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Abstract: Planned silvopastoral —systems
can improve the productivity of pastoral
livestock. The objective was to analyze
characteristics of the forage plant canopy
of three types of areas for sheep grazing:
silvopastoral system Leucaena leucocephala-
Megathyrsus maximus var. Mombasa at two
densities of L.leucocephala and natural field
in a low deciduous forest environment. The
densities of L. leucocephala were 4700 and
2383 plant plants/ha. The variables were:
amounts of forage offered (FO) and rejected
(FR), daily forage allocation (ADF), harvest
grade (GC), forage disappearance rate (TD),
in vitro digestibility of dry matter (DIVMS),
crude protein (CP) and concentration of
eight minerals, which were determined
in blood serum and weight of the sheep
to calculate daily weight gain (GDP). The
design was completely randomized with three
repetitions. The natural field showed up to
50% less (p<0.05) FO, FR, ADF and TD than
the average of the two silvopastoral systems.
The DIVMS of the herbaceous FO (Mombasa
in silvopastoral systems) did not show a stable
trend, but the PC did, which was 25% higher
(p<0.05) in the natural field. The DIVMS and
CP in the FO of the tree layer were similar
(p>0.05) in the three types of grazing areas.
The FO considering herbaceous and tree
strata showed high levels of K and Fe, while,
for Ca, Mg, Na and Zn, it is advisable to offer
them in addition to the forage in the three
types of grazing areas. The sheep in natural
fields lost weight while those that grazed
any silvopastoral systems gained weight. The
silvopastoral system Leucaena leucocephala-
Megathyrsus maximus var. Mombasa shows a
forage canopy that can improve the productive
behavior of livestock compared to the natural
field of a low deciduous forest.

Keywords: minerals; daily forage allowance;
daily weight gain.

INTRODUCTION

In tropical areas, pastoral livestock farming
is based on grazing natural fields with trees
(Genro and Silveira, 2018;Ibarra et al., 2018).
Contreras-Santos et al. (2020) pointed out
that planned silvopastoral systems in terms of
species and densities of woody and herbaceous
plants can improve the productivity of pastoral
livestock, in addition to collaborating in the
rehabilitation of degraded soils, reducing the
emission of greenhouse gases or mitigating
the impact environmental of them.

Silvopastoral systems are agroforestry
arrangements with herbaceous and tree
forages, grasses and legumes among
herbaceous plants, and legumes among
trees, seeking to offer higher quality forage
and environmental services (Améndola et
al., 2016; Chara et al., 2020). Several authors
(Oliva et al., 2018, Diaz et al., 2020; Gallego
et al., 2017; Gamarra et al., 2018; Caicedo et
al., 2018; Oliva et al., 2018; Vasquez et al.,
2020) conclude that silvopastoral systems,
with herbaceous and tree plants relevant
to the environment, facilitate productive
pastoral livestock by providing sufficient
forage in quantity and quality. Other authors
(Escobar et al., 2017; Pachas, 2017; Gonzélez-
Valdivia et al., 2018; Escobar et al., 2020) add
that silvopastoral systems provide greater
environmental services and biodiversity than
grazing areas dominated by grasses.

Chara et al. (2020) emphasize, for the
Latin American region, that the expansion
and livestock and environmental benefits of
silvopastoral systems will be derived from
local validations of species, densities and
topology.

In the tropical biome of low deciduous
forest in southern Mexico, pastoral livestock
farming is carried out on natural fields of
native herbaceous and woody plants, even
though there is evidence (Benitez et al., 2010;
Rivera-Herreraetal.,2017) in this plant biome,
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that the productivity of pastoral livestock can
be improved with respect to the natural field if
planned silvopastoral systems are established
with Leucaena leucocephala and L. collinsii
and improved grasses. However, it remains
to define characteristics of the plant canopy
that explain the superiority of silvopastoral
systems over the natural field.

Therefore, the objective of the study was
to analyze characteristics of the forage plant
canopy of the silvopastoral system Leucaena
leucocephala-Megathyrsus ~ maximus  var.
Mombasa and the natural countryside
exploited by grazing in a low deciduous forest
environment.

MATERIALS AND METHODS

The study was carried out in an area of
the low deciduous forest biome within the
El Limén ejido, Tepalcingo, Morelos. The
annual precipitation is 900 mm concentrated
in the four hottest months of the year, without
precipitation in winter, the environmental
temperature varies from 13 to 340C with an
annual average of 230C (Dorado et al., 2005).
There were three treatments: natural field and
two arrangements of the silvopastoral system
Leucaena leucocephala-Megathyrsus maximus
var. Mombasa, 4700 and 2383 L. leucocephala
plants/ha. The experimental design was
completely randomized with three repetitions,
the experimental unit was a 200m2 pasture.

The paddocks in L. leucocephala-M.
maximus var. Mombasa, the year before
starting the experimental grazing, seed
was collected from a local individual of the
first species, it was sown in plastic bags that
were kept in the nursery for six months, at
the beginning of the rainy season they were
transplanted, the plantation was in single row
4m apart, within rows the separation from
one plant to another was necessary to give
the target densities, the grass was sown at the
beginning of the rainy season of the year prior

to the year in which the grazing was carried
out, the density It was the equivalent of 5
kg of pure germinable seed/ha, sowing was
broadcast.

The pastures in natural fields were only
delimited, in them during the rainy season
the dominant herbaceous stratum was species
of the Asteraceae family, the arboreal included
guacima (Guazuma ulmifolia), cubata (Acacia
cochliacantha), huizache (Acacia farnesiana),
casahuate (Ipomoea murucoides), tecolhuixtle
(Mimosa  benthamii) and  guamuchil
(Pithecellobium dulce) at a density of 300
trees/ha.

The experimental grazing was from
October to November 2015, three groups of
4 sheep were formed (% Dorper % Pelibuey),
each group sequentially grazed each of the
three paddocks of each treatment, with 15
days of occupation per paddock, the stocking
density The animal size was 200 sheep/ha,
grazing began when the grass completed 21
days of regrowth, after a homogenization cut.

In each paddock, forage offered (FO)
and rejected (FR) were measured using the
protocol of Gardner (1967) and Haydock and
Shaw (1975); daily forage allowance (ADF)
according to Hodgson (1979); harvest degree
(GC) and forage disappearance rate (TD)
applying the equation of Stuth et al. (1981).
The quality of FO and FR was determined by
in vitro digestibility of dry matter (DIVMS)
with the technique of Tilley and Terry (1963)
modified by Barnes (1969); crude protein
(CP) by Microkjeldahl (AOAC, 1984); and,
concentrations of Ca, Mg, Na. K, Cu, Fe, Zn
and P, the first seven by atomic absorption
spectrophotometer (Perkin Elmer) and
the last by colorimetry using the UV/VIS
spectrometer (Fick et al., 1979). FO and FR
in quantity and quality were separated by
herbaceous and woody strata, in the natural
field paddocks they were weeds and foliage
of the woody plants previously identified as
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consumed by sheep, in those of silvopastoral
arrangements they were Mombaza and L.
leucocephala, as strata herbaceous and woody,
respectively. All plant tissue data were always
based on dry matter.

At the beginning and end of each
occupation period, the sheep were weighed
to calculate daily weight gain (GDP), and at
the beginning and end of the experimental
grazing, blood samples were taken from the
sheep to measure the same minerals in blood
serum as in the Plant tissue. The sheep were
always weighed with a prior eight-hour fast.

The statistical analysis was by analysis of
variance, for the variables of quantity and
quality of forage, the paddocks were the
repetitions, for the variables of daily weight
gain and concentrations of minerals in
blood serum, each sheep was a repetition. To
analyze the data, the general procedure for
linear models (PROC GLM) of the statistical
package SAS 9.4 (2014) was applied, in case of
a significant effect ((p<0.05) the means were
separated byTukey (a=0.05).

RESULTS AND DISCUSSION

The natural field presented lower amounts
of FO than the silvopastoral arrangements in
the herbaceous and tree strata and therefore
in the total, the FR of the herbaceous stratum
of the natural field was reduced by 67% with
respect to the average of the silvopastoral
arrangements. Among the silvopastoral
arrangements, the FO and FR of Mombaza
remained unchanged (p>0.05) but the supply
of foliage from L. leucocephala was reduced by
55% by reducing the density of this species by
49% (Table 1).

The greater FO of the silvopastoral
arrangements than the natural field coincides
with what was obtained by Echavarria et al.
(2007) and Ibarra et al. (2018) these authors
indicate that by incorporating species relevant
to the physical and biological environment

and with a history of improvement in forage
production when forming silvopastoral
arrangements, this result can be expected.
Reid et al. (2014) add that native vegetation
can be a poor source for feeding domestic
livestock and the function of this vegetation is
more associated with wild fauna.

The strong reduction in the FR of the
herbaceous stratum of the natural field may
imply poor basal soil cover after grazing by
domestic livestock, leaving the soil with little
cover makes it susceptible to erosive factors
(Echavarria et al.,, 2023). The improvement
in soils in grazing areas with improved forage
species could be associated with their coverage
(Genro and Silveira, 2018).

L. leucocephala at a higher density allowed
for greater FO, without detriment to the
Mombaza FO, which allows us to point out
that the higher density of L. leucocephala in
the applied topology did not cause excessive
shading on the grass canopy. Benitez et al.
(2010) agree in not registering a positive or
negative effect on FO of Brachiaria brizantha
var. Freedom by varying the density of L.
leucocephala; However, Bacab and Solorio
(2011) and Azuara-Morales et al. (2018) found
that grass increased FO by increasing the
density of L. leuecocephala, so they concluded
that the woody stratum may present positive
effects of microclimate on the accumulation of
the herbaceous stratum and not only governs
competition for light.

The herbaceous stratum of the natural
field showed an FO that could be considered
high compared to those recorded by Miliani
et al. (2008) in a grazing area in a lowland
forest biome during the rainy period. For
both densities, the FO of L. leucocephala was
high when compared to data such as that of
Hernandez et al. (2020), but not the woody
stratum of the natural field, which was very
scarce. The high levels of herbaceous FO in
the natural and woody field of L. leucocephala
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FO by stratum and total

Type of grazing area FR herbaceous layer
Herbaceous Woody Total
Silvopastoral 4700 8935.9+506.2° 217.7+42.20 9153.7+534.42 2265.7+199.9¢
leucaenas/ha
Silvopastoral 2383 784104737 42 97.7424.8b 7938.7+754.6° 2806.6+231.4°
leucaenas/ha
natural field 3711.9+108.8b 10.4+4.5¢ 3722.3+107.0b 827.4+83.7b

*bc-means in the same column with at least one letter in common are not different (Tukey, a = 0.05).

Chartl. Quantities in kg/ha (averagetstandard deviation) of forage offered (FO) and rejected (FR) in three
types of grazing areas.

Grazing process parameters

Type of grazing area ADF (kg D(li\/l/ 100 kg BW/ CG (%) TD (kg DM/100 kg BW/ GDP, g/sheep
ay) day)
Silvopastoral 4700 13.6+0.42 75.142.4a 9.940.6% 53.749.4
leucaenas/ha
Silvopastoral 2383 11.620.72 64.5+1.0b 7.340.4 64.8+18.3¢
leucaenas/ha
natural field 5.840.2b 77.742.68 4.5+0.3b 14.8+5.23b

abe-Means in the same column with at least one letter in common are not different (Tukey, a = 0.05).

Chart2. Parameters of the grazing process,todaily forage allocation (ADF), harvest grade (GC), forage
disappearance rate (TD) and daily gain of weight (GDP) of sheep (Meantstandard deviation)in three types
of grazing areas

Type of grazing DIVMS (%) PC (%)
area herbaceous FO  FO - arboreal herbaceous FR  herbaceous FO  herbaceous FR  FO - arboreal
Silvopastoral
4700 leucaenas/ 45.9+3.5> 66.6+1.52 27.6+1.9¢ 7.8+1.1° 3.240.42 22.7+1.82
ha
Silvopastoral
2383 leucaenas/ 60.7+2.42 60.6+6.62 55.9+2.22 7.0+0.3b 3.6+0.72 21.6+2.82
ha
natural field 60.6+6.12 56.2+4.0a 47.1+1.7b 11.7+0.72 7.3+3.92 19.24+2.42

sbe-Means in the same column with at least one letter in common are not different (Tukey, a = 0.05).

Chart3. Socks+standard deviation of din vitro igestibility of dry matter (DIVMS) and crude protein (CP)
of forages offered (FO) and rejected (FR) in three types of grazing areas.




allow us to indicate that the soil characteristics
were favorable for plant growth.

The ADF and TD were 54 and 48% lower
(p<0.05) in the natural field compared to the
average of the silvopastoral arrangements
that showed no difference between them. The
lower ADF in the natural field was associated
with weight losses in the sheep, while in both
silvopastoral arrangements the sheep showed
a daily weight gain close to 60 grams (Table 2).

The higher GDP of sheep exposed to
higher ADF in silvopastoral arrangements
could be due to the fact that grazing animals
with higher ADF have a greater opportunity
to select the forage to consume and therefore
higher quality forage and even a higher FR
(Minson, 1971) as was the case in this study.
Avendario et al. (1986) indicate that at higher
ADF, even when the forage on offer per animal
is greater and more forage can be consumed,
the amount of forage rejected may be greater
than at lower ADF.

The silvopastoral arrangement with a
lower density of L. leucocephala showed
lower (p<0.05) GC than the one with a higher
density, perhaps the sheep exposed to a
higher density of L. leucocephala had a higher
consumption of crude protein and therefore
a higher consumption (Bacab and Solorio,
2011). In the three types of grazing areas
the GC was higher than what was found by
Benitez et al. (2010) who obtained CG of 58%.

The highest GDP of silvopastoral
arrangements with L. lecocephala coincides
with what was found by Medina and Séanchez
(2006) andWood et al.(2013) who found
that the inclusion of L. leucocephala caused a
higher GDP and this response was not only
explained by a higher quality of the forage
offered but also by a possible lower parasite
load in animals exposed to L. leucocephala.
The GDP in the sheep of almost 60 grams
exceeded the GDP of 28.35 g obtained
by Alvarado-Canché et al. (2017) in a L.

leucocephala-Cynodon plectostachyus with
6666 leucaenas/ha but lower than the 114 g
obtained by Villanueva-Partida et al. (2019)
in L. leucocephala-Panicum mdximum with
36,000 leucaenas/ha, this disparity in the data
could be explained, among other factors, by
the quality of the accompanying grass.

In aspects of the quality of the forage
offered, the natural field stands out with
a herbaceous stratum with the maximum
CP concentration almost four percentage
units above the Mombaza average of the
silvopastoral arrangements, in contrast, these
showed the CP content of the tree stratum
superior by about three percentage units
with respect to the natural field. In DIVMS
Mombaza in the silvopastoral arrangement
with 4700 leucaenas/ha, it showed a very
low value, possibly the higher density of the
tree stratum caused a greater contribution
of the stem component compared to the
arrangement with a lower density of leucaenas
(Table 3).

The natural field, despite high levels of
PC in the herbaceous and tree strata, failed
to promote GDP, which could be explained
by the low level of FO in both strata, which
caused a poor total consumption of dry matter
and therefore poor productive performance.
(NRC, 2007). This allows us to point out that
the greater GDP productivity of the sheep
compared to the natural field was based on
the quantity of FO and not necessarily on the
quality of the FO.

The PC and DIVMS of the FO of the tree
layer of the natural field are adequate to
promote livestock production; other authors
agree in pointing out this situation, for
example, Flores-Alberto et al. (2018) recorded
16.4 to 18% CP and Mayren-Mendoza et
al. (2018) no less than 54% in DIVMS in
Guazuma  ulmifolia leaves; Hernandez-
Morales et al. (2018) found no less than 10.9%
PC in Acacia cochliacantha pods; and, Zapata-
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Campos et al. (2020) determined that Acacia
farnesiana leaves contained 17.3 and 47.3%
CP and DIVMS, respectively.

The PC of the Mombasa FO is lower than
the values recorded by Munari et al. (2017)
and Shintate et al. (2019), which allows us to
point out that Mombaza in this study grew on
a soil with poor N availability or that it was
grazed at an advanced stage of maturity. The
PC in the FO of leucaena was similar to what
was found by Zapata-Campos et al. (2020) and
a little higher than that recorded by Bottini-
Luzardo et al. (2016).

In the three types of grazing areas and both
strata (herbaceous and tree) the FO showed
concentrations of Ca, P, K and Mg within or
above, and those of Na below that proposed
by the NRC (1985) therefore, the differences
in the concentrations of these macroelements
in the FO are no longer important in terms of
livestock feeding (Table 4).

The relatively high concentration of Ca in
the FO, Puls (1988) does not consider it to
be at risk of causing any disorder; the NRC
(1985) also considers this concentration to
be risk-free because it does not exceed 2%.
Na is scarce in plant tissue because it is not
an essential element for plants, and in soil it is
easy to leach (Cardonaet al., 2017).

In the three types of grazing areas and
both strata (herbaceous and arboreal), the
FO recorded values of Zn below and Fe above
those suggested for each micromineral by the
NRC (1985). In the case of Cu, the herbaceous
stratum was highlighted. of the natural field
with a concentration within the interval
suggested by this instance, while in none of
the strata of the silvopastoral arrangements it
was present (Table 5).

The high concentrations of Fe in the FO
cannot be considered high risk for the health
status of the sheep as they do not reach the
level of 500 ppm (NRC, 1985).

At the beginning of experimental grazing,

all sheep showed similarity (p>0.05) in
blood serum concentrations of macro and
microminerals (data not shown). Table 6
shows these concentrations at the end of
experimental grazing.

Only the concentration of P in blood
serum showed an effect (p<0.05) of the type
of grazing area, the maximum concentration
was in the sheep from the silvopastoral
arrangement with the highest density of
leucaena, almost 12% higher than the average
for the sheep. that they grazed in the other
two types of areas without difference between
them; However, it is irrelevant since in all
cases the P concentration is well above the
recommended range for this mineral (Table
6).

The high concentration of P in all sheep
could explain the low concentration of Ca in
all of them (Table 6) even when the Ca content
in the herbaceous and shrubby forage oftered
was within the acceptable level (Table 4).
The Ca deficiency in blood serum could be a
consequence of the high P intake (Suttle, 2010).
Puls (1988) and Mc Dowell (1996) emphasize
that the Ca:P ratio in the diet must be 1.5:1.0 to
2.0:1.0 to avoid negative interactions between
these minerals within the animal, the forage
offered in the herbaceous and tree strata of
the three types of areas for grazing showed a
Ca:P ratio lower than that proposed by these
authors. Following up on this situation, it
could be pointed out that offering additional
Ca is an option, or seeking a higher density of
trees that showed forage offered with a Ca:P
ratio closer to what is reccommended. Possibly
all sheep had a hypocalcemia condition as
recommended by NRC (1985).

Mg deficiency was also found in all sheep
regardless of the type of grazing area, as
in Ca, the generalized deficiency could be
explained by an antagonistic relationship, in
this case with K(Evans et al., 1983; Sepulveda
et al., 2011) when the concentration of K in

T —— -



Type of grazing area

Silvopastoral with
Mineral type natural field
of forage and 4700 leucaenas/ha 2383 leucaenas/ha R.O.
layer
Ca FOH 0.41+0.03° 0.40+0.10° 1.24+0.032

Ca FRH 0.18+0.01* 0.28+0.042 0.77+0.292 0.20-0.82
Ca FOA 1.59+0.252 1.61+0.242 1.62+0.332
P FOH 0.81+0.012 0.83+0.012 0.84+0.042
P FRH 0.76+0.052 0.78+0.032 0.74+0.132 0.16-0.38
P FOA 0.81+0.042 0.78+0.022 0.79+0.072
K FOH 1.44 £0.112 1.78 £0.022 1.94+0.412
K FRH 1.69 £0.392 1.92 £0.182 1.63+0.512 0.50-0.80
K FOA 1.12+0.052 1.07£0.192 0.93+0.312
Mg FOH 0.22+0.07° 0.22+0.02° 0.40+0.022
Mg FRH 0.16+0.042 0.19+0.032 0.15+0.052 0.12-0.18
Mg FOA 0.46+0.052 0.40+0.122 0.37+0.042
Na FOH 0.009+0.0022 0.009 +0.001# 0.007+0.0012
Na FRH 0.004+0.0007° 0.006+0.00092 0.005+0.0007 *® 0.09-0.18
Na FOA 0.003+0.00072 0.004+0.0012 0.004+0.00032

sbe-Means in the same row with at least one letter in common are not different (Tukey, a = 0.05). RO =
requirements in % of macrominerals for sheep (NRC, 1985).

Chart4. Halftstandard deviation of concentration (%) ofmacrominerals in forage offered (FO) or rejected
(FR), herbaceous or tree strata, and three types of grazing areas.

Mineral type Type of grazing area
of forage and Silvopastoral with R.O.
layer 4700 leucaenas/ha 2383 leucaenas/ha natural field

Zn FOH 10.10+1.48° 9.95+2.10° 17.22+2.982
Zn FRH 12.71£2.522 12.90£2.272 13.66£3.222 20-33
Zn FOA 5.76+0.272 6.17£0.562 7.88+1.662
Cu FOH 5.01+1.43° 3.94+0.81° 8.52+1.202
Cu FRH 2.54+0.422 2.7240.028 7.05+£2.252 7-11
Cu FOA 4.67+0.982 5.21+£1.082 5.08+1.102
Fe FOH 58.25+2.05" 55.49+12.62° 114.23+15.392
Faith FRH 86.67+23.902 92.17+21.01# 164.20+£51.452 30-50
Faith FOA 133.17+8.582 123.36+36.602 125.72+24.867

abe-Means in the same row with at least one letter in common are not different (Tukey, a = 0.05). RO =
requirements in ppm of microminerals for sheep (NRC, 1985).

Chart5. Halftstandard deviation of concentration (ppm) ofmicrominerals in forage offered (FO) or

rejected (FR), herbaceous or tree strata, and three types of grazing areas




Type of grazing area

Silvopastoral with
Mineral 4700 leucaenas/ha 2383 leucaenas/ha natural field NA
AC 74.8 £3.52 80.7 +4.3* 85.9 +6.62 90-130
Q 121.1 +4.42 109.2 3.7 107.2 +2.6° 40-80
K 137.9 £31.5* 167.5 £36.32 191.7 £31.82 156-214.5
Mg 6.0 £1.42 7.7 £0.52 8.0 £2.22 20-35
na 1471.7 £52.62 1458.0 £161.82 1454.1 £75.8 3220-3611
Zn 0.557 £0.0322 0.546 £0.0752 0.598 £0.0142 0.8-1.2
Cu 0.739 +0.0742 0.802 +0.1342 0.776 +£0.0702 0.7-2.0
Faith 2.9 +£0.32 2.3 +£0.62 2.8 £0.72 1.66-2.22

»be-Means in the same row with at least one literal in common are not different (Tukey, a = 0.05). NA,
adequate interval (Puls, 1988)

Table 6. Average+standard deviation of the concentration (mg L-1) of eight minerals in blood serum of
sheep after completing 60 days of grazing in three types of areas.




the forage offered exceeds 1%, additional Mg
must be offered (Suttle, 2010).Charlton and
Armstrong (1989)mentioned that potassium-
magnesium antagonism is aggravated when
Na concentrations in diet and blood serum
are poor, as is the case in this study. Sheep
fed in any type of grazing area in the Sierra
de Huautla must be offered additional Na and
Mg, which may improve daily weight gain
compared to that recorded in the study.

The concentration of Zn in blood serum
was also below the recommended in all
sheep, unlike Ca and Mg, Zn deficiency can
be directly related to the poor concentration
of this mineral in the forage offered in the
three types of grazing areas. The feeding
of grazing sheep must be complemented
with an additional source of Zn to stimulate
consumption, improve weight gain and semen
quality, and reduce the risk of skin damage
(Gonzalez-Dominguez, 2016).

The sheep in the three types of grazing
areas showed sufficiency of Cu in blood
serum, possibly this is associated with the fact
that in the dry season the sheep are offered
manure (bedding plus broiler chicken feces)
to the sheep’s diet. In the analysis of manure
of different origins, a range of 23 to 161 ppm
has been recorded (Pacheco et al., 2003) and
from 69.6 to 74.2 ppm (Pinto et al., 2019), in
some cases it was recommended to control
the consumption of chicken manure to reduce
the risk of Cu poisoning.

Therefore, the objective of the study was
to analyze characteristics of the forage plant
canopy of the silvopastoral system Leucaena
leucocephala-Megathyrsus ~ maximus  var.
Mombasa and the natural countryside
exploited by grazing in a low deciduous forest
environment.

CONCLUSIONS

In a low deciduous forest environment the
silvopastoral system Leucaena leucocephala-

Megathyrsus maximus var. Mombasa at low
and high densities of L. leucocephala is an
option for improving pastoral livestock by
providing a forage plant canopy superior to
the natural field.; However, in the natural
field there are elements with forage potential,
so a total and radical replacement of the
natural field with a silvopastoral system must
not be considered Leucaena leucocephala-
Megathyrsus maximus var. Mombasa.but
rather a strategy of complementation between
both types of grazing areas.

In both, silvopastoral system and natural
field in a low deciduous forest environment,
the feeding of grazing animals must be
complemented with the minerals Ca, Mg, Na
and Zn to ensure better productive behavior
of said animals.

THANKS

We thank the Autonomous University of
Chapingo for the resources provided to carry
out this research.

T — ) -



REFERENCES

1. Alvarado-Canché, A. del R., Candelaria-Martinez, B., Castillo-Sanchez, L. E., Pifieiro-Vazquez, A. T., & Canul-Solis, J. R.
(2017). Comportamiento productivo y alimenticio de ovinos en pastoreo en sistemas silvopastoriles con Leucaena leucocephala
y Cynodon plectostachyus. Revista Bio Ciencias, 4(6), 1-11.

2. Améndola, L., Solorio, F. J., Ku-Vera, J. C., Améndola-Massiotti, R. D., Zarza, H. & Galindo, F. (2016). Social behaviour of
cattle in tropical silvopastoral and monoculture systems. Animal, 10(5), 863-867.

3. AOAC. (1984). Official methods of analysis of the association of official analytical chemists. (14th ed.). Arlington, Virginia,
USA: AOAC INTERNATIONAL.

4. Avendaio, J. C., Borel, R., & Cubillos, G. (1986). Periodo de descanso y asignacion de forraje en la estructura y utilizacion de
varias especies de una pradera naturalizada. Turrialba, 36(2), 137-148.

5. Azuara-Morales, L., Lopez-Ortiz, S., Jarillo-Rodriguez, J., Pérez-Hernandez, P., & Ortega-Jiménez, E. (2018). Disponibilidad
de forraje en un sistema silvopastoril con distintas densidades de Leucaena leucocephala L., manejado bajo pastoreo regenerativo.
Avances en Investigacion Agropecuaria, 22(1), 53-54.

6. Bacab, P. H. M., & Solorio, S. E J. (2011). Oferta y consumo de forraje y produccion de leche en ganado de doble propdsito
manejado en sistemas silvopastoriles en Tepalcatepec, Michoacén. Tropical and Subtropical Agroecosystems, 13(1), 271-278.

7. Barnes, R. E (1969). Collaborative research with the two stage in vitro rumen fermentation technique. In: Proceedings of
the National Conference of Forage Quality Evaluation and Utilization (pp. 2-20). Lincoln, Nebraska, USA: Nebraska Center for
Continuing Education.

8. Benitez, B. Y., Bernal, H. A., Cortés, D. E.,, Vera, C. G., & Carrillo, A. E (2010). Produccién de forraje de guaje (Leucaena
spp.) asociado con zacate (Brachiaria brizantha) para ovejas en pastoreo. Revista Mexicana de Ciencias Agricolas, 1(3), 397-411.

9. Bottini-Luzardo, M. B., Aguilar-Pérez, C. E, Centurién-Castro, F. G., Solorio-Sanchez E. J., & Ku-Vera, J. C. (2016). Milk yield
and blood urea nitrogen in crossbred cows grazing Leucaena leucocephala in a silvopastoral system in the Mexican tropics.
Tropical Grasslands-Forrajes Tropicales, 4(3), 159-167.

10. Caicedo, R. D. M., Benavides, R. H. R, Carvajal, P. L. A., & Ortega, H. J. P. (2018). Poblacién de macrofauna en sistemas
silvopastoriles dedicados a la produccion lechera: anilisis preliminar. LA GRANJA: Revista de Ciencias de la Vida, 27(1), 77-85.

11. Cardona, W. A., Gutiérrez, D. J. S., Monsalve, C. O. I., & Bonilla, C. C. R. (2017). Efecto de la salinidad sobre el crecimiento
vegetativo de plantas de mora de Castilla (Rubus glaucus Benth.) micorrizadas y sin micorrizar. Revista Colombiana de Ciencias
Horticolas, 11(2), 253-266.

12. Chard, ], Reyes, E,, Peri, P, Otte, J., Arce, E., & Schneider, E (2020). Sistemas silvopastoriles y su contribucion al uso eficiente
de los recursos y a los Objetivos de Desarrollo Sostenible: Evidencia desde América Latina. Cali, Colombia: CIPAV, FAO & Agri
Benchmark.

13. Charlton, J. A., & Armstrong, D. G. (1989). The effect of an intravenous infusion of aldosterone upon magnesium metabolism
in sheep. Quarterly Journal of Experimental Physiology, 74(1), 329-337.

14. Contreras-Santos, J. L., Martinez-Atencia, J., Cadena-Torres, J., & Falla-Guzman, C. K. (2020). Evaluacion del carbono
acumulado en suelo en sistemas silvopastoriles del Caribe colombiano. Agronomia Costarricense, 44(1), 29-41.

15. Diaz, L. M. L, Gamarra, L. C. C,, Ruiz, D. S. & Vera, de O. M. (2020). Contenido de materia orgdnica en suelos de sistemas
silvopastoriles establecidos en el Chaco Central paraguayo. Revista de la Sociedad Cientifica del Paraguay, 25(2), 131-143.

16. Dorado, O., Maldonado, B., Arias, D., Sorani, V., Ramirez, R., Leyva, E., y Valenzuela, D. (2005). Programa de Conservacion
y Manejo Reserva de la Biosfera Sierra de Huautla. Distrito Federal, México: CONANP - SEMARNAT.




17. Echavarria, C. F. G, Serna, P. A., & Bafiuelos, V. R. (2007). Influencia del sistema de pastoreo con pequefios rumiantes en un
agostadero del semidrido Zacatecano: II Cambios en el suelo. Técnica Pecuaria en México, 45(2), 177-194.

18. Echavarria, C. E G, Alvarado, S. M. N, Serna, P, A., Medina, G.G., & Casas, E J. . (2023). Acumulacién y pérdida de suelo
por erosion edlica en el norte de Zacatecas. Terra Latinoamericana, 41, 1-14. https://doi.org/10.28940/terra.v41i0.1649

19. Escobar, M. A., Bartolomé, E. J., & Gonzalez, V. N. (2017). Estudio comparativo macrofauna del suelo en sistema agroforestal,
potrero tradicional y bosque latifoliado en microcuenca del tropico seco, Tomabu, Nicaragua. Revista Cientifica de FAREM-
Esteli. Medio ambiente, tecnologia y desarrollo humano, 6(22), 39-49.

20. Escobar, M. I, Navas, P. A,, Medina, C. A., Corrales, A. J. D, Tenjo, A. I. & Borrés, S. L. M. (2020). Efecto de practicas
agroecologicas sobre caracteristicas del suelo en un sistema de lecheria especializada del trépico alto colombiano. Livestock
Research for Rural Development, 32(4).

21. Evans E., Jebelian, V. & Rycquart, W. C. (1983). Efectos del potasio y del magnesio sobre el rendimiento de los gazapos. The
Journal of Applied Rabbit Research, 6(1), 49-53.

22. Fick, K. R., McDowell, L. R., Miles, P. H., Wilkinson, N. S., Funk, J. D., Conrad, J. H., & Valdivia, R. (1979). Métodos de
andlisis de minerales para tejidos de plantas y animales. Florida, Estados Unidos: Universidad de Florida.

23. Flores-Alberto, R., Pliego-Alonso, E. V., Lara Bueno, A., Lopez-Ordaz, R., Uribe-Goémez, M., & Mendoza-Velazquez, J.
(2018). Composicién nutrimental de la gudcima (Guazuma ulmifolia, Lam.) en cinco regimenes de fertilizacion. Avances en
Investigacién Agropecuaria, 22(1), 61-62.

24. Gallego, L. A., Mahecha, L., & Angulo, A. J. (2017). Calidad Nutricional de Tithonia diversifolia Hemsl. A Gray bajo tres
sistemas de siembra en el trépico alto. Agronomia Mesoamericana, 28(1), 213-222.

25. Gamarra, L. C. C., Diaz, L. M. I, Vera, de O. M., Galeano, M. D. P, & Cabrera, C. A.]. N. (2018). Relacion carbono-nitrégeno
en suelos de sistemas silvopastoriles del Chaco paraguayo. Revista Mexicana de Ciencias Forestales, 9(46), 4-26.

26. Gardner, A. L. (1967). Estudio sobre los métodos agronémicos para la evaluacién de las pasturas. Montevideo, Uruguay: IICA
- Zona Sur.

27. Genro, T. C. M., & Silveira, M. (2018). Uso da altura para ajuste de carga em pastagens. Comunicado técnico 101. Bagé, Brasil:
Embrapa.

28. Gonzélez-Dominguez, M. S. (2016). Patologias dermatoldgicas de origen nutricional en los pequeios animales: una revisién.
Revista CES Medicina Veterinaria y Zootecnia, 11(2), 82-102.

29. Gonzalez-Valdivia, N. A., Martinez-Puc, J. F,, & Echavarria-Gongora, E. J. (2018). Malacofauna en dos sistemas silvopastoriles
en Esteli, Nicaragua. Journal of the Selva Andina Animal Science, 5(1), 3-13.

30. Haydock, K. P, & Shaw, N. H. (1975). The comparative yield method for estimating dry matter yield of pasture. Australian
Journal of Experimental Agriculture and Animal Husbandry, 15, 663-670.

31. Hernandez, H. M., Lépez, O. S, Jarillo, R. J., Ortega, J. E., Pérez, E. S., Diaz, R. P,, & Crosby G. M. M. (2020). Rendimiento
y calidad nutritiva del forraje en un sistema silvopastoril intensivo con Leucaena leucocephala 'y Megathyrsus maximus cv.
Tanzania. Revista Mexicana de Ciencias Pecuarias, 11(1), 53-69.

32. Hernandez-Morales, J., Sinchez-Santillan P., Torres-Salado, N., Herrera-Pérez, J., Rojas-Garcia, A. R., Reyes-Vazquez, I. &
Mendoza-Nuifiez, M. A. (2018). Composicion quimica y degradaciones in vitro de vainas y hojas de leguminosas arboreas del
tropico seco de México. Revista Mexicana de Ciencias Pecuarias, 9(1), 105-120.

33. Hodgson, J. (1979). Nomenclature and definitions in grazing studies. Grass and Forage Science, 34, 11-18.




34. Ibarra, F. E, Martin, R. M., Moreno, M. S., Ibarra, M. E, & Retes, L. R. (2018). Cambios de vegetacion y costos asociados
con el continuo sobrepastoreo del ganado en el pastizal mediano abierto de Cananea, Sonora, México. Revista Mexicana de
Agronegocios, 42(1345-2018-3485), 855-866.

35. Madera S., N. B., Bacab, P. H. M., & Ortiz, de la R. B. (2013). Ganancia diaria de peso en ovinos por inclusién de una planta
leguminosa (Leucaena leucocephala) en dietas basadas en pasto clon Cuba CT-115 (Pennisetum purpureum). Bioagrociencias,
6(1), 26-31.

36. Mayren-Mendoza, F. J., Rojas-Garcia, A. R., Maldonado-Peralta, M. A., Ramirez-Reynoso, O., Herrera-Pérez, J., Torres-
Salado, N., Sdnchez-Santilldn, P, Bottini-Luzardo, M. B., & Herndndez-Garay, A. (2018). Comportamiento productivo de ovinos
Pelibuey en pastoreo suplementados con follaje de Guazuma ulmifolia Lam. Agroproductividad, 11(5), 29-33.

37. McDowell, L. R. (1996). Feeding minerals to cattle on pasture. Animal Feed Science and Technology, 60(3-4), 247-271

38. Medina, R., & Sanchez, A. (2006). Efecto de la suplementacién con follaje de Leucaena leucocephala sobre la ganancia de
peso de ovinos desparasitados y no desparasitados contra estrongilidos digestivos. Zootecnia Tropical, 24(1), 55-68.

39. Miliani, T, Espinoza, E, Gil, J. L., Baldizan, A., & Diaz, Y. (2008). Oferta de forraje en un sistema silvopastoril en la region
noreste del estado Guarico, Venezuela. Zootecnia Tropical, 26(3), 297-299.

40. Minson, D. J. (1971). The nutritive value of tropical pastures. Journal of the Australian Institute of Agricultural Science, 37(1),
255-263.

41. Munari, E. C,, Pietroski, M., de Mello, P. R,, Silva, C. C. N., & Caione, G. (2017). Effect of nitrogen fertilization on productivity
and quality of Mombasa forage (Megathyrsus maximum cv. Mombasa). Acta Agrondmica, 66(1), 42-48.

42. National Research Council (NRC). (1985). Nutrient Requirements of Sheep. National Washington D.C., USA: Academy Press.

43. National Research Council (NRC). (2007). Nutrient requirements of small ruminants: sheep, goats, cervids, and new world
camelids.Washington, USA: The National Academies Press.

44. Oliva, M., Valqui, L., Meléndez J., Milla, M., Leiva, S., Collazos, R., & Maicelo, J. L. (2018). Influencia de especies arbdreas
nativas en sistemas silvopastoriles sobre el rendimiento y valor nutricional de Lolium multiflorum y Trifolium repens. Scientia
Agropecuaria, 9(4), 579-583.

45. Pachas, A. N. A. (2017). A study of water use of leucaena. Doctoral thesis. University of Queensland. Queensland, Australia.
155 p.

46. Pacheco, A. J. A, Rosciano, G. J. L., Villegas, C. W. A., Alcocer, V. V. M., & Castellanos, R. A. E. (2003). Cuantificacion del
contenido de cobre y otros minerales en pollinazas producidas en el estado de Yucatan. Técnica Pecuaria en México, 41(2), 197-
207.

47. Pinto, R. R,, Ramirez, D. R., Guevara, H. E, Raj, A. D., Venegas, V. J. A, Miranda, R. L. A., & Chacon, C. A. (2019). Andlisis
bromatoldgico y fermentacién ruminal in vitro de excretas de origen animal para uso en la alimentacién de rumiantes. Tropical
and Subtropical Agroecosystems, 22 (2019), 107-113

48. Puls, R. (1988). Mineral Levels in Animal Health: Diagnostic Data. British Columbia, Canada: Sherpa International.

49. Reid, R. S., Fernandez-Giménez, M. E., & Galvin, K. A. (2014). Dynamics and resilience of rangelands and pastoral peoples
around the globe. Annual Review of Enviroment and Resource, 39, 217-242.

50. Rivera-Herrera, J. E., Molina-Botero, I., Chard-Orozco, J., Murgueitio-Restrepo, E., & Barahona-Rosales, R. (2017). Sistemas
silvopastoriles intensivos con Leucaena leucocephala (Lam.) de Wit: alternativa productiva en el tropico ante el cambio climatico.
Pastos y Forrajes, 40(3), 171-183.

51. SAS. 2014. SAS user’s guide V 9.4. SAS Institute Inc. North Carolina, USA: SAS Campus Drive.




52. Sepulveda, P.,, Witter, E, Bohmwald, H., Pulido, R. G., & Noro, M. (2011). pH ruminal y balance 4cido metaboélico de Mg en
vacas lecheras en pastoreo suplementadas con 6xido de magnesio. Archivos de Medicina Veterinaria, 43(1), 241-250.

53. Shintate, G. E, Buzetti, S., Teixeira, E. M. C. M., & Dupas, E. (2019). Rates and sources of nitrogen fertilizer application on
yield and quality of Panicum maximum cv. Mombasa. IDESIA (Chile), 37(2), 67-73.

54. Stuth, J. K., Kirby, D. R. & and Chmielewsky, R. E. (1981). Effect of herbage allowance on the efficiency of defoliation by the
grazing animal. Grass and forage science, 36(1), 9-15.

55. Suttle, N. F. (2010). Mineral Nutrition of Livestock. (4th ed.). Oxfordshire, United Kingdom: CABI.

56. Tilley, J. M. A., & Terry, R. A. (1963). A two-stage technique for the in vitro digestion of forage crops. Journal of the British
Grassland Society, 18(2), 105-111.

57. Vésquez, H. V., Valqui, L., Alegre, J. C., Gémez, C., & Maicelo, J. L. (2020). Andlisis de cuatro sistemas silvopastoriles en
Peru: Caracterizacion fisica y nutricional de pasturas, composicion floristica, reserva de carbono y CO2. Scientia Agropecuaria,
11(2), 167-176.

58. Villanueva-Partida, C. R., Diaz-Echeverria, V. E, Chay-Canul, A. J., Ramirez-Avilés, L., Casanova-Lugo, E, & Oros-Ortega,
1. (2019). Comportamiento productivo e ingestivo de ovinos en crecimiento en sistemas silvopastoriles y de engorda en
confinamiento. Revista Mexicana de Ciencias Pecuarias, 10(4), 870-884.

59. Zapata-Campos, C. C., Garcia-Martinez, J. E., Salinas-Chavira, J., Ascacio-Valdés, J. A, Medina-Morales, M. A., & Mellado,
M. (2020). Chemical composition and nutritional value of leaves and pods of Leucaena leucocephala, Prosopis laevigata and
Acacia farnesiana in a xerophilous shrubland. Emirates Journal of Food and Agriculture, 32(10), 723-730.




