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Figure 1. Polynomial fit and confidence interval 95% of the monthly dry matter yield (A), and pasture growth rate (B) in the

target temperate area of Chile (2002 —2012).

3.2. Seasonal distribution

The growth model showed the concentration of dry
matter, 50.3% annual yield occurred in spring-summer,
27.6%, 17.6%, in autumn and only 4.5% in winter.
These results were generated by the high growth rate

presented pasture in the months of November and

December that was greater than 95 kg DM/ha/day.
Humidity, temperature and radiation determining
growth of pastures (Mc Calla, 2003) and, in temperate
zones, the best relationship between these factors are
generated in the period of spring (Skinner et a/.,2009),
as found in this research when the highest production

was obtained in spring (Figure 2).
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Figure 2. Seasonal distribution of dry matter production (%) in the target temperate area of Chile (2002 —2012).

3.3. Annual production

The annual dry matter production showed a variation
from 9.80 Ton DM/ha to 17 Ton DM/ha with an average
of 13.5 Ton DM/ha (Figure 3). The annual yield was
grouped according to BLUP, which provided three
categories, high, medium and low, giving each level the
probability of occurrence over time. According to these
results there is 18% of chance that pastures of this area
have a high production level, this is, higher than 15.9 Ton
DM/ha. The, probability of occurrence of such a medium
value, which means achieving an average production
of 13.49 Ton DM/ha, is 64%. The possibility of having
years with a low yield, which means to reach a pasture
production 10.55 Ton DM/ha, was 18% (Table 4).

In the temperate zone of Chile, there is no information
on the probability of occurrence of different production

levels over time, there are only results that show a high

variability of yields in permanent pastures: 6 Ton DM/
ha to 12 Ton DM/ha, depending on latitude, climate, soil
fertility management, plant nutrition and use systems:
cutting or grazing. The values obtained in this study
are located in the range of performance that show other
temperate areas of the world (Stewart et al., 2014), but
are low expectations in countries possessing livestock
grazing, as New Zealand, which aims to achieve a level
of performance above 22 Ton DM/ha.

The annual production variations are the result of
various factors influencing the performance of a pasture
being the most important the variations in humidity and
temperature, over grazing and insect attack (Bell at al.,
2001). Since this occurred in a period of 11 years gives
strength to the results of this research considering that
they were achieved during several years, with different
levels of dry matter production, and having a remarkable

level of probability of occurrence.
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Table 4. Cluster of years by level of dry matter production according to BLUP ranking.

Production level No. Years Ton DM/Ha/Day Significance BLUP
average maximum minimum
High 2 16.45 17.00 15.90 P<0.05
Medium 13.49 14.20 12.20 P>0.05
Low 2 10.55 11.30 9.80 P<0.05
Total 11
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Figure 3. Annual dry matter production (Ton DM/ha) in the target temperate area of Chile (2002 —2012).

3.4. Forage quality

Plant quality is predominantly controlled by

genetic and physiological factors. However,
external factors such as climate and soil fertility,
pest pressure, cultivation, fertilization, utilization
and conservation methods, can significantly
change the quality of plant (Wang et al., 2008;
Martinez-Ballesta et al., 2010).

The nutritional value of pastures is determined
by the species composition of the pastures and

plant growth stage at the time of use. Changes in

forage quality are determined by several factors,
including the increasing maturity, season, soil
nutrient content, frequency and intensity of
grazing and utilization system. This investigation
determined dry matter, protein, neutral detergent
fiber, acid detergent fiber and metabolic energy
throughout the year.

Dry matter content: This value is not an indicator of
quality but its determination allows linking all quality
attributes, which are measured on the basis of dry
matter forage. The analysis of variance mixed model,

determined by the components of variance, indicated
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that 75% of the total variation in the percentage of
dry matter forage is attributed to seasonality. The year
and the different types of pastures did not generate
significant differences (p> 0.05).

The results were fitted to a polynomial curve fifth
grade (Figure 4), with a significance level (p<0.0001),

while months were grouped according to the ranking

BLUP at three levels (Table 5). Two summer months,
like January and February, had the highest dry matter
content which averaged 22.34%. On a medium level
were located the months of July, August, September,
December, March and May, averaging 18.2%. The
months of lower dry matter content were October,

November, April and June.
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Figure 4. Polynomial fit and confidence interval 95% of the dry matter content (%) in the target temperate area of Chile (2002 —2012).

Table 5. Month clustering of the percentage of dry matter forage according to BLUP ranking

Dry matter level No. Months % DM Significance BLUP
average maximum minimum

High 2 22.34 23.22 21.46 P<0.05

Medium 6 18.12 19.39 16.20 P>0.05

Low 4 15.43 15.64 15.24 P<0.05

Total 12

Variations in dry matter content were determined by the
season and the progress in the growth stage of the plants. In
summer a significant proportion of plants grasses, the main

component of the botanical composition, were affected by

their tillers spiky factor that determines the lower water
content. In early spring periods, dry matter levels decrease,
since the plants are in vegetative state and actively growing.

These seasonal variations generate significant differences
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in consumption of animals, resulting from changes in
digestibility and palatability of forage.

In the winter period it is common that plants have low
dry matter content, because they are in a vegetative state,
but in the months of July and August, the percentage of
dry matter of the pasture was found here to be higher
than 19% intermediate value in the range of dry matter
pasture grazing. The highest percentage of dry matter
was recorded in these two months, and can be related
to diversity and genetic variability of species in pastures
and reduced cold tolerance that have experienced
some cultivars of Lolium perenne L. species, principal
component of pastures (Hulke et al., 2008). In a scenario
of changing in the climate conditions, where plants
grasses are subjected to higher temperatures during the
growing season, species and cultivars reduce their ability
to withstand cold conditions, which generate in stress but
induce an increased cold resistance by increasing the cell
walls, and thereby, the dry matter production (Thorsen
and Hoglind, 2010).

Protein content: The analysis of variance mixed
model, determined by the components of variance,
indicated that 95% of the total protein content area
variation in forage is attributed to seasonality. The
year and the different types of pastures did not
generate significant differences (p> 0.05).

The protein content of pastures throughout the year
produced a polynomial curve fifth grade (Figure
5) with a level of significance (p < 0.0001), while
months were grouped according to the ranking
BLPU in three categories (Table 6). The months of
August and September showed higher protein levels
throughout the year, with an average of 26.81%. In
autumn, winter and spring portions corresponding
to the months of March, April, May, June, July,
October and November, the values were placed in
a medium level with an average 22.64%, and late
spring and early summer (January, February and
March) showed the lowest percentages averaging
16.92%.

Table 6. Month clustering according to of percentage of Protein in the forage according to BLUP ranking

Protein level No. Months % Protein Significance BLUP
average maximum minimum

High 2 26.81 36.75 24.70 P<0.05

Medium 7 22.64 23.48 18.30 P>0.05

Low 3 16.92 17.10 13.40 P<0.05

Total 12

These results showed that pastures exhibited a high
nutritional value throughout the year, because the
average content area fluctuated between 16.15%
and 27.90%, all higher than those reported by
Anrique (2014) for temperate pastures of Chile. The
differences between this study and measurements
made in other areas of the temperate zone are related
to the frequency and intensity of use of the pasture

because in the our study area, grazing management

was based on an infrequent and intense use, which
allowed the animals consume adequate level of
forage dry matter with high content of protein. This
type of use aims to achieve greater efficiency in
the use of the pasture, in contrast to the individual
production of the animals, but allows a greater
production per hectare (Peyraud and Delagarde,
2013) these results were maintained in all the years

during this research.
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Protein levels are presented related plant nitrogen content
available soil fertilization and generated from organic matter
mineralization, absorption capacity of plants, temperature
and humidity, in addition to the frequency and intensity of
grazing (Mora et al., 2007; Nufiez et al, 2007, Marschner,
2012). All these factors relate to the season and specifically,
with the month. The results showed that in the period of
increased mineralization, coinciding with the application of
nitrogen fertilizer, high protein levels in plants were observed,
specifically in the autumn and early spring, period in which
plants have been growing low level of dry matter and fiber.

Protein levels are presented related to plant nitrogen
content (available from soil fertilization and generated
from organic matter mineralization), absorption capacity
of plants, temperature and humidity, in addition to the
frequency and intensity of grazing (Mora et al., 2007,
Nuiez, et al., 2007, Marschner, 2012). All these factors
relate to season, and specifically, with the months of the
year. The results showed that in the period of increased

mineralization coincides with the application of nitrogen
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fertilizer. High protein levels were observed in plants,
specifically in the autumn and early spring period, when
the plants have vegetative state with low level of dry matter
and fiber, which transforms the forage in a high nutritional
feed and a good digestibility value.

Nitrogen nutrition is largely considered as the main factor
affecting protein concentration in plants. In general, the
concentration of crude protein continues to increase with
N applied in amounts beyond those needed to obtain the
maximum growth (Marschner, 2012). This is the reason
why in this research high protein values were achieved
in pastures receiving considerable levels of nitrogen
fertilization (average 120 kg N / ha), with a high rate
of organic matter mineralization. The lowest values
were recorded in the months of December, January and
February, due to advances in the state of maturity of the
plants, because the climatic conditions of that period, the
increased temperature and radiation induces the plant to
generate floral stems and spikes, increasing fiber levels and

reducing the cell and thus the protein content level.

Protein
Content (%)
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Figure 5. Polynomial fit and confidence interval 95% of the protein content in the target temperate area of Chile (2002 —2012).
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Fiber content: The analysis of variance mixed model,
determined by the components of variance, indicated
that 82% of the total variation in the percentage of
ADF and 88% of the total variation of the NDF is
attributed to seasonality. The year and the different
sites of pastures
differences (p> 0.05). The results from fiber content

did not generate significant
indicate the importance that this parameter has for
pastures affected by changes in climate, humidity,
temperature and nutrient availability in the soil.
The results of ADF and NDF were modeled in a
polynomial curve fifth grade (Figures 6 and 7) with a
level of significance (p < 0.0001), while months were
grouped according to the ranking BLUP into three
categories: high, medium and low (Tables 7 and 8).

Plant fibers include cellulose, hemicellulose, pectin,
lignin and phenolic acids. These compounds vary in
the level and speed that are degraded, lignin being
the only compound that is entirely indigestible in the
digestive tract of ruminants. The NDF constituted by
total cell wall cellulose, hemicellulose and lignin, is

an important value in the feeding of grazing animals,

since it determines the level of intake. Increases in
the values of NDF indicated a reduction in intake
and consequently a reduction of animal production
(Holmes et al., 2002). The values fibers in pastures of
the temperate area of Chile are between 34% and 55%
(Anrique, 2014).

Fiber levels obtained in this research relate to the
content portion of pasture dry matter and consequently
the maturity stage of the plants, a process that is
determined by the grazing system and the season.
The highest levels of NDF were obtained during the
months of January, February, March, April, November,
December and June, with an average of 56.71% NDF,
when the plants are in advanced stages of maturity
or are subject process temperature stress. A medium
level (53.08% NDF) was produced during the months
of May, July, August and October, when the plants are
in a vegetative state. Significantly different from the
rest of the month was September with 48.6% of NDF
period in which plants are initiating the explosive
growth of spring. The values obtained are situated in

the upper range reported by Anrique (2014).

NDF (%)

NDF (%) = 63,885 - 1,502X - 0,079X” + 0,089X" + 0,006X" - 0,001X

[ = Confidence Interval Individual of 95 %

Figure 6. Polynomial fit and confidence interval 95% of the content of NDF (%)) in the target temperate area of Chile (2002 —2012).
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Table 7. Month clustering according to of percentage of NDF in the forage according to BLUP ranking.

Level No. Months % NDF Significance BLUP
average maximum minimum

High 7 56.71 58.44 55.30 P<0.05

Medium 4 53.08 53.94 51.22 P>0.05

Low 1 48.62 48.62 48.62 P<0.05

Total 12

The ADF fiber fraction, consisting of cellulose and lignin, January and February, corresponding to a part of spring
as previously indicated, is related to forage digestibility and summer. The largest proportion of the months were
and the capacity to produce animal milk and meat in the medium level with an average of 28.25% ADF, is
(Holmes et al., 2002). The value of ADF in the temperate March, April, May, June, July, August. With the lower
pasture ranges in between 22% and 40%, as reported by value of ADF September was achieved with 25.39%
Anrique (2014). The high levels were found in th present ADF. All results were in an intermediate range, according

study during the months from November, December, to the information reported by Anrique (2014).
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Figure 7. Polynomial fit and confidence interval 95% of the content of ADF (%) in pastures grown in the target temperate arca
of Chile (2002 —2012).

Table 8. Month clustering of the percentage of ADF in the forage according to BLUP ranking.

Level No. Months % ADF Significance BLUP
average maximum minimum

High 4 32.18 34.07 30.84 P<0.05

Medium 7 28.25 29.58 27.14 P>0.05

Low 1 25.39 25.39 25.39 P<0.05

Total 12
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Variations in fiber content of temperate pasture
area in Chile indicated that the forage supply not
only conditions differences in production between
seasons, but also quality, which determines the need
to maintain a permanent adjustment the quantities and
qualities offered to animals throughout the year.

The general trend indicated that pastures maintained
through the years the changes that occur in the levels
of fiber (ADF and NFD), as affected by season. This
means that in addition to adjusting the stoking rate
adjustment is needed also in diets, since variations in

quality and quantity remain constant over the years.

4. Conclusions

The annual dry matter production in permanent
pastures showed a variation from 9.80 Ton DM /
ha / year to 17 Ton DM/ha/year, with an average
of 13.5 Ton DM/ha/year, where the probability of
occurrence of a year with high production (16.45 Ton
DM / ha / year) was 18%, 64% medium production
(13.49 Ton DM/ha/year), and low production 18%
(10.55 Ton DM/ha/year). The seasonal distribution of
production, concentrated its performance in spring,
and the highest performing months were November,
December, January, with average growth per day
72 kg DM/ha. The months of January and February
showed the highest percentages of dry matter
(22.34%). The quality measured as protein and fiber,
does not present statistical differences between years.
Statistically significant differences were found only
in the case of the effect of seasonality. The months
where pastures have the highest protein content
were August and September, while the lowest NDF
concentration, significantly different from the rest,
it was September with a 48.6%, while the ADF
concentration reached a 25.39%. In production of

significant differences between years were presented.

The seasonal distribution showed a concentration in
spring. Variations in dry matter content and quality
based on protein, NDF and ADF generated only
seasonal differences. The general trend indicated that
pastures maintained throughout the years seasonal
changes. This means that, in addition to adjusting
the stoking rate, adjustment is also needed for diets,
since variations in pasture quality and quantity remain

constant over the years.
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