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ABSTRACT

The main inputs and outputs of nitrogen (N) and phosphorus (P) in soils and swards under 
typical Southern Chilean conditions were determined between 2004-2005 and 2006-2007 
to establish soil and field gate N and P balances under different immediate stocking rates 
(63 and 191 anim ha-1 d-1) and field slope treatments (4 and 12%). Treatments received 
67.5 and 40 kg N and P ha-1 yr-1 as inorganic fertilizer. The main N and P input to the soil 
balances was N mineralization (304 kg ha-1 yr-1) and inorganic fertilizer (62 and 69% for 
N and P, respectively). The main output for all treatments was plant uptake (95% and 
100% on average for N and P, respectively). The N and P apparent use efficiency was 
high (>95%). The main N and P input to field gate balances was inorganic fertiliser (>95%), 
while animal production had a minor effect on N and P export. The soil balances ranged 
from -303 up to +58 and from -3 up to +20 kg of N and P ha-1 yr-1. Field N and P gate 
budgets ranged between -309 up to +58 and from -8 up to +20 kg of N and P ha-1 yr-1, 
respectively, indicating a potential soil degradation in areas with low nutrient inputs in 
inorganic fertiliser and an overaccumulation in areas with low dry matter production of 
the grassland, which in turn can lead to environmental constrains. This should be especially 
considered for dairy systems, which are more intensively managed. 	
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RESUMEN

Las principales entradas y salidas de nitrógeno (N) y fósforo (P) en un suelo y pradera 
típica de las condiciones del sur de Chile fueron determinadas en 2004/05 y 2006/07 para 
establecer balances de suelo y puerta bajo diferentes cargas animales (63 and 191 anim 
ha-1 d-1) y pendiente topográfica (4 y 12%). Los tratamientos recibieron 67,5 y 40 kg N y 
P ha-1 año-1 como fertilizante inorgánico. Las principales entradas de N y P al suelo fueron 
la mineralización de N (304 kg ha-1 año-1) y la fertilización inorgánica (62 y 69% para N 
y P, respectivamente). Las principales salidas para todos los tratamientos fue la extracción 
de las plantas (95% y 100% en promedio para N y P, respectivamente). La eficiencia de 
uso de N y P fue alta (>95%). El principal ingreso de N y P al balance de puerta fue el
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fertilizante inorgánico (>95%), mientras que la producción animal tuvo un efecto despreciable 
sobre la exportación de N y P. Los balances de suelo variaron entre -303 y +58, y desde 
-3 a +20 kg de N y P ha-1 año-1. Los balances de puerta variaron entre -309 y +58, y entre 
-8 y +20 kg de N y P ha-1 año-1, respectivamente, indicando un potencial de degradación 
de suelo en áreas con bajo ingreso de nutrientes en fertilizantes inorgánicos y una 
sobreacumulación en áreas con bajo nivel de producción de materia seca, lo que puede 
resultar en restricciones medioambientales. Esto debería considerarse especialmente en 
sistemas de producción de leche, que son más intensivamente manejados.

Palabras claves: carga animal, pendiente topográfica, pastoreo, balances de nutrientes.

(i.e. Ledgard et al., 1999) and their 
contribution to farming and policy decisions 
has increased in the past few years. 
Nevertheless, this methodology has 
restrictions as they can not be used alone 
as safe guidelines for farmers or scientists, 
because of the need to account for individual 
items (inputs, outputs), in both absolute and 
relative terms (Van Noordwijk, 1999). In 
European countries N and P balances usually 
show surpluses of these nutrients, with 
potential negative environmental impacts 
(i.e. Jarvis, 1993; Haygarth et al., 1998). 

In Chile, there is little information on N 
soil and farm budgets (Dumont and Alfaro, 
1998; Nuñez et al., 2008), with no published 
data for N budgets for closed grazed systems 
or P budgets in grazed areas. The objective 
of our study was to establish N and P soil 
and field gate balances in grassland systems 
of Southern Chile, with different immediate 
stocking rates and different field slopes. 
The results of this study will help to validate 
this tool for Chilean livestock systems and 
will contribute to focus the research on 
environmental aspects related to livestock 
production under local conditions.

MATERIALS AND METHODS

Experimental site
A field experiment at INIA Remehue 
(40º35’ S, 73º12’ W) was used between 
2004 and 2006 to establish soil and gate 
balances for N and P in beef cattle grazing

INTRODUCTION

The Lake Region of southern Chile has 
suitable climatic conditions and soil types 
for cattle production. Consequently, 56% of 
the national cattle herd is concentrated in 
this maritime temperate climatic region, 
grazed on natural and improved pastures. 
These cattle produce 70% of the country’s 
milk and 50% of the meat (INE, 2007). In 
addition, 80% of Chile’s dairy farmers are 
located in this region and they own 67% of 
the land dedicated to dairy production used 
nationally (Anrique, 1999). 

Livestock production use nitrogen (N) 
and phosphorus (P) as inorganic fertilizer, 
being these elements the main cost of 
fertilizer application. In grasslands, N-
fertilization range between 0-200 kg N     
ha-1 yr-1 and P-fertilization range between 
35-90 kg P ha -1 yr -1, with possible 
implications for N and P positive surpluses 
in these livestock systems. Also, and N and 
P inputs in animal feed has increased over 
the last ten years in the area, because of the 
use of greater stocking rates (Alfaro and 
Salazar, 2005), which in turn, demands a 
greater nutrient input per area unit. Despite 
this, Chilean livestock systems can be 
considered as extensive if compared with 
European, New Zelander or Northeamerican 
productive systems, where inputs in fertilizers 
and animal feed overcome inputs compared 
to our conditions.

Nutrient balances have been widely used 
as tools for predicting the potential 
environmental impact of livestock systems
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systems. Soil at the site is an Andisol from 
the Osorno soil series (Typic Hapludands; 
CIREN, 2003), with 6% slope, >1 m depth, 
18% organic matter content, high Olsen P 
and low aluminium saturation index (Table 
1). This index describes the relationship 
between Al and other cations in the soil 
solution (Ca+Mg+K+Na). According to a 
weather station located within 1 km distance, 
the mean annual precipitation for the area 
is 1,278 mm after 31 yr records.

Treatments
Two immediate stocking rates of 63 and 
191 steers ha-1 day-1 were tested on a 4% 
soil slope paddock and the 63 steers ha-1 

day-1 treatment was also tested on a 12% 
soil slope padock (Table 1). All systems 
were managed as closed beef cattle 
production systems (ca. 2 ha each) grazed 
by Holstein-Friesian steers (3.5 steers ha-1) 
with an initial live weight of 212 ± 9.9 kg, 
173 ± 23.0 kg and 248 ± 12.0 kg for 2004, 
2005 and 2006, respectively. The grazing 
periods varied between years and the average 
number of grazing days was 250. During 
winter time (60 days) animals received hay 
as supplementary feed.

Table 1: Experimental treatments used in the present experiment.

Cuadro 1: Tratamientos experimentales usados en el presente experimento.

Paddocks were divided into 54 strips and 
animals were managed under rotational 
grazing on a permanent pasture 20 years 
old that had always been used for grazing 
with beef cattle, with one new strip every 
third day for the low immediate stocking 
rate and one new strip each day for the high 
immediate stocking rate treatments. The 
main plant species in the pasture were 
Lolium perenne, Dactylis glomerata and 
Holcus lanatus. The numbers of grazings 
during the drainage period were six, 10 and 
nine for 2004, 2005 and 2006, respectively.

The treatments were fertilized in autumn 
2004 (April), applying 45 kg N ha-1 (urea 
fertilizer, 46% N) and in spring (early 
September), with 22.5 kg N ha-1 (sodium 
nitrate, 16% N) and 30 kg P ha-1 (triple 
superphosfate, TSP, 46% P2O5). During 
autumn (March) 2005 and 2006 the 
treatments were again fertilized with 45 kg 
N ha-1 (sodium nitrate). In spring (final 
August) 2005 and 2006  the treatments 
received 22.5 kg N ha-1 (sodium nitrate) 
and 30 kg P ha-1 (TSP). The amount and 
timing of fertilizer applications represented 
the typical management of a beef farm in 
the area.

Nutrients balances in beef cattle and their impact on the environment, Alfaro et al.
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Soil sampling
Soil samples were taken randomly from all 
treatments following a zig zag distribution, 
in February each year at 0-10 and 10-20 cm 
depth. Sixteen cores were taken randomly 
on each occasion and the samples were 
bulked into two duplicates forOlsen P and 
other nutrients according to the methodology 
described by Sadsawka (1990). 

Nitrogen and phosphorus losses
To quantify N and P losses in surface runoff, 
three surface lysimeters (5 x 5 m, 0.5 m 
depth) were established in each closed 
treatment. The lysimeter is a dimanond 
shape plot that isolates a known area of the 
paddock, allowing the collection of surface 
runoff and subsurface runoff (0-50 cm) with 
the use of drainage pipes (Alfaro and 
Salazar, 2007). Lysimeters were isolated 
with the use of a portable electric fence to 
avoid contamination with urine or dung 
from grazing animals. Leaching was 
estimated as the difference between rainfall 
and evapotranspiration at the site, after 
discounting surface and subsurface runoff. 
Nitrogen leaching losses at 60 cm depth 
were estimated with the use of ceramic cups 
(nine per treatment). Leachate samples were 
collected fortnightly in 2004 and every 100 
mm drainage in 2005 and 2006. Drainage 
for the period was calculated according to 
Lord and Shepherd (1993).

Nitrogen and phosphorus inputs in rainfall
Rainfall was measured with an automatic 
weather station placed within 1 km distance 
of the experimental site and weekly samples 
of rainfall were analysed for available N and 
P, according to Robarge et al. (1983) for 
nitrate, Mulvaney et al. (1996) for 
ammonium and Clesceri et al. (1998) for P.

Dry matter production (DM)
Dry matter yield of the pasture was 
measured with the use of three exclusion-
cages (1 m2) which were cut at the ground 
level immediately after grazing. These data 
was compared with the residual vegetal 
material cut from a contiguous cage (0.5

m2), so that the sampling of the exclusion 
cages was consider the initial availability 
of green matter (entrance) and that from the 
contiguous cage was considered as the final 
availability (remainder). The net production 
of DM was calculated as the difference  
between the total availability before grazing 
(exclusion cage) and that considered in the 
remainder of each grazing (contiguous cage), 
based on the DM content of the harvested 
forage. The fresh material (initial and 
remainder) was weighed and 200 g were 
then oven dried at 60ºC by 48 hours or until 
constant weight. A sub sample of the initial 
material was then grounded in a Willey mill 
(1 mm sieve) for later laboratory analysis 
of N (Kjeldahl; AOAC, 1970) and P 
(Sadzawka et al., 2004). Using this 
information and the total DM production, 
the total N and P plant uptake for the relevant 
period was calculated.

Livestock production
The animals were weighed once per month 
and the total N and P export in live weight 
was estimated according to Haynes and 
Williams (1993) and NRC (1996).

Nitrogen and phosphorus budgets
For the soil budgets, N and P applied as 
fertilizer and N and P recycled from grazing, 
N and P deposition in rainfall, N generated 
by biological fixation (NBF), and N 
mineralization were considered as inputs. 
The legumes contribution was estimated 
according to Ledgard et al. (1999) and N 
mineralization according to Hatch et al. 
(1990). Nitrogen leaching, N volatilization 
and total N plant uptake were considered 
as outputs. Leaching was determined as 
described previously and ammonia 
volatilization according to Misselbrook    
et al. (2000). For the field gate budgets (i.e. 
inputs and outputs entering and leaving the 
paddocks), N and P in fertilizers and 
supplementary feed were considered as 
inputs and animal export as output. By 
definition, field gate balances do not 
consider atmospheric deposition . Balances 
were used to estimate the apparent N and
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P use efficiency for primary (soil balances) 
and secondary (gate balances) production, 
according to . 

Statistical analysis
ANOVA test was used to determine 
significant differences between treatments 
for dry matter production and N and P 
content of the grass. For these variables,

replicated samples (three for DM and 
nutrients content) were considered at each 
sampling time. For the animal export data 
the effect of the year was used as replicate 
to increase the number of degree of freedom.
Differences in soil and gate balances 
between treatments were calculated using 
the effect of the years as replicates. Genstat 
7.1 was used as statistical package.

Table 2: Effect of treatments on soil parameters (0-20 cm); averages for autumn 2004, 
2005 and 2006 ( s.e.).

Cuadro 2: Efectos de los tratamientos sobre los parámetros de suelo (0-20 cm); promedios 
para los otoños 2004, 2005 y 2006 (± e.e.).

Nutrients balances in beef cattle and their impact on the environment, Alfaro et al.
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Table 3: Gate N and P budgets (kg ha-1 yr-1) and nutrients use efficiency (%) for the 
treatments in 2004, 2005 and 2006 (± s.e.).

Cuadro 3: Balances de puerta de N y P (kg ha-1 año-1) y eficiencia de uso de nutrientes 
(%) por tratamiento en 2004, 2005 y 2006 (±e.e).
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RESULTS

Rainfall
Total rainfall in 2004 was 1,231 mm, similar 
to that of an average year for the area (1,278 
mm). Both 2005 and 2006 had a surplus 
equivalent to 201 and 182 mm of rainfall, 
respectively. Average N and P deposition 
in rainfall for the experimental period was 
5 ± 2.6 and 0.5 ± 0.20 kg N and P yr-1, 
respectively.

Nitrogen and phosphorus in soil
No differences were found between 
treatments for the soil parameters, neither 
between years (P > 0.05; Table 2). Soil had 
adequate nutritional status for livestock 
production, excepting for the sulphur 
content, which could be increased through 
fertilizer addition. Aluminium saturation

index was low at the beginning of the 
experiment, but increased over the years in 
treatments with greater dry matter yield, in 
response to a greater cations plant uptake, 
as described previosly for Andisoils by 
Mora et al. (2006).

Nitrogen and phosphorus budgets  
Soil 
The main N and P input to the soil budgets 
was N mineralization and inputs in fertilizer 
(62 and 69% on average for N and P, 
respectively). The main output for all 
treatments was plant uptake (95% and 100% 
on average for N and P, respectively). Total 
N leaching losses ranged from 8 up to 17 
kg ha-1 yr-1, and did not vary between 
treatments. Nitrogen and P losses in runoff 
were neglible (Table 3). The N and P 
apparent use efficiency was high (> 95%).

Different letters in columns indicate significant differences between treatments over the 
years for N and P balances (P ² 0.05)
N and P efficiency: relative efficiency of use of N and P inputs in components of the 
system

Nutrients balances in beef cattle and their impact on the environment, Alfaro et al.
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Table 4: Soil N and P budgets (kg ha-1 yr-1) and nutrients use efficiency (%) for the 
treatments in 2004, 2005 and 2006 (± s.e.).

Cuadro 4: Balances de suelo de N y P (kg ha-1 año-1) y eficiencia de uso de nutrientes (%) 
por tratamiento en 2004, 2005 y 2006 (± e.e.).
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Different letters in columns indicate significant differences between treatments over the 
years for N and P balances (P ² 0.05). 
Nitrogen and P efficiency: relative efficiency of use of N and P inputs in components of 
the system
Amonia losses and N mineralistaion were measured from 2005 onwards
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Field gate 
The main N and P input was inorganic 
fertiliser. Field N and P gate budgets varied 
between -309 and +58 and between -8 and 
+20 kg of N and P ha-1 yr-1, respectively 
(Table 4), with no difference between 
treatments (P > 0.05).  Overall N use 
efficiency varied between 20 and 25%, while 
overall P efficiency varied between 9 and 
11%.

DISCUSSION

The increase in the stocking rate and in the 
field slope did not affect the overall N and 
P soil and gate balances, mainly because 
the treatments did not affect substantially 
the exports of DM production and animal 
product. 

Nitrogen and phosphorus budgets
The large impact of plant uptake on N and 
P field gate budgets was clear despite the 
fact that, from year to year, the amounts of 
nutrients involved in the budgets were 
different. Inputs to both the soil and field 
gate budgets were small compared with 
other published data in which fertilizer 
addition and imports in concentrates are the 
main inputs, with amounts equivalent to 
over 1,000 kg ha-1 yr-1 for intensive dairy 
systems (e.g. Bacon et al. 1990), In the 
present study, organic matter mineralization 
was the main N input for all treatments and 
P fertilizer application was the main P input 
for all treatments. This situation can be 
related to the high organic matter content 
of the soil (> 17%, Table 1). This organic 
fraction can be transformed to available 
forms through mineralisation (Whitehead, 
2000). The contribution of rainfall to N and 
P inputs was similar to that reported by 
Oyarzún et al. (1997) for the area (Table 3).
    In soil budgets, plant uptake represented 
between 95% and 100% of the total outputs 
for N and 100% of total outputs for P, 
because N and P losses by leaching and 
runoff were low in relation to other similar 
cattle production systems. Betteridge et al.
(2004) and Haygarth et al. (1998) have

reported losses of 30-70 kg N ha-1 yr-1 and 
5 kg P ha-1 yr-1 for British beef production 
systems, respectively. Our low N losses 
were probably because the lower stocking  
rates used and the low N input in fertilizer. 
Phosphorus runoff losses were greater in 
the 12% slope treatment (P ² 0.05), but they 
were negligible for the soil P budget. The 
low estimated values were related to the low 
runoff production of this volcanic soil, even 
in the 12% slope treatment, which is the 
result of the high infiltration capacity of top 
soil layer (Alfaro and Salazar, 2007), a 
typical characteristic of volcanic soils (Dorel 
et al., 2000). 

Overall soil N budgets were not different 
between treatments (P > 0.05), probably 
because the natural variability between years 
in response to different climate conditions, 
because N fertilizer addition was the same 
in all treatments (Table 1) and because its 
effect could have been masked by the high 
soil organic matter content, as described 
previously for similar soils with inorganic 
fertilizer addition (Alfaro et al., 2006), so 
that N mineralisation could control the N 
soil budget over agronomic or animal 
managements. The tendency to negative 
budgets with the higher stocking immediate 
stocking rate was the reflection of a larger 
plant uptake in this treatment, which resulted 
in higher nutrient use efficiencies (Table 3). 
Overall soil P budgets differed between 
treatments (P ² 0.05; Table 3), showing a 
tendency for P accumulation in the soil in 
the 12 % slope treatment (P ² 0.05), given 
by the greater P input in supplementary feed, 
as a result of the lower DM yield during 
winter months in this treatment (P ² 0.05).

The direct effect that animals had on N 
and P export was small, as reported by other 
authors (e.g.Wiiliams, 1998). A greater 
impact of N and P in animal export is 
expected from more intensive dairy systems 
as described for New Zealand dairy farms 
(Haynes And Williams, 1993) and Chilean 
dairy grazing systems (Nuñez et al., 2008). 
Higher stocking rates will also favor N and 
P export. Soil N and P budgets showed that, 
in grazed areas when little N and P was

Nutrients balances in beef cattle and their impact on the environment, Alfaro et al.
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reported for dairy grazing systems in the 
area of study, which ranged between 80 and 
134 kg P ha-1 yr-1 (Dumont and Alfaro, 
1998), probably because the lower P input 
in supplementary feed, in the beef systems. 

Even though our results indicate that the 
risk of nutrients losses from beef grazing 
systems is low, beef and especially dairy 
grazing systems of southern Chile should 
consider best agronomic management 
practices as a way forward to prevent 
environmental damage to the area. This is 
due to the great proportion of surface water 
bodies (rivers, strems and lakes) located 
near by grazing paddocks in the area of 
study. Also, even though N and P losses in 
runoff were low, they were strongly related 
to inorganic fertiliser application (Alfaro  
et al., 2008) and to N and P concentrations 
increased on stream waters in the near by 
area (unpublished data).

On the basis of the present results, the 
possibilities to improve the efficiency of N 
and P use in such grassland systems are:

• in cut areas, fertilizer application should 
match N and P plant requirements. Heavy 
applications should be avoided late in 
summer or at any point during winter, 
especially prior to heavy rainfall events, 
when the risk of immediate loss is greater. 

• in grazed areas, depending on the 
stocking rate and the grazing efficiency, the 
amounts of N and P recycled can reach levels 
equivalent to the amounts applied as mineral 
fertilizer, especially in low input systems. 
An efficient grazing system will provide the 
means of controlling the distribution. 

CONCLUSIONS

The immediate stocking rate and the field 
slope did not affect N and P balances because 
it did not affect the dry matter yield of the 
grazing system, as this was the main output 
of nutrients. 

The main N input in all treatments was 
the N mineralization and the main output 
was plant N uptake. Livestock production 
had little effect on N and P export, but a

applied as fertilizer, recycling from grazing 
and soil contribution became important as 
input and that in grazed areas it is a 
mechanism by which negative N and P 
balances can be avoided. This could be of 
high relevance in areas where subsistence 
agriculture do exist. In practice, whether 
swards are cut or grazed will depend upon 
growing conditions during the year and the 
availability of dry matter for conservation 
or grazing.  The N and P budgets presented 
here are therefore representative of the 
conditions for the three years of study, but 
there may be considerable year to year 
variation as the need to change production 
from conservation to grazing or vice versa 
occurs.  

Positive gate budgets suggest a nutrient 
accumulation in the systems, especially with 
the lower immediate stocking rate and 12 
% field slope, with probable consequences 
for N leaching losses and P over 
accumulation in the topsoil, as the soils 
analyses carried out in the present experiment 
showed (Table 2), in agreement with Jarvis 
(1993) and Gerber et al. (2002), respectively. 
This would occur even at low nutrient inputs. 
This accumulation could reduce the amounts 
of N and P needed as fertilizer in the future 
and with this, the costs of production, but 
could also result in increasing N and P losses. 
Results of a parallel experiment had sowed 
that soil P sorption capacity would be 
reached at 30 mg P Olsen kg-1 of soil in the 
0-10 cm layer (unpublished data), so that P 
accumulation in Andisoils for over this 
amount could imply a greater risk for P 
transfer to surface water and deeper soil 
layers. This could be especially critical in 
dairy farms, where the use of animal feed 
and animal manure (dairy slurry) can lead 
to a P over accumulation in the soil, and 
with that, to greater P soil budgets.

The N gate surpluses calculated are low 
if compared with data of Ryden et al. (1984) 
who estimated up to 162 kg N ha-1 yr-1 in 
British grazed pastures, but they are in the 
range for beef and dairy systems of the area 
(Dumont and Alfaro, 1998). Phosphorus 
surpluses estimated were lower than those
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major influence in the recycling of these 
elements. The contribution of rainfall to the 
total N and P inputs to the systems was 
small.

Because of the high number of water 
bodies present in southern Chile, beef and 
especially dairy grazing systems, should 
consider best management practices as a 
way forward to prevent environmental 
damage to the area. The use of soil and field 
gate budgets provided an effective tool to 
look at the integrated effects of management 
on N and P status in these systems.
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