runoff and leaching of nutrients are the

two major process affecting water quality. Nitrogen and P represent major nutrient concerns as related to water

quality. Increased nitrate concentrations render groundwater unsuitable for drinking and can cause serious health

issues for humans. Excessive N and P concentrations may contribute to eutrophication of streams and lakes. Maximizing

efficiency of nutrient recycling through the soil-forage-animal system minimizes off-site nutrient transport and decreases

production costs by reducing the quantity of commercial fertilizer needed. Management strategies to reduce soil and

water contamination include refining the balance of nutrient inputs from feeds and fertilizers as well as accounting

for the nutrients recycled through the decomposition of plant litter and animal wastes. Current interest in the development

and adoption of efficient and sustainable agriculture systems has led forage researchers to amplify the scope of

grasslands research by increasing multidisciplinary efforts. There is an increased interest in quantifying the impacts

of forage-animal management strategies on the environment, with the goal of developing economically viable best

management practices that result in optimum forage production and profitability, while protecting the environment.

Furthermore, these best management practices will supply reliable information for future environmental policies that

may be adopted by governmental agencies.
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1. Introduction

Grassland covers approximately 51% of the
land earth’s surface (Pearson and Ison, 1997) and

are found mainly in Africa, Australia, South
America, and North America (World Resource
Institute, 2001). The majority of these areas are

extensively grazed by livestock. The grazing
systems used in different regions reflect the
climatic and socio-economic aspects of the region

because biological efficiencies within the system
seldom are the sole driving force that gives rise to
a particular grazing system (Burns et al., 2004).

Rapid urbanization, higher land values, and the
alternative of planting more profitable crops are
leading to reduction of grassland areas. The

alternative uses of grasslands may force producers
to manage pastures more intensively. According
to Lal and Stewart (1994), intensive agricultural

practices may involve bringing new land under
agriculture or intensively farming existing land.
Both systems can have drastic adverse impact on

consumptive use and quality of water resources
(Lal and Stewart, 1994). From the planted pastures
perspective, intensification is commonly

associated with greater fertilization and animal
supplementation for increasing forage and
animal production. Traditionally, the decision

to intensify a grazing system has been subject
primarily to the economics of the adopted
practice.  Presently,  an increased public

awareness of the role of such practices in
nonpoint source pollution has elevated the
importance of environmental impact of current

and proposed agricultural management practices.
The objectives of this paper are:
1) to describe the major sources of inputs to

planted pastures,
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2) to relate those input sources with

environmental quality, and
3) to review the importance of nutrient cycling

on grasslands.

2. Major inputs to intensively
grazed pastures

2.1. Mineral fertilization
Profitable crop production depends on many

factors and except for sunlight and water, soil

fertility most frequently limits crop yields
(Sharpley and Halvorson, 1994). In general,
grasslands are located on marginal areas usually

associated with low soil fertility. The combination
of low soil nutrients, efficient nutrient extraction
capability, and high total yield potential creates

conditions favorable for obtaining large yields
responses from added plant nutrients (Matthews
et al., 2004). According to Teitzel and Wilson

(1991), pasture productivity is always a function
of grazing management and fertilization,
regardless of initial soil fertility status.

Macro and micro nutrients are essential for
plant development and most of them when applied
in excess may become an environmental concern.

However, N and P fertilization has been the main
focus of environmental regulatory programs
primarily because of the larger amount of these

nutrients applied on agriculture lands and their
significant potential for negative environmental
consequences.

2.1.1. Nitrogen
Nitrogen is the most limiting nutrient for plant

growth in most of the world’s agricultural soils,
hence, crop production worldwide relies heavily

on inputs of N from organic or inorganic sources
(Muchovej and Rechcigl, 1994). The ultimate
source of N is inert dinitrogen gas, which

compromise approximately 78% of the earth’s
atmosphere. Dinitrogen is converted to forms
usable by higher plants and animals by the

combination with H
2
 or O

2
 in a number of

processes: in biological N
2
 fixation by bacteria, in

atmospheric discharges, and industrially, as NH
3
,

NO
3
 or cyanamide for the manufacture of

commercial fertilizers (Muchovej & Rechcigl,
1994). N inputs in the soil are in the forms of aerial

deposition, biological N
2
 fixation, animal and

green manures, and synthetic N fertilizers. N exists

in the soil as NO2, NO3, or NH4, or in organic form
within the soil organic matter fraction. The fate of
N fertilizers in the soil-plant system is governed

by several physical, chemical, and biological
factors within a specific environment (Boswell et

al., 1985). It is well documented in the literature

that N fertilization usually results in increased
production on grasslands (Overman et al., 1992;
Prine and Burton, 1956; Vicente-Chandler et al.,

1974). Increased N fertilizer utilization has not
always equated to increased efficiency of use. As
farmers and those advising farmers learned to use

new fertilizer material alone or in combination
with organic N sources, new application
equipment, and new cropping systems, they often

did so without a real understanding of the potential
environment impacts involved (Pierzynski et al.,
2005). Grassland systems recover between 50 and

65% of the fertilizer N as harvested yield in the
year of application (Schepers and Mosier, 1991).
In grazed pastures fertilized with 200 to 250 kg N

ha-1 yr-1 as (NH2)2CO, nearly a third of the N input
was retained in the soil organic matter (25%) and
root system (2-5%). The remainder was lost via

ammonia volatilization from the soil following
application (20%), ammonia volatilization from
urine patches (20-30%), denitrification (6-12%),

animal liveweight gain (7-9%) or milk production
(14-18%), and leaching or unaccounted losses
such as excretion off pasture (20-50%) (Kimura

and Kurashima, 1991; Whitehead, 2000; Matthews
et al., 2001) cited by (Matthews et al., 2004). In a
grass system, the amount of N lost by leaching

depends on: the form and amount of soluble N
present or added; amount and time of rainfall;
infiltration and percolation rate of water; water

holding capacity; evapotranspiration, rate of
removal of N by the crop and whether the N is
leached below the root zone (Allison, 1961).

2.1.2. Phosphorus
Profitable crop production depends on many

factors, including a sound P-management
program. Most of the Earth’s P found is in

terrestrial soils and in the sediments of fresh
waters, estuaries, and oceans. Worldwide, soil P
deficiency for several crops is common (World

Resource Institute, 1987). According to Sharpley
and Halvorson (1994), soil testing is the best tool
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available to assess the need for P fertilization.

Fertilizer P management varies with location and
site-specific conditions, such as initial soil test P
level, soil type, soil pH, available application

equipment, crop rotation and tillage system.
Accurately assessing soil P status and the quantity
of P fertilizer required to alleviate P deficiency is

necessary if maximum economic yields are to be
obtained (Sharpley & Halvorson, 1994).

Phosphorus is one of the most immobile of the

plant nutrients in soil due to adsorption and
precipitation reactions involving Fe and Al in acid
soils and Ca in alkaline soils (Whitehead, 2000).

With the application of P, available soil P
concentration increases. This increase is a function
of physical and chemical soil properties (Peterson

& Krueger, 1980). The portion of fertilizer P
remaining as available P 6 months after
application, decreased as clay, organic C, Fe, Al,

and CaCO3 concentration increased for over 100
widely differing soils (Sharpley and Halvorson,
1994) (Table 1).

Table 1 - Percent fertilizer P available (as P
resin) 6 months after application.

Number   Availability
Soil Property of soils           (%)

Mean Range

Slightly weathered 80 47 11-72
Moderately weathered 27 32 6-51
Highly weathered 40 27 14-54

Adapted from Sharpley and Halvorson (1994).

repeated application of mineral P fertilizer has

potential to enhance P losses; however, it is not
the major source of P contamination reported in
the literature.

2.2 Organic Fertilization
Manures and slurries have traditionally been

applied to agricultural lands. The addition of
municipal organic wastes to soils is becoming an

economically attractive fertilization option and
convenient method of disposal. Manures and
organic wastes are variable in composition (Table

3) and therefore concentration of plant available
nutrients is not predictable (Kirchmann, 1994). In
addition, the transformations that occur in the

organic material during the collection and storage
processes may have a significant impact on the
nutrient form and concentration. The concentration

and forms of N varies according to the
decomposition process, tending to decrease in
most situations due to N volatilization. However,

the concentration of non-volatile elements such
as P, K, Ca, and Mg, increases during the
decomposition process as the result of microbial

carbon respiration (Kirchmann, 1985).
Studies on the availability of N from organic

materials have been a central research focus for

agronomists. Kirchmann (1991) presented the N
mineralization patterns of nine types of animal
manures under different storage conditions (Figure

1). According to Hadas et al., (1983), fertilization
with fresh poultry manure resulted in a rapid
increase in inorganic N in soil within 2 weeks after

addition, amounting to more than 50% of the total
N present. The rapid N mineralization of organic
compounds increases the potential N losses to the

environment; however, in studies comparing
leaching of N from organic manures with that from

Table 2 - Phosphorus concentration and removal in the harvested portion of some major agricultural
crops.

Crop category Phosphorus Crop Yield Phosphorus
Concentration (%) (Mg ha-1) Removal (kg P ha-1)

Grains
Corna 0.28 10 28
Soybeansa 0.58 3 17

Forages
Alfalfab 0.50 10 50
Bermudagrassc 0.40 10 40
Tall Fescuea 0.35 9 31

Adapted from aPierzynski and Logan (1993), bLanyon and Griffith (1988), and cVieira et al. (1999).

Plants vary widely in their P concentrations,

with most forages containing from 0.1 to 0.5% P
(Table 2), much less than the concentration of other
major essential elements such as N and K (2 –

4%). Decreased plant absorption associated with
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inorganic fertilizers applied at the same total N

amount showed that, N leaching was lower from
organic manure than mineral fertilizer under
grazing (Jarvis et al., 1987).

Table 3 - Nutrient concentrations based on dry
matter of fresh and anaerobically decomposed
animal manure and sewage biosolids.

Type of material C (%) N (%) P (%)
Cattle Feces

Fresh 43.0 2.33 0.90
Anaerobic 40.4 4.15 0.93

Swine Feces
Fresh 44.7 3.08 2.90
Anaerobic 44.4 4.25 1.97
Sewage Biosolids 32.0 4.00 2.50

Adapted from Pierzynski et al. (2005).

Figure 1 - N mineralization of manure from
three different animal species.

practices (Pierzynski et al., 2005).

Organic agricultural and municipal by-
products are often the applied repeatedly to the
same soils within a limited geographic area for

economic reasons. In addition, manure application
rates often have been based on crop N requirement.
Under these scenarios, soil P may buildup to levels

of environmental concern. On concentrated animal-
based agriculture (feedlot, dairy, swine, and
poultry operations), where harvested organic P

(grains, forages, and silage) is transformed into
animal manure organic and inorganic P (as much
as 60% of the P in some animal manures is

inorganic P) (Pierzynski et al., 2005). With time,
much of the organic P added in biosolids and
manures is degraded by soil microorganisms and

converted to soluble and inorganic forms of P. The
increase in soil P availability is related to the rate
of manure application. For four loam soils

receiving long-term (8-35 years) poultry or swine
manure, available P concentration of the surface
50 cm of soil increased an average of 27 kg P ha-

1 for every 100 kg P ha-1 of added manure (Sharpley
et al., 1991).

2.3 Supplementation
Supplementation is an indirect way that

nutrients can be brought into grazing lands. The
proportion of ingested nutrients utilized by farm
animals is relatively small. On average, 80% of

the N, 78% of P, and 95% of K present in the fodder
is recovered in animal excreta. The composition
of excreted animal residues depends on species

and age of the animal and type of diet (Kirchmann,
1994).

Energy supplementation to livestock grazing

high-N forages may reduce N losses through
excreta, lowering N emissions to the environment
and increasing N-use efficiency by the animal

(Vuuren et al., 1993). Valk & Hobbelink (1992)
reported an increase in N-use efficiency and a 50%
reduction in N excreted through urine when cows

were fed a balanced diet in terms of energy and
protein. In contrast, increased N intake of
ruminants beyond their requirements resulted in

larger excretion of urine N (Van Vuuren & Meijs,
1987).

Phosphorus losses from intensive livestock

farms account for as much as 47% of the P loading
to bodies of surface water, depending on the

In general, the key to effective use of organic
N sources is an understanding of the factors that

influence the extent and rate of conversion of
organic N to forms that are available for plant
uptake or for loss to the environment. The

availability of N in organic by-products will be
influenced by their composition, a factor that is
largely controlled by production and storage
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watershed (Smith & Alexander, 2000). These P

losses may be reduced significantly by feeding
rations that more precisely meet the requirements
of animals. A reduction in dietary P to more closely

match the cow’s requirement can result in 25 to
30% less manure P and a savings of 10 – 15 US$
per cow per year in P supplementation cost (Wu

et al., 2000).
Although it is well known that P is an essential

and critical nutrient for animal production,

management changes can be made to prevent the
long-term accumulation of soil P on dairy farms
while improving farm profitability (Rotz et al.,

2002).

3. Nutrient transport and eutrophication

For decades, soil fertility primarily focused on
the agronomic aspects of crop and livestock

production. However, because of the growing
concerns over accelerated water degradation,
current nutrient management programs are based

on environmentally sound management practices
that result in optimum profitability, while
protecting the environment.

Excessive application of fertilizers or animal
wastes can result in nutrient buildup in the soil
and subsequent transport to surface waters. In most

freshwater systems, primary productivity is limited
by inadequate levels of nutrients, primarily N and
P. External nutrient inputs from surface runoff and

groundwater discharge can dramatically increase
N and P status of natural waters, stimulating
biological productivity and a general degradation

of water quality. This phenomenon of nutrient
enrichment in aquatic system, also known as
eutrophication, has been identified as the major

cause of surface water impairment in the USA
(USEPA, 1996). Besides the concerns associated
with drinking water quality, the process of

eutrophication can also affect algae, aquatic plant
diversity and productivity, and water use for
recreation and fisheries.

Both human and natural factors may affect the
trophic status of aquatic systems. Four trophic
levels have been identified by limnologists who

used as a tool to assess the nutrient levels of fresh
water resources. Oligotrophic lakes are very low
in nutrients, so few algae grow and the water is

very clear. Oligotrophic lakes are biologically less

productive lakes and support very few plants and

fish. Mesotrophic lakes  are moderately
productive, with slightly green water. Eutrophic
lakes are productive lakes with murkier water, and/

or lots of plants. Hypereutrophic lakes are very
high in nutrients and their water is clouded with
algae. Hypereutrophic lakes are the most

biologically productive lakes, and support large
amounts of plants, fish, and other animals.

As agriculture continues to modernize and

intensify, public concerns about the impacts of
plant nutrients and organic contaminants on
environmental quality will increase. Because of

the rapid population growth rate in many parts of
the world, agriculture and urban societies will
increasingly compete for finite water supplies.

Protecting water quality while maintaining a
profitable agriculture will be a major challenge
for the future generations.

3.1. Nitrogen and the environment
Nitrogen is unquestionably the most important

crop nutrient and yet, the most difficult element
to manage. To fully understand the environmental

problems associated with N, it is important to
recognize the various aspects of N dynamics in
terrestrial ecosystems. Nitrogen is a very dynamic
nutrient and can occur in different chemical forms

in the soil and atmosphere (Figure 2).
Total N concentration in the top 15 to 20 cm

of surface soils ranges from 0.01 in desert soils to

2.5% in peat soils (Prasad & Power, 1997). The
majority of the soil N occurs in organic forms, such
as proteins and amino sugars. A small fraction of

soil total N is found as inorganic forms (NH
4
+ and

NO
3
-).

Once N is mineralized, inorganic N can be lost

via different pathways. For instance, when
ammoniacal fertilizers are surface applied, a
considerable fraction of the N can be lost by NH

3

volatilization. Especially in soils with relatively
high soil pH, NH

3 
volatilization, as described in

eq. 1 and 2, can be an important pathway for N

losses.

NH
4
+ + OH+ = NH

3(Sol.)
 + H

2
O         (1)

                        NH
3(Sol.)

 = NH
3(gas.)                    

(2)

Similarly to NH
3 
volatilization, under specific

conditions NO
3
- can be reduced to gaseous forms
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of N (NO, N
2
O, and N

2
). This process, also knows

as denitrification, is represented by eq. 3.

NO
3
- →→→→→ NO

2
- →→→→→ NO →→→→→ N

2
O →→→→→ N

2                                          
(3)

Unlike NH
4

+ that can be retained by soil
colloids, NO

3
- moves easily in the soil profile.

Movement of NO3- below the root represents a

serious economic and environmental problem for
farmers. Extensive research with fertilizer, by-
products and animal manure has been conducted

in order to minimize NO
3
- leaching potential and

numerous best management practices have been
developed to improve N efficiency. However,

alternatives to minimize N pollution will likely be
site-specific and will depend on soil physical and
hydraulic characteristics, as well as the rainfall and

irrigation regimens of a specific region.
Controlling N leaching has become a major

issue in the USA because of the growing concerns

over increased concentrations of NO
3
- in drinking

water. The USA Environmental Protection Agency
established in 1996 the maximum NO

3
-

concentration in drinking water of 10 mg NO
3
-N

L-1 (USEPA, 1996). This standard is believed to
protect human health and avoid the adverse

environmental effects associated with increased NO
3
-

levels in groundwater resources.

3.2 Phosphorus and the environment

Unlike N, which constitutes 79% of the

atmosphere, most of earth’s P is found in terrestrial
ecosystems. In soils, P can be found in organic
and inorganic forms (Figure 3).

Organic P is mineralized by soil organismsinto
inorganic P forms, which can be absorbed by
plants. The chemical distribution of inorganic

forms of P in soils is dependent on soil pH;
however, in general, H

2
PO

4
- is the predominant

chemical P species in agricultural soils. Soil P is

most available for plants at pH between 6 to 7. In
slightly acidic environments (pH less than 6),
plant-available P becomes increasingly tied up in

iron and aluminum phosphates and crop nutrient
deficiency may occur.

Although P is essential in agriculture for plant

and animal growth, environmental concerns over
P movement into water reservoirs has become a
major focus of water quality programs.

Phosphorus may be transported from agricultural
soils into water bodies via surface runoff,
subsurface lateral flow, and leaching (Sharpley et

al., 1993). The magnitude of each pathway in terms
of P transport will depend on the soil and landscape
characteristics. For instance, in sandy soils with

little P-retention capacity, leaching is likely the

Figure 2 - Nitrogen cycle in terrestrial ecosystems.
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primary mechanism for P transport. Readily

available P is more susceptible to transport;
however all other forms are also vulnerable to
losses.

 Increased P concentrations in aquatic systems

can stimulate biological productivity resulting in
accelerated eutrophication of surface water.
Phosphorus is the most limiting element in many

aquatic systems and has been suggested as the
major cause of water impairment in many regions
in the USA (USEPA, 1996). Phosphorus

concentrations as low as 10 µg P L-1 have been
suggested to cause environmental problems
associated with water quality (Pierzynski et al.,

2005).
Confined animal operations and improper

fertilization are considered to be the major sources

of P entering water bodies. This phenomenon
occurs primarily as a result of the intensification
of agriculture, which has created imbalances

between P inputs and outputs. Changes in soil P
status in agricultural soils are largely dependent
on agricultural practices. Nutrient management

practices that can reduce P inputs and yet maintain
crop and animal production have been the major
focus of many research programs in the USA. In

P-sensitive watersheds, where soil P levels were
increased due to agricultural activities, P

application is restricted by environmental

regulatory agencies. Because soil test alone can
not predict P transport, many other factors (i.e.,
rainfall, erosion potential) have been identified as
indicators in different regions of the US as a tool

to efficiently assess the risk of P pollution. The P
index, for instance, was developed by 49 states in
the USA as a nutrient management tool to predict

the risk of P loss from agricultural fields (Sharpley
et al., 2003; Snyder et al., 1999). The P index
incorporates soil chemical and physical attributes

and the characteristics of the watershed to address
the site-specific potential for P losses. Based on
the P-index concept, a site can be classified as very

high, high, medium, or low risk of environmental
P losses, and best management practices that can
effectively minimize P transport can be selected

for specific fields.

Figure 3 - Phosphorus cycle in terrestrial ecosystems.
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4. Nutrient cycling on grazed pastures

4.1 Pathways of nutrient return
Nutrient retention in cattle body tissue and

nutrient export through beef or milk usually
represents less than 30% of total nutrient ingested
by cattle (Wilkinson & Lowrey, 1973; Haynes and

Williams, 1993). Therefore, most nutrients
ingested by cattle returns to the pasture via excreta.
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The proportion of the nutrients not consumed

returns via deposition of senescent plant material,
the litter, on the soil. Thus, excreta and litter are
the two major pathways of herbage nutrients return

to the soil (Thomas, 1992).
Herbage nutrients (e.g., N and P) represent a

minor portion of total nutrients contained in a

pasture ecosystem contrasting with soil organic
matter (SOM) which is the major reservoir of
pasture nutrients (Dubeux et al., 2004). The lesser

proportion of herbage nutrients compared to other
nutrient pools, however, does not reduce the
importance of the herbage pool on pasture nutrient

cycling. The importance of herbage nutrients in
terms of nutrient supply increases because excreta
and above-ground litter decompose faster than

below ground biomass and SOM (Dubeux et al.,
2006a). In fact, as management intensity increases
(i.e., fertilizer use, stocking rate), it also increases

the importance of herbage nutrient pool and it may
supply even more nutrients for plant and microbial
growth than SOM mineralization (Dubeux et al.,

2004; Lira et al., 2006).
Nutrient return through excreta is not uniform.

Cattle tend to congregate in small areas of the

pasture, usually near shade, watering, and camping
sites (Mathews et al., 1996; Haynes & Williams,
1999). Thus, a greater proportion of excreta return

occurs on these areas, reducing soil fertility in
other pasture areas and increasing nutrient
concentration at the resting sites (Dubeux et al.,

2006b). Partitioning of nutrients between feces and
urine also reduces the uniformity of nutrient return
through excreta. Cattle grazing a given patch

consume forage containing different nutrients;
however, the return does not occur uniformly at a
given site. Phosphorus, Mg, and Ca return mainly

in feces while K and Na return mainly via urine
(Mathews et al., 1996). Because dung and urine
events often do not occur at the same site, nutrient

return is not uniform.
Litter is the other pathway of nutrient return

on grazed pastures. Compared to excreta, nutrient

return through litter is more uniform (Dubeux et

al., 2006a). Litter decomposition with consequent
nutrient supply for plant and microbial growth

depends upon litter quality indicators, such as C:N,
lignin:N, ADIN, and polyphenols (Myers et al.,
1994; Dubeux et al., 2006c; Thomas and Asakawa,

1993). Litter of tropical grass pastures is hard-to-

decompose due to its high C:N ratio, lignin:N, and

acid detergent insoluble N (ADIN). As a result,
nutrient immobilization occurs to a great extent
in these areas, and it is considered one of the major

causes of pasture decline (Robbins et al., 1989).
In Brazil, most of the planted pastures are pure
grass stands, usually from the Brachiaria genus,

and to a lesser extent from the Panicum and
Andropogon genera (Boddey et al., 2004).
Therefore, low quality litter accumulation may be

one of the causes of extensive pasture degradation
in Brazil.

Nutrient bioavailability is greater in excreta

than plant litter (Mathews et al., 1996), leading to
a faster uptake by plants. The negative aspect of
this is the nutrient loss, which is also greater when

it returns via excreta, particularly N (Boddey et

al., 2004). Because increasing stocking rate leads
to a greater proportion of nutrient return via excreta

compared to litter (Thomas, 1992), Boddey et al.
(2004) concluded that pasture decline is hastened
by increasing stocking rates without increase

pasture primary productivity (i.e., increase in
grazing pressure).

4.2 Management options to improve nutrient
cycling efficiency

Grazing management exerts a major influence

on herbage nutrient returns, altering the proportion
of nutrients returned via excreta and litter
(Thomas, 1992). Stocking method is one

management option to improve nutrient
distribution. Rotational stocking with short grazing
periods may provide the high stocking density

necessary to enhance uniformity of excretal return
while reducing steep nutrient gradients near shade
and watering sites (Peterson & Gerrish, 1996).

Dubeux (2005) compared dung distribution of
heifers under two rotational stocking strategies (7-
d and 1-d of grazing period) with continuous

stocking on Pensacola bahiagrass (Paspalum

notatum Flügge) pastures. Rotational stocking
with a 1-d grazing period promoted a more

uniform dung distribution (Poisson distribution)
compared to rotational stocking with 7-d grazing
periods and continuous stocking, which followed

a negative binomial distribution. Contrasting with
this result, Mathews et al. (1994) suggested that
stocking method may have little effect on short-

term (2-yr) soil nutrient distribution, especially
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when grazing occurs during months when

temperatures are high. These contrasting results may
be due to the fact that Mathews et al. (1994) moved
the water trough and the portable artificial shades

along the fence line in both continuously and
rotational stocked pastures, reducing potential
nutrient concentration near those sites, while Dubeux

(2005) did not move shade and watering points
under continuous stocking, a practice more
common among producers. Russelle (1997)

suggested that moving shades and watering points
improves nutrient distribution, but this may not
be practical for more extensive systems.

Animal aspects that influence solar radiation
tolerance may be considered in warm climates as
tools to enhance nutrient distribution. Cattle breed

and coat-color may interact with environmental
conditions and thereby affect pasture utilization
and nutrient redistribution patterns (Sollenberger

et al., 2002). In this aspect, Brahman cattle spent
less time under shade than non-Brahman cattle
(Blackshaw & Blackshaw, 1994) and Holstein

cows with predominantly black coats spent 20 min
d-1 more time under shade in Florida, USA
compared to predominantly white-coated cows

(Macoon, 1999). Because there is a correlation
between time spent in a particular pasture area and
the number of excretions (White et al., 2001), the

more time the cattle spend under the shade, the
greater is the nutrient concentration in that area
(i.e., less uniformity of distribution).

Soil mesofauna may also improve nutrient
cycling efficiency. Dung beetles (Scarabaeidae
family) and earthworms (Lumbricidae family)

increase the rate of mineralization, and reduce NH3

volatilization by incorporating feces into the soil,
reducing denitrification through elimination of

anaerobic zones within fecal deposits (Mathews
et al., 1996; Mathews et al., 2001).

As mentioned in item 3.1, C
4
 grasses produce

low quality litter leading to nutrient immobilization
and that is a potential problem for low-input/low-
soil fertility pastures. On the other hand, increasing

stocking rate decreases deposited litter (Cantarutti
et al., 2002) but increases nutrient losses via
excreta (Boddey et al., 2004). A possible way to

overcome these two situations and promote a more
efficient nutrient cycling is by having a better
quality litter. Mixed grass-legume pastures

(Cantarutti et al., 2002) or pasture fertilization

(Dubeux et al., 2006d) are two options to improve

litter quality. Economic aspects of pasture
fertilization in tropical developing countries have
not been favorable in the last years (Martha et al.,

2004), therefore, the inclusion of a forage legume
in pure grass pasture remains the best option to
improve litter quality in these countries (Cantarutti

et al., 2002, Dubeux et al., 2006a, Lira et al.,
2006). Recent successful stories of grass-legume
pastures in warm-climates include Desmodium

ovalifolium (Cantarutti et al., 2002), Arachis pintoi

(Valentim and Andrade, 2005a), Pueraria

phaseoloides (Valentim & Andrade, 2005b), and

Calopogonium mucunoides (Zimmer & Seiffert,
1983) in association with different Brachiaria

species.

5. Summary and Conclusions

Rapid population growth will decrease the land
designated to grassland forcing producers to
intensify their agriculture systems. Intensification

is associated with inputs to increase forage and
animal production. Fertilizers and supplements are
frequently used to achieve this goal. Nutrient

cycling concepts can be used to maximize the
utilization of nutrients already present in the
grassland systems and consequently decrease the

utilization of inputs that might be detrimental to
water quality and the environment. There is a need
to explore multidisciplinary forage research areas

and generate scientifically sound data that will be
used for future environmental policies that may
be adopted by regulatory agencies.
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