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Abstract— This research was established at El Prado-IASA1 farm, Agricultural Engineering Career, on a soil of volcanic origin of the
Andisol order, in order to evaluate the quality of the forage due to the effect of chemical fertilization and four amendments: lime (E1),
gypsum (E2), magnesium silicate (E3) and phosphate rock (E4), mixed amendment (EM) and two level of NPK fertilization. These
treatments were applied in an established meadow with: kikuyo (Pennisetum clandestinum), blue grass (Dactylis glomerata), perennial
rye grass (Lolium perenne) and white clover (Trifolium repens). The amendments and fertilization were incorporated after the first cut,
in an amount equivalent to 1500 of lime, 500 of gypsum, 300 of magnesium silicate and 300 of phosphate rock kg ha! year?!, plus
fertilization F1: N100-P50-K50 and F2: N300-P100-K100, fractionated for 10 cuts per year. The variables evaluated were: green mass
production, dry matter, macro and micronutrient soil content. The forage assessment was based on the physiological growth of rye
grass as a dominant prairie species. The results positively affected the quality and production of forage in t ha', due to the effect of
lime, phosphate rock, and NPK fertilization. There was a high fixation of NH4, K, and P, due to the effect of amorphous minerals, high
Fe content, and water deficit. Hence it is recommended to keep close to the soil's field capacity level.
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The application of compost according to Vazquez et al [2]
I.  INTRODUCTION increases the content of organic matter (MO), the electrical

Volcanic soils derived from volcanic ash are classified as conductivity (E.C.), the phosphorus available in the soil, there

Andisol or Andosol [1], with little differentiated profile, they is 2 buffer effect of the pH and the bulk density decreases..
are recent soils originating from pyroclastic volcanic The amendm@nts are usugl}y: organic matter that pr9V1des
formations (basalt), and in Ecuador they fill an area of around humps, COy, mlCI'O.blall activity [3], ,[4]; an,d some minerals
8'438,650 ha that, is approximately 31% of the agricultural that improve the soil, in water retention, 5011. stmcturq to the
territory. Volcanic ash (pumice, coal, lava, and pyroclastic formatlon O,f pe,d,s or agst egates, CIC, chelation capac ity and
materials) has characteristics corresponding to amorphous qutrlent ayallablllty [5.]..M1nera1 amendments are: agricultural
soils (Al and Si): without form or defined internal structure. hénle or 11?estone,l filhca(tie Mg, Carbonelllt.e ho}t; 1Ca and Mg
They are black due to allophane clays, medium to low organic (do omltg ime), su urand gypsum (61, which help t9 (.sorrect
matter content (< 3%), bulk density (1.18 to 1.20 g cm?), and the reac.tl(.)n of the 5011., modl.fylng the a01d1t.y or alkahm.ty and
high fixation of P, K, and NH4; Slightly acidic to neutral pH the sghmty of Na in §a11ne-sod1um soils. Accordlr}g to
(6-7). They are soils suitable for agriculture (Andean crops) Celestina et al [7], organic amendments are an alternative to
pastures, forestry, paramo crops, and ecotourism Ar; inorganic fertilizers, as they can restore degraded soils and
amendment is the addition of a mineral, organic, or fertilizer improve the physicochemical conditions of the soil.

product to improve the quality of the soil in terms of the h Foragzs fare plants that remalil in cont 1nuo}1:s &r OWt.h’.SO
physical properties of the soil (structure, water movement), they need frequent nutrient supplementation, the association

chemical properties (cation exchange capacity, CIC), and of gr asses irpproved with L, le.ucolc.ep hala, under.production
biological, in order to improve the availability of its nutrients, conditions, ) increased the availability of “’“?1 b10ma§s gnd
its pH and the good development and performance of plants. crude protein (PB) per hectare[8]. For an efficient application
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of fertilizers, it is necessary to consider the stages of
development of the forage, and in soils of poor and coarse
texture, it is advisable to fractionate the doses of fertilizers for
the year. 30 to 40 % of nutritional requirements (kg ha!) can
be applied shortly after the first cutting or grazing, and the rest
for two or more applications during the forage production
period in the year [9]. The alternative to correct acidity in soils
is the use of lime amendments that increase the base content
and neutralize the protons resulting from the acidification

process.

Fig. 1 Application of Amendment

A. Pasture Physiology and Fertilization

A forage fertilization program must guarantee the high
quality and persistence of the grass over time, so the
morphology and physiology of the plant must be known since
the grass is a solar panel that, through photosynthesis,
produces carbohydrates for the production of leaves and
shoots. These carbohydrates are stored at the base of stems,
roots, rhizomes, and stolons. Some of these carbohydrates are
consumed during grazing and keep the plant alive in periods
of stress. Therefore, nutrition, especially of N, favors the
production of fodder and proteins, especially in an Andisol
soil that presents deficiencies in N, P, and S, which are
elements contained in organic matter where the processes of
andolization with the formation of organic-mineral
complexes predispose to low mineralization and
accumulation of organic matter [6]. In addition, it is important
to leave an adequate residue of grass in the paddock, after
each grazing, to ensure the accumulation of reserves, the
pastures of the temperate-cold zones store energy in the lower
part of the stems, stolons, and rhizomes so it should be
expected to be at least 10 cm high. In comparison, tropical
grasses accumulate reserve nutrients below 20 cm so that they
can be harvested or grazed to that height. Fertilization with N
and, eventually, the NS and NPS combinations are essential
to maintain high yields in pastures after each of the cuts or
grazing since N is the element that most limits the yields in
the productive systems. Portillo et al. [10] indicate that
fertilization with 100 kg N, 75 kg P205, 30 kg K20, and 12
kg Mg ha'! in forage grasses and legumes is applied in sowing
and four months later gave good results. In summary, the
benefits of forage fertilization are an increase in N (protein)
content, digestibility, plant height and density, leaf-to-stem
ratio, and increased biomass production. Foliar [11] and soil
analyses are indicators of the degree of sufficiency and
deficiency of soil and forage nutrients, as well as adverse
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conditions that can damage grass establishments, such as
acidity, salinity, and toxicity of some minerals.

B. Acidification

Soil acidification is produced by the action of various
natural factors (edaphic, climatic, and biological) as well as
anthropogenic (derived from human activity) and consists of
a decrease in the pH of the soil as a result of the successive
accumulation of hydrogen ions, aluminum and the loss of
cations in the soil, such as K, Ca, Mg, Na. Goulding et al. [12]
add to natural factors such as acid precipitation and the
deposition of gases or acidifying particles from the
atmosphere, such as sulfur dioxide, ammonia, and nitric acid.
However, the most important causes of soil acidification on
agricultural land are the application of ammonium and urea-
based fertilizers, sulfur-based fertilizers, and the growth of
legumes. Acidification caused loss of changeable bases (K,
Ca, Mg and Na), increased aluminum saturation, and
decreased crop yields. The leaching of cations and the
production of acids during the mineralization of organic
matter acidifies the soil [13]. Severe acidification can cause a
mineral dissolution of clay, a reduction in cation exchange
capacity, and structural deterioration. It is important to state
that there are naturally acidic soils and living beings capable
of surviving in them, and when the soil has a high pH (acidic),
it will affect the development of plants and microbiological
organisms. Weathered Andisol with high amounts of
sesquioxides adsorbs and retains phosphorus, reducing their
availability to the plant. According to Tinoco and Bayuelo
[14], the availability of P is related to the type of land use. In
conventional agricultural systems, the retention of P increases
due to the presence of oxides of Fe and Al, which decreases
the available P (labile), that is, soluble phosphates, inorganic
phosphates attached to the surface of clays, and organic
phosphates.

C. Effect of Soil Amendments

Soils of volcanic origin, where most of the pastures used
by livestock systems develop, have variable loads
characterized by a high concentration of ionizable active
groups of Fe-OH and AI-OH. With the increase in acidity, it
is positively charged, generating soluble inorganic forms,
Fe**, Fe’" and the monomeric forms of Fe (OH)*" and Fe
(OH)** in the soil solution, where Fe?" participation is low,
except in acidic soils. SO4~, Al, Fe, Mn, and SiO; are related
to acidity. The solubility of Fe decreases as pH and aeration
increase. The presence of soluble forms of Fe in the soil
solution and the surface of the colloids react with phosphates
making them unavailable to the plant. Under acidic
conditions, H" protons accumulate and generate positive
charges that lead to the adsorption of anions, e.g., phosphates.
The increase in positive charges reduces the retention and
exchange capacity in the organo-mineral complex of the soil
and in turn, generates an increase in the content of Al and
soluble Fe.

For this reason, the negative charge of the soil must be
increased, raising the pH with the use of carbonates so that
changeable bases such as Ca, Mg, and K are adsorbed in the
colloidal complex and released as required by plants. On the
other hand, the decomposition of silicates puts silicon in the
soil solution in the form of soluble Si(OH)4 silicic acid or



H4Si04, increasing silicon availability in the soil solution.
Silicon is one of the most abundant elements of the earth's
crust and is considered essential for certain crops [15] has a
favorable effect on the growth of some plant species in field
conditions due to the increase it causes in the availability of
phosphorus for the plant, this is due to the exchange of
phosphate fixed in the sesquioxides of Fe by the silicate ion
[5]-

Plant roots take silicon in the form of silicic acid Si(OH)4,
a monomeric molecule with no charge below a pH of 9. Under
alkaline conditions, the Fe-OH groups of oxides are
neutralized by water, and the negative charges thus formed
result in the adsorption of cations. The most soluble or
available forms of P exist within a pH range of 6.0 to 7.5, so
a proper bleaching or liming program is essential to raise the
pH to this range and thus reduce P fixation. Organic
amendments applied to the soil can alter the immobilization
of N [16] and microbial; mineralization and availability of N.
Humid acid are a compound rich in C (57%) and N (4 to 6%),
acts as food and increases microbial activity to mineralize
manure [17]. Soil microorganisms have a C:N ratio close to
8:1[18].

Intensive agriculture in the form of monoculture causes
alterations in the soil [19], is highly extractive without
replacement of the bases of change, and with the massive use
of fertilizers, has accelerated the acidification and degradation
of soils. The use of amendments is to correct the acidity of the
soil [20], and nitrogen fertilization is the "engine of plant
growth" where the plant will show its efficiency shortly after
its application, the plants will develop a dark green color and
grow more vigorously, which in paddocks improves regrowth
and photosynthetic activity and shortens the cutting or grazing
cycle in the meadow [21]. Fertilization is the practice with the
greatest productive impact on pastures since it improves the
production of dry matter and the nutritional value of forage
and represents a very interesting tool to improve forage
productivity in unfavorable environments. Phosphate rock is
a product obtained from mines and subsequent metallurgical
processing of phosphate minerals, its main component being
apatite, a calcium phosphate mineral [22]. These are
extremely variable and complex compounds that, in addition
to providing phosphorus, also release other nutrients present
in the rock, some of which can be heavy elements, so it is
essential to know their origin, to avoid problems with the soil
[23].

With the background above, this research was carried out
in order to evaluate the effect of each of the products used as
corrective agents on the soil, referring to the use of lime,
gypsum, magnesium silicate, and phosphate rock, in a
meadow established with kikuyo, blue grass, rye grass, and
white clover. In addition, two levels of chemical fertilization
(NPK) were used.

II. MATERIALS AND METHOD

The research was conducted at the experimental site of the
Hcda. El Prado-IASA 1, Career of Agricultural Sciences, in a
soil whose agroecological characteristics correspond:
Texture: loam-clay, pH: 5.72, regular drainage, 3% slope,
average temperature: 13.98 °C, altitude: 2740 masl and annual
precipitation: 800 to 1325 mm. A three-year established
meadow was chosen to develop the field experiment with the
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forage species of kikuyo (Pennisetum clandestinum),
bluegrass (Dactylis glomerata), perennial ryegrass (Lolium
perenne) and white clover (Trifolium repens). The total area
for the research was 960 m?, where plots of 17.5 m?> were
established for each treatment under an experimental design
of random blocks with three repetitions. The treatments were:
No amendment or control (EO0), lime (El), gypsum (E2),
magnesium silicate (E3) and phosphate rock (E4), and MS
(mixed amendment). The chemical fertilization was: F1:
100N-50P-50K and F2: 300N-100P-100K. Fig. 2 presents a
summary in a flowchart of the stages of the research method.

B ectot batiliation nd Study problem: The avalability of
agricultural amendmentson nutrients 15 affected by acidity, voleanic
the quality of an established E— soils and low fertility. so the

application of fertilizers and correctres
influenced the quality, cutting time and
vield of the forage.

+

Methodology: Factors under study were
the application of 4 amendments to
correct the acidity of the soil with two
levels of fertilization, plus 2 controls one
without amendment and one without

grassland i a volcamic soil.

The measurement variables
were: production of green
and dry mass of forage in

each cut. Physical and
chemical analyzis of

volcanic. fertilization, and a mixed amendment,
mwving a total of 16 treatments, arranged
1n the field under a design of random
blocks with 3 repetitions.
The results include the synthetic, Conclusions: The amendments and

orderly and elaborate presentation
of the information obtamed. Results
are delivered in the form of written
text with the support of tables and =
figures, and if appropriate with
analysis and interpretation of the
data.

fertilization applied had significant
effects on production, forage
quahty, pH balance and mineral
content of the so1l. In addition, the
nutritional requirements for
forages were determined.

Fig. 2 Flowchart of research stages

III.  RESULTS AND DISCUSSION

A. Production of Green Material

Table 1 and Fig. 3 show the values and variation of forage
production, during the four cuts, according to the treatment,
with and without amendment plus chemical fertilization,
which significantly affected forage development and yield in
all treatments applied. The results indicate that the treatments
El (agricultural lime) and E4 (phosphate rock) with
fertilization gave the highest yields, compared to gypsum (E2)
and Mg silicate (E3), while the treatment with mixed
amendment (EM) had the lowest production, which highlights
that it is not advisable to mix various sources of correctives.

Fertilization (F2) had a greater effect than F1, indicating
that forages need high amounts of NPK to meet their
requirements, especially N. According to Basantes-Morales,
Alconada, and Pantoja [21] is the driving element of the plant
since it directly influences the processes of photosynthesis
and synthesis of proteins that have to do with the growth or
metabolism of the plant. In pastures can be said that it
accelerates regrowth, greater photosynthesis, and can shorten
the cutting or grazing cycles. Based on production data, it can
be concluded that fertilization [24] is essential for the
production of established grasslands that even works without
applying corrective sources.



TABLE I
RESEARCH TREATMENTS AND VARIABLES

Green matter (t ha!)

TREATMENS Ist 2nd 3rd 4th Total
CUT CUT CUT CUT

T1 EOFO 12.1 be 95¢ 12.2 ef 9.1f 42.8
T2 EOF1 11.5 be 16.6 ab 16.5 def  14.8 cdef 59.5
T3 EOF2 13.7 abe 16.5 ab 247 a 21.0 abe 75.8
T4 E1F0 103 ¢ 11.6 be 11.7 ef 11.3f 45.0
TS5 E1F1 13.6 abc 16.6 ab 17.0 cde 17.5 abede 64.8
T6 E1F2 17.8 a 16.6 ab 21.8abc  23.7a 79.6
T7 E2F0 10.6 ¢ 10.1 be 12.2 ef 9.8 f 42.8
T8 E2F1 12.5 be 17.0 ab 16.2 def 18.0 abed 63.6
T9 E2F2 15.6 ab 16.8 ab 18.8 bed 21.2 ab 72.5
T10 E3F0 10.5¢ 11.6 bc 11.5fF 9.5f 43.1
T11 E3F1 10.0c 13.0 abc 12.2 ef 11.5fF 45.6
T12 E3F2 13.8 abc 15.8abc  19.5bcd 233a 72.5
T13 E4F0 12.0 be 12.8 abc 12.8 ef 13.0 ef 50.6
T14 E4F1 11.8 be 12.0 be 18.2bcd  15.5 bedef 57.5
T15 E4F2 14.0 abc 16.5 ab 22.3 ab 23.0a 71.6
T16 EM 11.0 be 14.1abc  11.8ef 14.5 def 51.0

X (tha!)y  12.6 144 162 159 59.0

CV (%) 19.4 243 17.4 21.1 23.0

Source: [25]. Value in column followed by the same letter, are not
significantly differents (p > 0.05). Test: LSD Fisher.

The results presented in Table 2 and Fig. 4 represent the
production values for the effect of the amendments alone
compared to the control (no amendment). The results indicate
that there were no significant differences between the
amendments applied versus the control treatment or without
amendment, within each of the cuts. However, it could be
observed that the production values were growing in each cut,
except for the EO (without amendment) and EM treatments
whose performance decreased from the third cut, except for
the EM (mixed amendment)
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Fig. 3 Research Variable

The results generally indicated that any corrective can be
applied to the soil with meadow, although the use of El
(agricultural lime), E4 (phosphate rock) and E2 (agricultural
gypsum) stands out, as the correctives that influenced in the
highest biomass yield in the four cuts. Studies carried out by
Giraldo, Ramirez, and Castro [26], indicate that the
applications of increasing doses of lime at soil level
neutralized aluminum, raised the pH to the appropriate level,
and increased the calcium content and other nutrients, as well
as biomass production.

On the other hand, the data also indicated that the
application of a mixed amendment (EM) is not good, possibly
due to their effect on the soil reaction. Thus, in the sum of the
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average yields obtained in each of the cuts, the MS (51.5 tha
Y had the lowest values, even lower than the control treatment
(59.4 t ha'). Hence, the results indicate that the use of soil
amendments in established grasslands is important so that the
soil does not acidify due to the use of fertilizers, application
of organic fertilizers or mineralization of organic matter.

TABLEII
EFFECT OF AMENDMENTS ON THE GREEN MATTER PRODUCTION IN FOUR
EVALUATED CUTS.
Green Matter, t ha'!
Amendments
1st 2nd 3rd 4th total ~ average
cut cut cut cut
EO control 12.4 14.2 17.8 15.0 59.4 14.9
El - lime 13.9 15.1 16.8 17.5 63.3 15.8
E2 - plaster 12.9 14.7 15.7 16.3 59.7 14.9
E3 - Mgsilicate 11.4 13.5 14.4 14.4 53.8 13.4
E4 — phosphoric r 12.6 14.6 17.8 17.2 62.2 15.5
EM 11.0 14.2 11.8 14.5 51.5 12.9

The results presented in this research are under those
obtained by Basantres et al. [9], where liming had a positive
effect on the increase and balance of pH, since the pH values
due to liming increased from slightly acidic (5,8) to almost
neutral (6.4). In contrast, the organic matter had a downward
effect indicating that there was greater oxidation and release
of the mineral N that the plant used and an increase in N
content in the soil with a linear trend and with a correlation
close to one (R? 0.96). Forage species respond positively to N
application doses [27] which positively influences the
increase in biomass production, crude protein content, and the
vegetation index.
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Fig. 4 Research Variable

In summary, the results obtained guarantee greater
production and quality of fodder. However, it is necessary to
maintain a fractional and continuous application of lime since
the pH at the end of the experiment tended to return to its
original state since the acidity by the application of organic
matter and fertilizers can continue in the soil. Pastures, like all
crops, require management practices to increase production,
so the methods of renewing meadows in Lolium sp. favored
the production of green forage and dry matter with 34.2 t ha'!
and 4.19 t ha'!, respectively, in times of high and low rainfall,
due to good root development and good availability of
nutrients [28]. Regression models using a series of data
obtained or recorded in an area of climatic conditions and
soils in situ can support soil correction decisions or make
forecasts of climate and other phenomena, such as sea-level



changes. According to Maliberan et al. [29] the estimated data
are similar to the actual data, implying that they are accurate,
these forecasts have been made to forecast sea level changes
[30] and rainfall forecasts [31].

B. Dry Mass Production

Table 3 shows the analysis of the variance of dry matter
under the effect of modifications and fertilization, where
treatments differed to the level of 1% in the dry matter content
in the first, third and fourth cuts. From these, the amendments
differed at the level of 1% in the third cut, showing a high
importance in the comparison MS vs Rest, (EM, mixed
amendment of lime plus gypsum plus Mg silicate plus
phosphate rock).

In relation to E3 (Mg silicate), the treatments differed in
the level of 1% in the third and fourth cuts. At the same level,
differences were found between the established orthogonal
comparisons, except for the FO vs F1, F2 comparison, which
did not present statistical differences. This amendment was
characterized by its slow action in the soil, which meant that
after 100 days the efficiency in the use of nutrients improved,
which influenced an increase in green matter and therefore
dry matter. This amendment [5], on the one hand, releases Mg
into the soil, which increases the mineral content of this
element for the plant and the silicates can play a fundamental
role in the availability of phosphorus for the crops, in addition,
the silicates consume the H" from the soil to form HsSiOy,
which helps raise the pH.

Within the amendment (E4), with phosphate rock,
fertilizations differed to the level of 1% in the third and fourth
cut and to the level of 5% in the second cut, the comparison
FO vs F1, F2 differed to 1% in the third cut and to the level of
5% in the fourth cut, while in the comparison F1 vs F2 the
differences were found in 5% in the second and fourth cut.

The overall average dry matter yield was 2.4, 2.8, 3.2, and
2.6 t ha', for the first, second, third, and fourth cuts,
respectively, showing that dry mass production was up to the
third cut with an average increase of 0.4 tha™, but in the fourth
cut, there was a decrease in the production of 0.6 t ha,
indicating that at this stage there is a need to apply corrections
and fertilization. The coefficients of variation were between
17.8 and 24.9%.

C. Amendments or Corrections

It is a process that aims to improve the physical-chemical
and biological conditions of the soil in order to ensure that the
soil remains balanced, aerated, permeable, and with high
water retention capacity, and thus has better root development
in grasses and legumes through a correction of pH (acidity or
basicity) and a reduction or neutralization of aluminum and
sodium.

TABLE IV
DRY MATTER PRODUCTION IN FOUR CUTS

TABLE III
ANALYSIS OF DRY MATTER VARIATION
Sources of GL CUTS
Variation Ist 2nd 3rd 4th

TOTAL 47

REPETITIONS 2 3.2 ** 6.4 ** 1.8 ** 4.2%*
TREATS (15) 0.6 ** 0.9 2.3 ** 2.3 **
AMENDMENTS 5 0.3 0.2 1.3 ** 0.4
EM vs Rest 1 03 0.0 2.9 ** 0.2
EOvs E1 E2 E3 E4 1 0.0 0.7 09 0.4
E4vsE1,E2,E3 L 0.0 0.0 1.0 0.2
E3vsEl,E2 108 0.3 0.9 1.0
El vs E2 103 0.0 0.5 0.2

D EO (Control) 203 1.2 4.8 *%* 2.9 **
FO vs F1, F2 1 0.0 1.8 5.8 ** 4.2 **
F1 vs F2 1L 05 0.6 3.8 ** 1.5*
D El (Lime) 2 1.9 0.9 2.8 ** 3.1 **
FO vs F1, F2 1 27 ** 1.8 3.8 ** 4.5 **
Flvs F2 Io10* 0.0 1.8 * 1.5 %
D E2 (Plaster) 2 08%* 1.7 * 13 * 2.8 **
FO vs F1, F2 1 12%* 35 % 22 % 5.2 **
F1vs F2 1 05 0.0 0.4 0.4

D E3 (Silicate Mg) 205 0.5 2.1 ** 4,9 **
FO vs F1, F2 102 0.9 1.0 3.0 **
F1 vs F2 109 0.3 3.1 ** 6.9 **
D E4 Phosphoric R 207 1.6 * 2.9 ** 2.2 **
FO vs F1, F2 100 0.5 4.54 %  22%*
Fl vs F2 103 2.8 * 1.37 2.2%
Mistake exp. 30 02 0.5 0.34 0.3

X (t ha™) 2.4 2.8 32 2.6
CV (%) 19.6 24.9 17.84 21.4

Source: [25]. * Significant and ** Highly Significant

Within EO (without amendment), fertilizations differed to
alevel of 1% in the third and fourth cuts, and at the same level.
Statistical differences were found in the comparisons FO vs
F1, F2; and F1 vs F2, except for the second comparison which
only showed differences of 5% in the fourth cut. Amendment
E1 with fertilization differed to a level of 1% in the first, third,
and fourth cuts; and at the same level, differences were found
in the comparison FO vs F1, F2, while it was significant in the
F1 vs F2 comparison (at the 5% level). Liming resulted in an
increase in dry mass production, as it improves soil pH by
optimizing nutrient use.

With the E2 amendment (plaster), fertilizations
significantly affected the level of 5% in each of the first three
cuts and on the level of 1% in the fourth cut, and this same
variation was found in the comparison FO vs F1, F2. Gypsum
and lime-based amendments had positive effects on dry mass
in legume fodder and varied according to water behavior [32].
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Dry matter (t ha'!)

Amendments
1° 2° 3° 4° Total X
EO control 23 2.6 3.6 24 10.9 2.7
El LIME 2.7 3 34 2.8 11.9 3.0
E2 CAST 24 29 3.1 2.7 11.1 2.8
E3 Mg SILICATE 22 2.7 2.8 23 10.0 2.5
E4 P ROCK 23 2.8 3.5 2.8 11.4 29
EM 2 2.7 23 23 9.3 23
X (t ha™) 2.3 2.8 3.1 2.5 10.8
CV (%) 19.6 24.8 17.8 21.4

To choose which corrective measure to use, it is necessary
to know the type of soil, for example, sandy soils are very
poor, since they are deficient in N, P, K, Ca, Mg, among
others, so the correction of this type of soil must be done
through the continuous contribution of organic matter, uses of
green fertilizers, compost, and chemical fertilization. In clay
soils, the correction is done by applying Ca, Mg and K, which
are fundamental bases for soil balance, application of organic
matter to decompress the soil, aerate and be able to perform
mechanical tasks. According to Zapata et al [33], the use of
residues as green manure increases microbial biomass and soil



biological activity in terms of the production of CO»
containing C and N in microbial biomass.

Table 4 and Fig. 5 show that the highest dry matter
production in t ha'! occurred when the modifications were
made with El (agricultural lime) and E4 (phosphate rock).

The least functional amendment was EM (mixed amendment).

Animal production is based on food, in this sense it is
necessary to obtain pastures of great nutritional value and in
large quantities in order to provide proteins and carbohydrates
for more milk, sheep with better carcass quality and guinea
pigs obtain greater weight in less time, hence the care of the
soil based on the use of corrective and chemical fertilization
is fundamental, so as not to degrade the soil and obtain the
highest yields. Food production is a growing need in response
to population growth, and so the demand for livestock
products, and according to FAO [34] the global demand will
increase by 70%, to feed a population, estimated to reach 9600
million people in 2050. The 34% of the world's food protein
supply comes from livestock. According to Malpartida [35],
spirulina is a blue-green algae that is currently considered a
superfood because of its great concentration of amino acids,
vitamins, fatty acids, minerals and carbohydrates, also for the
benefits it brings to health. It finds in natural alkaline waters,
for its growth it needs CO, which will allow it to carry out
photosynthesis, comparing it with other products, it has more
proteins than soy and beef.
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By associating different species of grasses, more green
fodder is produced than by planting a single species of fodder,
for example, only alfalfa. Zapata et al. [36] maintains that
liming increased the forage production of L. perenne and the
content of Ca, Mg and P increased due to the influence of
alkalinity. As stated by Bozhanska and Churkova [37], the
incorporation of legumes in grasslands increases the content
of crude protein (PB) in forages and decreases or replaces the
excessive use of nitrogenous fertilizers.

Within each of the amendments presented in Fig. 6, the
positive effect of fertilization on dry matter yield is observed,
since as fertilization increases the total dry matter yield of the
three cuts were better produced by the effect of amendments
El (agricultural lime) and E4 (phosphate rock). The
treatments that achieved the highest yields were T6 E1F2
and T15 E4F2 (Fig. 5). The lowest yields occurred when
fertilization was not added, especially under amendment E3
(Mg silicate). According to Goulding [12], liming under
recommended pH values increases productivity, benefits soil
structure, improves degraded soils, and, if used in conjunction
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with other management practices, can benefit grassland
biodiversity.
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D. Determination of Nutritional Requirements in Pastures

The nutritional requirements represent the fertilization
needs of plants and in forage species are the product of the dry
mass (MS) harvested (cut) by the nutrient content (MS x %
N, P, K, Ca and others) [6]. In the case of micronutrients, it
must be considered that the content of them is determined in
mg kg' (ppm). Based on cut-off time, forage production
values are obtained from forage growth response curves. For
example, in this research the average production of dry
biomass during the four cuts was 10770 kg ha! (Table 4), and
the analysis of the foliar N content was 2.81%, making the
calculation corresponds to 302 kg N ha'! that extracts, which
is equivalent to saying that 28.1 kg N t! of MS ha'! is required.
Thus, the required amounts of NPK and other macronutrients
can be obtained in kg/ha/year, and for micronutrients (g ha™!
year!) for forage species. Organic amendments are used to
improve the physical, chemical and microbiological
conditions of the soil, allowing to increase the macro and
micronutrients necessary for plants to improve their
production [38], in addition the type of tillage and the
edaphoclimatic conditions influence the establishment and
production of fodder [28].

E. Soil analysis

Fig. 7 shows the nutritional content in mg of the element
per kg of soil (ppm) and the pH variation (5.7), which varied
from the slightly acidic to acid range. The results of the
macronutrients nitrogen (NH4) and P indicate that these
elements are found in large quantities and the micronutrients
in adequate parameters, except for Zn, which varied from
medium to high. The S content varied from medium to low,
so using fertilizers or corrective sources containing sulfur is
recommended. The iron content (Fe) showed very high
contents (630 ppm at the beginning, 365 ppm M1 and 380
ppm M2). Correlating the high contents of NH4 and P in the
soil with the forage yield, it is indicated that they were not
directly reflected in the increase in production, which could
be due to the following: The soil where the meadow was
established, corresponds to volcanic soils that have very high
chemical characteristics to fix NH4, P and K. In addition, the
high contents of Fe (458 ppm) reacted with P and form Fe
phosphates, which are forms not available for the absorption



of phosphates for the plant, so it is essential to apply
corrective solutions based on sulfates so that they react with
Fe and free phosphates depending on the pH of the soil
(H2PO4, HPO4~, PO4Y), can be absorbed by grasses. The high
content of NH4 in the soil due to the mineralization of organic
matter or from the application of ammonium-based fertilizers,
contribute to the increase in soil acidity, since NH4" is
converted NO3- through biological oxidation and during this
process H" is released into the soil solution. In addition,
because they are amorphous minerals, they fix NH4" and K*
between their A" and Si** sheets of allophanes (amorphous
aluminum hydrosilicate), when the moisture content is low,
so in these soils the soil must be kept moist or close to the
field capacity and not fall to levels close to the point of
permanent wilt [5], [6].
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Fig. 7 Content of NH4, P, S, Zn, Cu, Mn, B (ppm) and pH, at the Beginning,
Intermediate and End of the Test

The bases of change obtained at the beginning (M1) and
end of the trial (M2), and presented in Fig. 8, indicate that
these varied depending on the time and treatments. Overall,
the content of K in the soil was low (0.21 meq 100 m1 '), Ca
(7.4 meq 100 ml') medium and Mg (2.14 meq 100 ml?')
medium to high. There is a high ratio in the content of Ca in
relation to K and Mg and even more of Mg / K, relationships
that affect the nutritional balance of the edaphic solution of
nutrient absorption due to its antagonistic nature, which is
produced between nutrients by interactions between ions with
similar physicochemical properties such as valence and / or
the diameter of the ion, Examples: NH4/K, Ca/K, P/Zn,
Mn/Mg and others. The low content of K in the soil also
indicates that these soils tend to fix K+, respecting their
characteristics of volcanic soils with a high content of
allophynic minerals that fix K, so it is recommended to keep
the soil at levels and humidity close to the ability to counteract
the fixation of K+ in the soil. For Mg?*, an average content is
reflected, whose relationship with K* and Ca?" is less
adequate.

The soil is alive, it is not a static element there develops the
biochemical and microbial activity of trillions of fungi,
bacteria and other organisms, which is essential for the
maintenance of the health of the soil and plants. Fungal
diversity is associated with land use [39] compared to
bacteria, and they are approximately equal in weight. As soils
become compact, larger pores are removed, where soil
animals, such as earthworms and beetles, live and function,
hence in compacted soils it decreases [13].
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Finally, and as a reflection, crops in generally Excessive
fertilization has negative impacts on the soil, and microbial
life, that plants grow weak and glean too much, since each
crop has its specific fertilization needs, the general
recommendation is to control the electrical conductivity of the
soil, its pH and the nutrient content of the substrate to fine-
tune the amount of fertilizer application to the maximum and
avoid damage to the soil-plant system.

IV. CONCLUSION

Fertilization and chemical amendments positively affected
the production of the forage mixture. The highest yield of the
green matter was obtained with the application of
amendments and fertilization (F2) based on limestone and
phosphate rock, with 19.9 and 19.4 t ha! average/cut.
Whereas, for the same modifications without fertilization, it
was around 15.7 t ha! average per cut for each. The same
favorable effect was observed with dry matter production,
where amendments E1 (agricultural lime) and E4 (phosphate
rock) reached 3.01 and 2.90 t ha' average per cut,
respectively, yields that are within the average (2.85 tha!) per
dry matter cut of perennial ryegrass (Lolium perennial).
Magnesium silicate had a slow reaction in the first cuts and
the best soil responses occurred 100 days after its application.
The use of gypsum (E2) with high fertilization (F2) acidified
the soil (pH 5.5) while gypsum with low fertilization
increased the pH (5.72) of the soil. To improve a pasture, it is
recommended to first apply the amendment and fertilization
in the next cut to increase the availability of added nutrients
in fertilizers, which will be reflected in the increased botanical
composition and increased forage productivity of the prairie.
In addition, fertilization should be carried out according to the
element that is in the least amount.
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