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Abstract

The use of animal manure has been studied increasingly in recent years due to the excess waste in
confinements, which generates great amounts of animal excreta; and as a result of the worsening
petroleum crisis, the cost of mineral fertilizing products has increased. Thus, studies point out the
potential of this waste to improve biotic and abiotic soil condition and nutritional value of forage.
Substances ingested by animals that resist the action of gastric enzymes are enriched with large
amounts of bacteria, other microorganisms and other substances to form residual feces, the main
component of manure, which, together with the wash water from barnyard urine, form the slurry.
The volume of living or dead bacteria in the feces represents 20% of total manure and it is from
these that a large amount of nitrogen originates as protein. Due to this potentiality, animal ma-
nure can be used as an input in agriculture, impacting positively on production and forage prod-
uctivity, and having a favorable effect on the environment.
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1. Introduction

The socio-economic and environmental sustainability of agriculture is a real concern to those involved in agri-
business. In this context, ecological trends (organic, biological, biodynamic, natural, etc.) originate from the
growing global concerns, particularly in industrialized countries, with a range of issues related to environmental
degradation and consumption habits. A common point among these proposals or alternative strands is the sole
purpose to develop balanced, socially fair and economically viable agriculture and livestock.

Organic agriculture and livestock are models of production that have been growing in recent years in Europe
and Brazil, with their essence simplicity and harmony with the environment, and without neglecting productivity
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or producer profitability.

Conventional agriculture uses non-renewable resources and industrialized input in an extractivist way. This
causes a considerable increase in production costs, as well as harms the environment. There is a need to evaluate
alternatives which do not degrade the environment and maintain the current levels of productivity. Among the
available alternatives, the use of animal manure has aroused interest in the scientific community due to the di-
verse properties of its composition and its availability in areas of high animal density.

The first studies on the use of animal manure on forage in Brazil were carried out in the Federal University of
Santa Maria, on natural pasture, where an increase of 307% in dry matter production was obtained when manure
was repeatedly applied 40 m*/ha', whereas, in the center of the country, applying 150 m*/ha/year, the production
of Brachiaria brizantha cv Marandu achieved an increase of 156% compared with the pasture with no animal
manure application [1]-[3].

The liquid slurry that results from washing stables, barns, milking parlors, hutches and pens, is generally eas-
ily found in places that breed pigs, dairy cattle and feedlots. In this way, it can be recognized as an alternative
source for nitrogen (N) by Brazilian farmers and ranchers, although further studies are about its chemical com-
position of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), manganese (Mn) and zinc (Zn); the
adequate time for use in crops and pastures, the application period, and the amount to be used are required. It
can economically replace the need for fertilizer in forage production [4]-[7].

There are not many producers dedicated to dairy or beef cattle that use manure from cattle or pigs as fertilizer.
In most places, the manure produced accumulates around the stables or is released into water sources causing
contamination with fecal coliforms, promoting the reduction of water oxygen levels, and consequently seriously
compromising the ecological balance [8]-[10].

Nitrogen is one of the major limiting nutrients for the increase, or maintenance of productivity of crops in
tropical soils, due to its complex dynamic and costs, which leads the search for viable alternatives to minimize
the need for application, and to extend its availability time for the plants [11] [12]. Therefore, the need to fertil-
ize pasture, in view of high costs of fertilizers, causes farmers to think about the maximization of existent re-
sources naturally found on rural properties.

Nitrogen fertilizers are more expensive and mainly arise from petrochemical sources, representing a major li-
mitation to forage. Nitrogen is the most abundant nutrient in manure. The value of animal manure in fertilization
is so great that in some countries in Europe (i.e. Switzerland, Spain, and Austria), it is required by law to capture,
store, and transport in appropriate tanks, and to distribute in crop or pasture areas [13]-[18].

In the “new” livestock scenario, through the increase of organic production importance, it is, therefore, ne-
cessary to study rational use of manure as an alternative to enable forage production, in an organic or traditional
method of ruminant feeding. Despite the momentum generated by this demand in recent years, organic produc-
tion is not still considered a current way to trigger ecologic groups, although it provides a tangible reality to of-
fer healthy products to consumers and a profitable activity for producers [6] [19]-[22].

As a result, the scope of this review aims to show the potential of manure as a nitrogen source for the produc-
tion of forage.

2. Nitrogen Dynamics

After phosphorus, nitrogen is the nutrient that is most required by plants during pasture formation; and it is re-
sponsible for the number of tills, root growth, various enzymatic processes, increasing the amount and nutrition-
al quality of grasses and, with the exception of legumes, it the most often supplied in unsatisfactory amounts
[23].

According to [24], nitrogen content in the soil can influence forage handling in relation to the death of old
leaves, the levels of reserves for regrowth, the growth of the root system, the competition between plants and the
nutritive value of forages. It is one of the most dynamic elements that is known, and because of its quick chemi-
cal and biochemical transformation in the soil, which affects its availability for the plants, it is subject to
soil-plant system losses, causing damage to the environment [6] [25].

Although part of the organic nitrogen in the soil is mineralized by microbial activity, in the majority of the
soils, this amount is not enough to meet the demand of this nutrient in demanding crops. Thus, organic nitrogen
existing in the soil is slowly released throughout the year, and the demanding rate of the crops is higher in the
early stages of growth, requiring larger amounts of this nutrient [5] [18]. The use of other sources of nitrogen

besides soil is therefore necessary.



A. de M. Zanine, D. de ]. Ferreira

Organic nitrogen from manure is manly found in the proteins, amino acids, urea and amine; and in lower
concentrations as ions such as ammonium, nitrate and nitrite. The content and forms of N in the manure depends
on the stage of decomposition, storage and temperature conditions. Nitrogen transformations of manure in the
soil are carried out by heterotrophic microorganisms, which decompose organic-N to produce amine and trans-
form it into NH,". In the presence of atmospheric air, ion NH,4" is oxidized to NO* by Nitrosomonas, and then
oxidized to NO*" by nitrobacteria [26]. As plants preferentially absorb inorganic forms of N, N availability to
the plants is gradual. Therefore, manure needs to be applied to the soil in advance to coincide with the largest
availability of N in order to fulfill the greater needs of the plant. It is noteworthy that there is a possibility of in-
organic nitrogen losses as nitrate through leaching, and ammonium through volatilization, mainly when manure
is applied in alkali, dry and hot soil.

According to [27], alternative sources of nitrogen such as animal waste (slurry, urine, etc.), manure, green fer-
tilizer, vegetable compost and agricultural industry residues, are having special importance in recent years due to
the high costs of fertilizers having limited scope to small farmers, and as a support to sustainable agriculture.

Manure has a direct and indirect effect on crop production according to [28]. The direct effect depends on the
amount of nutrients in the soil composition, and the amount of mineral fertilizers that may be replaced by its use.
The indirect effect of manure is related to its beneficial action on physical and chemical properties of the soil,
and the intensification of microbial and enzymatic activities.

Cattle may eliminate 40% to 50% of their organic matter intake through feces, containing means of 75% ni-
trogen, 80% phosphorus and 85% potassium, and because of this, reusing manure recycles more than half of the
total nutrient content originally ingested. For plants utilizing the nutrients contained in the manure, the transfor-
mation process of organic molecules through biological decomposition is required. Mineralization is the trans-
formation of an element from organic compost to a simple mineral that can be useful for the plants because it
only absorbs the nutrients in the mineral form [12] [29].

According to [28], organic fertilizer presents, in general, a greater residual effect on the soil than mineral fer-
tilizers. This can be explained by the slow mineralization of organic composts making it available for longer. In
this way, nutrients are less subject to the chemical reactions of the soil, the opposite of mineral fertilizers. In the
specific case of nitrogen, organic fertilizer tends to supply it for longer as a consequence of the slow mineraliza-
tion of organic composts, whereas from the mineral source the nitrogen is easily lost through leaching and vola-
tilization.

In this context, [30] revised the literature and reported that some nutrients of organic material are available
more quickly than others, because organic fractions have different resistance to decomposition. The majority of
nitrogenous fractions decompose quickly and their mineralization rates change by material nature, soil type,
temperature and microbial activity.

It is noteworthy that one of the limitations of using animal manure in crops or pastures is the low concentra-
tion of, and the variety of nutrients, which are necessary when applying higher amounts of mineral fertilizers in
order to supply the nutritional requirements from the plants. Normally, nitrogen is the main element considered
in determining dosages of manure to be applied, but if used in excess it can cause nitrate accumulation in the
plants or in the water sources [1] [6] [31]. The availability rate of nitrogen in pig manure for the first crop is 0.8
[32].

2.1. Types of Nitrogen Losses

Factors which cause losses of ammonia by volatilization are rain intensity, amount applied, method of applica-
tion and dry matter content [1]. [33] observed ammonia losses by volatilization between 24 to 48 hours post-ap-
plication of fresh manure. [34] observed the effect of wind speed, temperature and water vapor over the loss of
ammonia in a six-day period. The authors reported that when the temperature was close to zero, ammonia losses
were low and it was concluded that calculating the losses was difficult because the mineralization process oc-
curred immediately following the storage. [7], however, reported that pig manure spread on soil surface resulted
in nitrogen losses by volatilization between 24% to 80%. Similar losses were observed by other researchers [1]
[10] [35]-[37].

2.2. Strategies to Decrease Nitrogen Losses on Manure

Large amounts of nitrogen applied organically can be lost through ammonia volatilization, denitrification or leach-
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ing, however the incorporation into soil applications diminishes the magnitude of the phenomenon [23] [30].
The losses are always larger in the early stages, subsequent to material application and promote a decrease in the
potential supply of nitrogen, which can limit vegetation growth, mainly if it is applied well before planting.

In a study to reduce nitrogen losses via slurry, [35] observed that decreasing the pH from 7.5 to 6.0 through
sulfuric acid reduced ammonia volatilization by means of 82% and 74% for pig and cattle manure, respectively.
When pH was decreased to 5.5, volatilization was found to have decreased by 88 and 95% for pigs and cattle,
respectively. Therefore, it was concluded that at least 80% of ammonia losses in pigs and cattle manure could be
prevented through acidification at pH values of 6.0 and 5.5. Similarly, [33] worked with calcium chloride in or-
der to reduce losses in fresh poultry manure and observed that the concentration of 36 mg/kg of Ca (based on
dry weight), reduced ammonia losses by 73% and total losses of other forms of nitrogen by 37%. The use of
calcium chloride on manure in an anaerobic storage system, however, only decreased volatilization loss by 8%.
The author also reported that the use of calcium chloride did not affect urea hydrolysis or nitrogen mineraliza-
tion.

When evaluating nitrogen availability of cattle manure from nature or biodigestion effluent, [38] reported that,
for the application of cattle manure, which was partially stabilized prior to addition to the soil, the immobiliza-
tion and nitrogen losses by nitrification were lower compared to the application of natural cattle manure, even
when high dosages were used. Therefore, the same authors concluded that parceling doses, incorporation before
sowing, composting and fermenting manure in digesters or dunghills, are measures that can reduce nitrogen
losses, increasing its availability to the crop. [39] observed the same advantages of biodigestive cattle manure in
relation to the availability of nitrogen for the plant.

It is noteworthy that there is little information about the efficiency of manure as fertilizer. [31] recommended
the use of 488 kg:N/ha of pig manure for fertilizing grass (Cynodon dactylon), assuming a loss of 50% nitrogen
by volatilization. It was emphasized that nitrogen losses by volatilization and denitrification vary by the applica-
tion method, the type and humidity of the soil, temperature and the interaction of all the factors. In general, the
recommended dose depends on the absorption potential of the species [1] [10].

Other strategies to decrease nitrogen losses were suggested by many authors, such as the application of the
slurry at times of milder temperature (early morning or end of the day); the use of slurry (preferably on estab-
lished vegetation) and the analysis of pH prior to application [10] [33] [34] [40].

2.3. General Aspects of Organic Matter

Organic matter has difficult decomposition and can be used to provide humus. Legume foliage is rich in protein
and decomposes easily, while grass roots are rich in lignin and are therefore more difficult to decompose, which
can provide humus when decomposition occurs in semi-anaerobic environments. Leaves and roots provide dif-
ferent fermentation products because of the higher content of lignin in the roots. While the leaves have lignin
contents between 5.5% and 9.0%, in the roots it increases to 20% in some cases for grasses [41].

Substances which decompose easier are mineralized first and generally rapidly decompose to carbon dioxide,
water and minerals [42]. Green manure made using legumes have lower probability to remain in the soil longer
than six weeks and therefore is hardly considered as an enrichment source of organic matter in the soil, but as a
form of nitrogen fertilization once its nitrogen content is high.

Forage grass, on the other hand, can develop its roots freely and is the safest way to enrich the soil with humic
substances. Decomposition speed depends not only on the ventilation and the number and activity of bacteria,
but on the material composition and its C: N ratio. Starch and protein are the first substances to decompose, fol-
lowed by cellulose. Lignin has slower decomposition because of its complex structure [41]. [30] [43] reported
that material with higher C:N ratios allow for more extensive aggregation, due to their slower decomposition
and higher production of intermediate compounds. The same author registered that the contribution of organic
residues on the improvement of organic matter content is related to three factors: amount of residue incorporated,
frequency of the practice and the material composition.

[44] presenting data adapted from [45] defined the distribution of carbon pools in the agriculture system into
four groups: 1) living vegetative biomass, 2) vegetable, root and exudates residues, 3) unprotected organic mat-
ter and 4) protected organic matter. The ones referring to living biomass and residues have a residence time of
approximately one quarter of a year; and act by protecting the soil from erosion, recycling nutrients and as a
source of food to biological activity. The pool referring to unprotected organic matter can be divided into two
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groups; one of them refers to microbial biomass existent in the soil, which has a short residence time and acts on
vegetative residue decomposition and temporary aggregation as a nutrient source. The other group refers to la-
bile organic matter, which has a residence time of 2 to 5 years and acts as a temporary aggregating agent, a
source of nutrients to plants, a microbial energy source and influences soil cation exchange capacity (CEC). The
last pool is also divided into two groups: structurally protected organic matter and colloid protected organic matter.
Both groups act as permanent aggregation agents and act on soil CEC, with a residence time estimated at 1000
years.

In a more simplified approach to soil organic matter, crop residues in an advanced stage of decomposition,
microbial biomass, root and the most stable fraction called humus can be included’. It can be therefore inferred
that the carbon present in these fractions does not mineralize or stabilize at the same speed and can be accepted
that crop residues gradually decompose, forming stable molecules by a variety of physical, chemical, microbial
and soil fauna processes. According to [46], stabilization is a decrease of the potential to lose organic matter in
the soil by respiration, erosion or leaching. In this case there is a type of material produced which resists post-
erior transformations. The stabilization process can start before plant tissue reaches the soil or before its death.

2.4. Mineral Composition of Slurry and Its Influence on Soil-Plant-Water

Other factors can be observed in the use of slurry on agricultural soil. In this context, [47] mentioned that pig
manure, due to mineral supplementation provided to the animals, contained considerable amounts of heavy met-
als as Cu, Zn and Fe. These elements act as nutrients in certain amounts, but in higher doses can be toxic to the
plants. This can be seen in [30] study, which evaluated the use of food enriched with Zn in pigs and observed
that the slurry increased zinc content in the soil to values greater than zinc oxide, and resulted in a residual effect
in corn crops.

In addition to nitrogen, manure presents considerable amounts of P, K, Ca, Mg, S and micronutrients. It is
noteworthy that from the point of view of plant nutrition, not only is the content of total nutrients of the manure
important, but also the nutrients available in the moment and the amount required by the crop [48].

The nutritional requirements of an intensively cultured crop are rarely met in a balanced way when only or-
ganic material is used. This happens due to the concentration of N, P,Os and K,O, which are normally different
from the required ones. Therefore, in addition to the plant requirements, the concentration of the nutrients in the
materials, the humidity and the conversion rates must be considered [49] [50].

For [51], the accumulation of P and K through the use of animal manure for long periods can cause nutritional
imbalances. The effect of excessive accumulation of P available in the soil produces deficiencies of Zn while the
excess of K causes Mg deficiencies. The accumulation of K and Na in exchangeable form in the soil cause
breakdown and decrease the structural stability of the soil. [52] also observed an increase in the sum of base due
to potassium increases, and in the reduction of pH which caused the reduction in base saturation and the increase
in exchangeable aluminum. These undesirable effects occur after many decades and require time and commit-
ment to be corrected.

According to [49], the organic material (solid or liquid) incorporated in the soil increased the efficiency of
phosphorus use, due to the low mobility of this element in the soil and also prevented nitrogen losses by volati-
lization. However, the incorporation of organic matter in the soil accelerates its decomposition, which is not al-
ways desirable. It should also be applied after the establishment of a root system and not at planting time, aiming
to reduce nitrogen losses by leaching. Part of the nitrogen of these materials is in the mineral form, and behaves
similarly to nitrogen contained in traditional fertilizers.

It is noteworthy that for each ton of non-uses slurry, about 10 kg of NPK are lost. Unfortunately, information
and research in Brazil about the impact of pig and cattle manure on the environment are poorly represented; this
could subsidize the use of these materials in annual and perennial crop pastures [53].

Another aspect to be mentioned is the need for more scientific information of physical, chemical and biologi-
cal effects of manure in soil, plants and water. Performing initial experiments on this, [54] observed the effect of
pig manure on physical characteristics of the soil in a conventional crop system. The authors registered signifi-
cant changes in the reduction of water infiltration which can consequently exacerbate erosion problems, mainly
in areas with other favorable conditions for water runoff. The reduction of the infiltration is thus assumed as so-
cio-economically and ecologically important because it involves issues related to environmental contamination,
showing the need for integrated studies to contribute to a common goal. There are few authors who have shown
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significant relations that involve the effects of application of manure to the physical, chemical and biological
soil characteristics [50] [55]-[60]. [50] characterized the effect of lipids on the physical characteristics of soil,
reporting positive effects of its presence to aggregation and stability and a negative effect on water retention.

In Table 1, the chemical composition of cattle and pig manure according to many authors can be observed.

2.5. Use of Manure as Forage Fertilizer

In the production of grass for silage purposes, [61] obtained maximum benefits of nutrients as a result of the ap-
plication of pig manure by experimental results. The amounts applied were 68, 73 and 112 m’/ha, in two appli-
cations, as compared to the chemical fertilizer. This allowed the N and P requirements to be met, although K
needed to be supplemented; using cattle manure it was necessary to supplement N and P. Dry matter production
obtained in the experiment did not show significant differences between the animal slurry and the chemical fer-
tilizer, and between the lower and higher amounts of fertilizer applied. This shows the importance of rational
reuse of animal manure, ensuring higher yields, lower costs and conditions for environmental protection.

[39] compared fermented manure to biodigested slurry for millet crop and verified that fermented manure
promoted the increase of C-CO, release compared to the control, which was three times higher than the effect of
biogidested slurry. The nutrient content of fermented manure from cattle was however lower than that of the
biodigested slurry, for almost all nutrients analyzed.

Crops such as maize have increased productions as reported by [62], who observed significant effects on grain
yield maize using pig manure. A maximum production of 8766 kg/ha was obtained at the dose of 149 m*/ha,
approximately a 44% greater increase compared to control. A similar result was observed by [63] which sug-
gested the use of a yearly dose of 44 T of cattle manure per ha of maize crops.

Slurry also stimulates microbial activity, promoting a higher mineralization of organic matter and resulting in
a rapid soil cover by vegetation, which has great importance in the recovery of degraded areas [64]. The addition
of pig slurry at doses of 400, 600 and 800 kg/ha of nitrogen stimulated a rapid increase of the microbial popula-
tion in the soil. The survival of fecal bacteria in the soil was less than two weeks, returning to normal levels after
this period [57]. These results are explained by some authors as a result of increased competition and antagonis-
tic effects of other microorganisms in the soil, and by poor environmental conditions for fecal microbial surviv-
al.

[4] used 20 m*® of pig slurry and obtained productions of star grass 2-IPEAME and Hermarthria IAPAR of 55
and 76%, respectively, compared to the control group. According to [65], the observations from the use of pig
manure for pasture fertilization have shown greater yield production of beef and dairy cattle, with productivity
reaching 1500 kg/ha/year, with a capacity of 6.5 to 7.5 animal units. Beneficial effects on fertility and water re-
tention in the soil were also observed after the second year of application without considering the increase in bi-

Table 1. Mean composition of animal manure according to different authors.

Ca Mg P K DM N pH
Source Authors
g/kg g/L
Cattle 9.5 3.8 2.1 7.8 8.5 3.6 72 [56]
Cattle 3.1 1.6 33 11.1 15.7 2 5.7 [28]
Cattle - - 22 6.4 8.7 5.6 7.6 [36]
Cattle - - 3.1 13.2 4.0 4.0 6.7 [66]
Cattle - - - - 5.9 5.2 7.5 [34]
Pig 4.8 1.5 5.0 16.3 - 8.4 - [48]
Pig 2.9 3.7 2.9 3.7 - 4.0 - [57]
Cattle 19.8 4.6 3.8 83 - 49 - [58]
Cattle 8.50 297 238 19.65 4.93 4.87 7.60 [59]
Pig 1.00 0.96 3.64 2.64 - 3.23 - [60]
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ological activity of the soil. Similarly, [58] in an experiment with Tanzania grass (Panicum maximum) obtained
yields of dry matter production from aerial components five times higher than that of the control when 180 kg of
N/ha was used as cattle manure.

While working with slurry, [60] applied doses of 0, 20 and 40 m*/ha every 45 or 60 days in a nature pasture
and observed that the maximal addition of slurry increased the content of P, Ca and Mg, and decreased alumi-
num saturation in the soil. However, in the same experiment, with regards to nitrogen, [66] showed that only 53
and 35% of nitrogen applied through pig slurry, at doses of 20 and 40 m*/ha, respectively, was exported to the
dry matter of the nature pasture. Therefore, [3] concluded that doses of pig slurry for maize production, both in
the Cerrado region and in traditional cropping, vary from 45 to 90 m*/ha; and in direct seeding from 50 to 100
m’/ha. For dry matter production in intensive pasture, the most efficient dose was between 150 to 180 m*/ha of
pig slurry per year, divided into 5 or 6 applications.

In the study of [67], evaluating the effect of cattle slurry as a nitrogen source in four doses (0, 60, 120 and 180
kg/ha), an increase of dry matter production and a decrease of neutral detergent fiber were observed in addition
to an increase of crude protein and acid detergent fiber at the highest dose over 84 days of collection of Tanzania
grass. The authors registered that nitrogen in the form of slurry promoted the increased production of dry matter
and higher contents of nitrogen in the roots. Concomitantly, [68] tested doses of 0, 150 and 300 kg/ha of cattle
slurry as a nitrogen source and observed that the application of slurry increased the contents of P, K, Mg and the
pH of the soil. [69] observed an influence of 0, 75 and 150 kg/ha doses of N in the form of cattle slurry on the
concentrations of K, N and dry matter for coast-cross, Tifton 85, suazi and transvala grasses. The authors did not
observe any significant difference between the grasses for the content of N or K, or dry matter production. Howev-
er, annual ryegrass (Lolium multiflorum) crops obtained increases of dry matter from 11.5 to 14.7 T/ha and of
crude protein from 1.89 to 3.39 T/ha, when 50 T/ha of cattle slurry was applied.

For Bermuda grass (Cynodon dactylon) fertilized with pig slurry, [31] observed that the concentration of
crude protein increased with the application of pig slurry at the equivalent nitrogen dose of 846 kg/ha. [70] ap-
plied pig slurry at doses of 0, 50, 150 and 200 m’/ha/year on this grass species and observed that the minimal
benefits of nitrogen in the soil were obtained at a superior dose of 100 m*/ ha/year during the summer.

[71] evaluated the effect of fertilization with pig slurry in Brachiaria brizantha by a variety of treatments and
observed better results of chemical composition (crude protein, neutral detergent fiber, acid detergent fiber and
dry matter digestibility) occurring with the application of 180 m®/ ha/year, in natural or fermented form during
the wet season. For dry matter production and tilling density the same behavior was observed, emphasizing the
dose of 180 m*/ha/year [72]. The authors concluded that this residue can successfully replace chemical nitrogen
fertilizer. Similarly, it was validated by [73], who concluded that the application of 180 m*/ha/year of pig slurry,
whether fermented or in nature, that this input enables the obtaining of high yields of dry matter production,
similar to mineral fertilizer.

Noting the importance of this input, not only on aerial plant biomass, but also in root biomass, [74] tested
doses of cattle manure as a nitrogen source and found higher root mass at a dose of 300 kg of N for coast-cross
grass and 150 kg of N for Tifton 85.

[75] evaluated dry matter production of Brachiaria brizantha cv. Marandu in Mato Grosso and did not ob-
serve differences between the seasons (wet and dry) and its effects on dry matter production when 100 m*/ha/year
was used. The authors concluded that the effect of cattle manure application was the main factor in attenuating
the effect of hydric stress and then maintaining pasture production. Concomitantly, [76] in an experiment using
elephant grass (Pennisetum purpureum) fertilized with between 30 and 70% pig slurry added to cattle manure,
highlighted an uniform forage distribution among the seasons of the year.

[1] concluded that the application of pig slurry is a valid alternative to increase production in Tifton 85 pas-
tures. The dose of 30 m’/ha was suggested as reference value, after cutting or grazing, as the efficiency of the
fertilizer is affected by environmental conditions. Therefore, the application should be carried out when the pas-
ture is growing vigorously, where nutrient absorption is higher. In southern Brazil the application period should
be restricted from early spring until mid-summer.

3. Multivariate Statistical Analysis in Research on Use of Manure

One way to study the productive potential of forage is through the response obtained from different levels of fer-
tilization. Experiments in this method are carried out in pots or in the field, and samples from different parts of
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the plants are collected for full analysis of the grass [77]. However, the analysis, does not routinely consider the
complexity existing between the variables studied. This is an error that is particularly important, predominantly
in organic fertilization, because the response at the level of fertilization which provides all essential nutrients
required by the plant, needs to consider morphological and productive characteristics of the cultivar as a whole
and not from isolated aspects. For example, cultivar “A” can have a higher content of some nutrients and lower
content for others in comparison to cultivar “B”. In the literature these cultivars are compared for each characte-
ristic individually and the conclusions are direct for each characteristic.

For the understanding of the complex correlation between forage plants (nutritional value, morphogenetic and
structural characteristics, dry matter production, etc.) a multivariate procedure known as Principal Component
can be used. Principal components are linear combinations of original variables and are estimated in a way that
the first principal component explains the largest percentage of total variance, the second principal component
explains the second largest percentage and successively until all the variance can be explained [78]. Each origi-
nal variable is associated to a principal component by a weighting called eigenvectors, whose respective abso-
lute values determine the importance of the characteristic for each principal component, with the signs (positive
or negative) indicating the relation existent between the characteristics (equal signs indicating positive correla-
tion, and different signs indicating negative correlation). This technique therefore enables the attempt to com-
prehend the network of existing correlations among the numerous characteristics of forage plants. To obtain
more specific conclusions about the effect of fertilization in pasture, it is necessary to use other procedures that
simultaneously analyze multiple characteristics.

Among these, discriminant analysis is related to either efficient separation or the discrimination of two or
more groups using for linear discriminant functions [79]. According to [80], discriminant analysis is based on a
dispersion matrix of original variables and on the estimation of Mahalanobis distance for group formation, and
consequently, to classify the variables into the groups formed. In theory, this analysis enables the comparison of
the treatments would then support a set of characteristics instead of isolated variables, which means that the ad-
ditive effect of the variables in study could be evaluated.

In this context, [72] and [74], evaluating species from the Digitaria and Cynodon genera fertilized with cattle
manure as a nitrogen source by principal component analysis, registered that the most important variables that
should be considered in an experiment about the effects of nitrogen application via slurry on aerial components
of the grass are calcium, nitrogen, phosphorus, potassium and dry matter. For root production the principal
components found were dry matter and magnesium.

Using discriminant analysis, [81] registered that for Transvala cultivars, Ca content was the most important
nutrient in aerial components, followed by dry matter production, while P and N content were the most impor-
tant in the roots, followed by Mg. For Tifton 85 cultivars, a fairly similar order to Transvala cultivars was ob-
served, with only the exchange of position between Mg and N content. The authors concluded that discriminant
analysis based on the studied variables showed that cultivars, although belonging to the same genera, behave
differently according to the macronutrient content and production of dry matter of both aerial components and
roots. Therefore, studies that include principal components analysis and/or discriminant analysis, in their expe-
rimental protocols, enable the understanding of the association between the variables and thus the segregation of
the grasses according to their behavior, which means that it goes beyond the genera for grouping forage species.

In an experiment aiming to evaluate Tanzania grass fertilized with slurry by a multivariate procedure of dis-
criminant analysis and principal component analysis, [82] concluded that principal component analysis reduced
the number of original variables from 15 to 6 principal components, and that the most important variables in
terms of variation were calcium in the roots, potassium in the leaves, potassium in the plant, magnesium in the
leaves, phosphorous in the leaves and phosphorus in the roots. It is recommended that in further studies evaluat-
ing the effects of slurry fertilization and mineral composition of the plants, multivariate procedures should be
conducted to obtain more complete results. It is however, noteworthy that such studies should be grounded in
larger samples because many non-controlled factors in grass experiments can compromise the results.

4. Conclusions

Slurry from pig and cattle can be used as efficient and safe fertilizers in forage production, considering the doses
of reposition of nutrients used by the crop.

The use of slurry as a nitrogen source is an interesting alternative, considering the high costs of industrial in-
put and the need to use renewable material which minimize environmental impacts.
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Slurry positively affects the productivity and nutrient contents of forage plants, improving the efficiency of pro-
duction systems.

Further studies are necessary to establish forms of use and suitable amounts of sourced nitrogen and other nu-
trients, in order to decrease losses and avoid environmental contamination.

Fertilization with manure should involve assumptions that lead to increasing the efficiency of application,
costs and doses, considering that the doses for pig manure can range from 30 to 180 m*/ha for conventional
planting, and that cattle manure can range from 25 to 100 m*/ha, or from 50 to 300 kg of N, depending on the
handling system.
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