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Abstract: Often livestock activity is related to deforestation and loss of natural resources such as soil and water quality and
quantity. The strategies that come from this perception seek the minimization of livestock effect of greenhouse gas emissions
into the environment. Silvopastoral systems is been used as an alternative to increase tree cover on livestock farms, mitigate
the effects of climate change, and make farmers more resilient to these. Tree cover plays an important role inside of this
system, they can help with the optimization of the land use on the farm and it provides socioeconomical and environmental
benefits to the farmers. Therefore, the objective of this study was to characterize livestock farms and the floristic composition
of tree cover in the southeast region of Guatemala. This region belongs to the dry corridor of Central America and present high
vulnerability to drought. Thirty farms were selected using seven criteria, on each farms a socioeconomical survey was applied
to recollect biophysical, socioeconomical and productive information. Two groups of farms were identified: 1) farms with high
level technological innovation (HLTI) and 2) farms with low level of technological innovation (LLTI). Tree data were obtained
from individuals with diameter above breast height (DBH) of >5 cm. Composition, richness and abundance of tree species
were evaluated using Q-Hill Diversity Index. Seven land uses were identified: scattered trees in paddocks, natural forest,
agrisilvicultural systems, fodder banks, forest plantations, riparian forest and living fences. Study area were 790 ha in which
there were 143 plots distributed randomly, living fences were present in 1.691 km (169.1 ha) with 44 transects. A total of 4,678
trees, from 37 families and 83 species, were found in the area. The most abundant families were Fabaceae and Pinaceae. The
most common tree species for timber were Pinus spp and Quercus spp and for non-timber were Gliricidia sepium and Acacia
pennatula. It was found that 77.27% of the total inventory is dominated by ten species. We conclude that farmers consider tree
cover of importance, this is reflected in the 29% of tree cover found inside of natural forests, 26.2% in scattered trees in
paddocks and 7.9% in forest plantations. There were marked differences of richness by individuals, density of species
accumulated by land use and diametrical class.

Keywords: Dry Region, Floristic Composition, Livestock Farm Typologies, Richness and Abundance of Species,
Silvopastoral Systems

1. Introduction

The expansion of livestock systems is becoming  of this productive activity, and in turn increases the pressure
increasingly visible in the countries of Central America, on natural resources and the livelihoods of small farmers.
where certain part of forests are being lost each year because ~ Deforestation and forest degradation are among the world
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most pressing land-change problems [1]. In 1990, the world
had 4,128 million ha of forest, and by 2015, this area had
decreased to 3,999 million ha. It is estimated that Guatemala
forest cover in 2006 was 3.87 million ha and that for 2010
was 3.72 million ha, of which 1.94 million ha were in
protected areas and 1.77 million ha were outside protected
areas [2]. In relative terms the loss of forest has occurred in
broadleaved, followed by mixed, coniferous and mangrove
forest [3].

Feed crops are growing in one-third of total cropland,
while the total land area occupied by pasture is equivalent to
26% of the ice-free terrestrial surface [4]. In Central America
there is a total area of 49 million hectares for agricultural and
livestock use, of which 10 million are in pastures;
approximately 20% of the soil in the region is devoted to
activities related to livestock [5].

Livestock production continues to be dominated by
conventional production systems, which are associated with
low incomes for families, degradation of biodiversity and
ecosystem services, increased vulnerability to climate
change, and increased greenhouse gas emissions. The
transformation of conventional livestock production into
sustainable livestock production systems (this includes
rational management of pastures food and nutrition, genetics
and animal health, water management and integrated manure
management), based on silvopastoral systems (SPS) and
good livestock practices (GLP), contribute to improving
livelihoods of families that base their economy in livestock

2. Material and Methods
2.1. Study Site

activities [6]. Those families that practice SPS also improve
the resilience of farms to climate change and the
conservation of biodiversity [7]. Sustainable livestock system
can contribute to the achievement of the Sustainable
Development Goals (SDG) [8].

It has been demonstrated that livestock farms in the
tropical regions managed under ecological principles, can
contribute to the biodiversity because they can host a great
diversity of tree species, whether they are natural
regeneration, remnants of forest or plantation of species with
timber potential [9]. Some of the main reasons why farmers
remain motivated to conserve or plant trees on the farm id
because of the provision of goods like firewood, timber,
forage, shade, and food, and perhaps for their environmental
services such as soil formation, conservation of water
resources, connectivity, or carbon supply [10, 11, 12].

Knowledge of tree cover, species composition, and level of
technological innovation in the different farms studied could
help in the development of the sustainable livestock
production systems within the framework of the national
sustainable livestock strategy. In this research, we
characterize livestock farms and the floristic composition of
tree cover in the southeast region of Guatemala. Results are
available to scientists, farmers, private and government
institutions that oversee decision making to reduce
vulnerability (drought and desertification) and increase the
environmental and economic benefits of livestock activity.
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Figure 1. Study area in the southeast region of Guatemala.
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The study was developed in three departments from the
southeast region of Guatemala (Figure 1): Jalapa located at
latitude 14°38'02" and longitude 89°58'52" with a territorial
extension of 2,063 km?, Jutiapa located at latitude 14°16'58"
and longitude 89°53'33" with a territorial extension of 3,219
kmz, and Santa Rosa located at latitude 14°16'42"and
longitude 90°18'00” with a territorial extension of 2,295
Km’. It covers the basin of the Lagoon of Ayarza (3,112.5 ha)
and the upper and middle parts of the Ostiia River basin
(30,729 ha and 52,239 ha, respectively). This region
presented altitude ranges from 463 to 2039 meter above sea
level (from now m.as.l). The variable of precipitation
presented ranges from 822 to 1631 millimeters (from now on
mm) annual rainfall, temperature ranges go from 17.1 to
25.4°C (Celsius). This region includes two of the
departments with the highest threat of desertification in the
country (Jalapa and Jutiapa) and a greater susceptibility to
drought. Loss of forest cover is mainly due to the advance of
the agricultural frontier, livestock activity, deforestation of
forests for firewood and wood extraction, forest fires, and to
a lesser extent, the demand for land for urbanization and
housing construction in the rural area [13].

2.2. Farm Selection

There were a selection of 60 farms based on the following
general criteria: 1) the main economic activity is cattle
raising, 2) the family owns the farm, 3) farmer willingness to
cooperate in the study, 4) the farm represents one of the
typologies of environmental livestock present in the area, 5)
there is forest cover, scattered trees or other tree presence on
the farm, 6) the property is not on sale and the family has
long-term plans for the livestock activity, and 7) there are
good animal husbandry practices such as genetic
improvement, improved nutrition and animal welfare. Those
farms selected were part of the data base of the project
“Sistemas de produccién ganaderos climaticamente
inteligentes basados en sistemas silvopastoriles en 15
municipios del suroriente de Guatemala” executed in the
years 2016-2018. Out of the sample of 60 farms, there was a
second selection of 30 farms based on 16 criteria’s that
involves the level of technological innovation. A score was
given for each criterion these were the base to identify which
farms were in high level of technological innovation and
which ones were in low level of technological innovation. A
semi structured interview was applied to the 30 farms to
obtain the biophysical, socioeconomical and productive
information of each farm.

2.3. Tree Inventory in the Different Land Use

Tree cover information was collected from trees scattered
in paddocks, living fences, forest plantations, among others,
following the protocol [14]. In each farm, in conjunction with
the owner and using a map of Google Earth, a review and
delimitation of the perimeters of the farm, the land use, and
length of living fences were estimated. Each farm’s

localization was registered with the Global Positioning
System (GPS) also the coordinates of the different
measurement plots. All trees with a Diameter at Breast
Height (DBH) greater than 5 cm were recorded.

The uses of land and living fences were verified and
evaluated if they were homogeneous or heterogeneous (by
topography, species, density of cover and management). The
size of the plot to sample the tree cover was 1000 m* (0.1
ha). For land uses "trees scattered in paddocks" and "forests"
these plots were established in a circular manner using a
radius of 18 m. In forest plantations, rectangular plots were
used 20 x 50 m. The plots were distributed randomly. In
living fences, the segment for sampling was 25 m with one
meter on each side of the fence, and the location was at the
midpoint of the live fence. The intensity of sampling varied
between 1-5% depending on the size of the stratum (Table 2).
The criterion defined was that in greater area used, the lower
the sampling intensity [14].

Table 1. Level of sampling intensity by stratum size in land use of 30
livestock farms located in the southeast region of Guatemala.

Stratum area in land use (ha) Intensity of sampling (%)

<10 5
10-20 4
21-50 3
>50 1

In each one of the tree plots, the information collected was
common and scientific name of the tree, the DBH was
measured at 1.30 m using a diametric tape and expressed in
centimeters. When several axes were presented, each stem
was measured independently, and the Mean Square Diameter
was calculated per individual [15]. following the formula:

MSD = VEDBH / n’ (1)

Were:

MSD: Mean Square Diameter

YDBH: addition of Diameter at Breast Hight divided into
the number of axes

n” number of axes elevated to two

Total hight and commercial height were measured whit the
use of a Clinometer Suunto. Crown cover, defined as the
paddock our other land use percentage that was directly
under crowns of individuals trees, these was measured from
the reading of two perpendicular measurements covering the
longest axes of the crown using a measuring tape of 50 m.
Sanitary state of the tree were evaluated by observation
(healthy, sick, dead).

Information was collected with the help of Open Data Kitt
(Is a set of tools that allow to collect data through mobile
devices and send data to an online server even if there is no
internet connection or access to a mobile network at the time
of data collection) using a smart phone, this tool is important
because it helps decrease the error in annotation it also permit
the restriction of data that does not coincide with the
information of the area where the study is carried out.

Data of the total head of cattle and category of each one
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was collected through the socioeconomical survey. This
helps calculate the total animal unit and stocking rate in each
department of the study using the following formula [16],
[17].

2.4. Calculating the Percentage of Tree Cover

Tree crown cover was estimated in each one of the
different land uses. The area (m’) of the tree cover was
obtained by measuring the perpendicular diameters of the
area occupied by the tree canopy presented in each plot. The
calculation of the tree canopy was done using the following
formula:

AC: (m*R'*R%)/4 )

Were:

AC: Area of crown

R': Radius of crown axis 1

R’: Radius of crown axis 2

II: 3,1416

In order to obtain the percentage of tree crown cover for
each land use, there was a summation of all AC and after a
division between the area of the plot and multiplied by 100,
this result was used to calculate the average percentage of
tree cover according to the number of plots by land use. This
coverage was estimated for all timber and non-timber species
following the formula:

CC%=(XAC/Ap)*100 3)

Were:
CC: Crown cover (in percentage)
> AC: Summation of crown area (m?) of all tree species

Ap: Area of the plot were sample was taken (m?)
100= Conversion factor in %

2.5. Data Analysis

Infostat (software that covers all the basic needs for
descriptive statistical analysis and the production of graphics
for the exploratory analysis) [18] was used to make
conglomerate analysis (dendrogram of the typologies of
livestock farms), bar graphics of tree cover percentage and
classification of diametrical class of all tree. Q-eco (statistical
software for analysis of ecological data) was used applying
community- diversity- diversity index. Also, community-
ordinations-unconstrained—nonmetric multidimensional
scaling of all tree species [19]. This allowed the calculation of:

Rényi Hi =1n (N q ), where Nq corresponds to the values
of the series of Hill numbers, in a profile of the series of Hill
numbers, this expresses that one site is more diverse with
respect to another site if the diversity profile is maintained
above in parallel. Hill series of numbers measures the
effective number of species in a sample, when each species is
weighted by its relative abundance.

3. Results

3.1. Livestock Farms and Its Typologies in the Region

Farmers in this region owned his farm for a long time. These
lands usually are inherited, and it makes the distribution of the
farms by size very heterogeneous. The production unit is
usually composed of a single farm, but it is common to find
fractionation of the production unit in different localities at
different gradients in the agricultural landscape.

Ward
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Figure 2. Dendrogram of classification according to technological level of innovation of 30 livestock farms located in the southeast region of Guatemala.

Workforce is mainly family members; however, in many

of the cases there are permanent employees who work on the
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farm. Out of the thirty-survey conducted, 97% of farmers
were male and 3% female. Livestock farms in the southeast
region presented family size of 5 + 1.68 individuals, farmer’s
age presented an average of 47 + 12 yrs, and academic level
had an average of 9 + 5.55 yrs among all farmers in the three
departments. Farm size presented an average of 26.33 +22.4
ha, with stocking rate of 3.39 + 3.35 AU/ha. In addition to the
livestock component, farms have agricultural activities,
forestry, and agroforestry systems. The proportion of land use
reflects the tradition of livestock as an economic activity in
this region for many years.

In the southeast region of Guatemala, there were identified
two typologies of farms (Figure 2): those with high level of
technological innovation (HLTI) and farms with low level of
technological innovation (LLTT). Farms with HLTI had total
land average of 26.93 + 20.91 ha; the area dedicated to
livestock activity had an average of 14.96 + 11.03 ha. This
group presented stoking rate of 6.09 + 4.81 AU/ha. Herd’s
size had an average of 56.80 = 32.70 animal unit, with
average of milk production of 5125.2 I/ha/yr. Age of farmers
presented an average of 45 yrs, and the average of education
level were 10.6 yrs. It was found that farms in this group
presented 14 % of natural forest.

These are known for the implementation of silvopastoral
systems and sustainable practices and livestock activity is
based on specialized dairy system in 66.6% and double
purpose in 33.3%.

Farms with LLTT had a total land average of 25.74 & 24.56
ha, in average land dedicated to livestock activity was 19.68
+ 20.59 ha, and they presented stocking rate of 4.41 + 3.93
AU/ha. Herd’s size had an average of 60.5 + 72.04 animal
unit, with average of milk production of 2071.1 I/ha/yr. Age
of farmers presented an average of 49 yrs; the average of
education level were 7.77 yrs. Farms in this group presented
9.6 % of natural forest.

These farms are known for the low implementation of
silvopastoral system and sustainable practices on the farm;
livestock activity is based on double purpose in 60%,
specialized dairy are present in 33.3% and cattle fattening in
6.6%.

3.2. Floristic Composition, Richness and Structure of Tree
Cover

Before getting in context is important to manage the
following definition:

Agrosilvicultural systems (ASS): They are a combination
of crops and trees, such as alley cropping or home-gardens.

Fodder banks (FB): It is an enclosed area of concentrated
forage legumes reserved for dry season supplementary
grazing.

Forest plantation (FP): It is a project that is established
with the main objective of producing sawmill wood or raw
material to supply the forestry industry.

Living fences (LF): They are trees that are mainly related
to the delimitation of farms and pastures; it may be made up
of only woody species only or a combination of woody
species with dead poles.

Natural forest (F): It is the ecosystem where trees are the
dominant and permanent plant species, they are originated by
natural regeneration without influence of human beings.

Riparian forest (RF): It refers to the arboreal and shrub
vegetation located in the margins of rivers, streams, and other
bodies of water.

Scattered trees in paddocks (STP): These are trees that can
be originated from natural regeneration or by plantations; the
presence of trees depends on the availability of seed sources
in or near pastures where regeneration is controlled by
environmental factors, (water, light, and nutrients), type, and
mobility of dispersing agents.
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Figure 3. Tree distribution in relation whit elevation, temperature and precipitation of 30 livestock farms located in the southeast region of Guatemala.
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There are two remarked gradients of tree distribution based
on elevation, temperature, and precipitation (pp) (Figure 2).
Trees in high elevation are related to high pp and low
temperature; and trees in low elevation are related to low pp
and high temperature. This figure explains 63% of the
floristic composition inside the livestock farms systems
studied in the southeast region of Guatemala. In areas with
high elevation, the land use with more density of trees was F,
followed by STP, LF, and FP. In areas with low altitude, STP
dominates much of the land use, followed by LF, F, ASS, FB,
RF, and FP.

In the study area there was a total of 4,678 trees (dhb > 5
cm), from thirty-seven families and eighty-three species in an
area of 790 ha out of which 169.1 ha presented LF. When
analyzing the phytosanitary state of trees, it was found that
98% were in a healthy condition, 1.2% were identified as
sick (fungus disease), and 0.8% were dead. This reflects that
livestock landscape plays an important role in the
conservation of tree diversity. The most abundant class of
timber present in the study area was Pinus spp and Quercus
spp, the most abundant non-timber species found was
Gliricidia sepium and Acacia pennatula.

When the composition and abundance of species and
individuals by land use were compared, it was found that
ASS presented a total of sixty-two individuals that belong to
seven species and six family, out of which the three most
abundant conforms 90.2%. Gliricidia sepium was the most

129

Species
i

abundant specie. FB presented a total of thirty-six individuals
that belong to six species and two families, the three most
abundant conforms 91.5%. Acacia pennatula was the most
abundant specie.

FP presented a total of 413 individuals that belong to seven
species and six families, out of which the three most
abundant conforms 96.8%. Pinus spp held the highest percent
in this group because of farmers preference (quality wood
and resin) and the adaptability of adaptation of this species in
the region. LF presented a total of 635 individuals in a total
area of 1.691 km, these individuals belong to forty-six
species and twenty-two families, out of which the three most
abundant conforms 43.5%. Tabernaemontana donnell-smithii
was the species that presented the largest number of
individuals with 19.4%.

STP presented a total of 1,537 individuals that belong to
fifty-one species and twenty-four families, out of which the
three most abundant conforms the 52.7%. Gliricidia sepium
was the species that represent the largest number of
individuals with 22.3%. RF presented a total of sixty-six
individuals that belong to nine species and six families, out
of which the three most abundant conforms 80.1% Inga
edulis was the most abundant species. F presented a total of
1,929 individuals that belong to fifty species and thirty
families, out of which the three most abundant conforms
70.4%. Quercus spp. was the most abundant species in this
land use.
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Figure 4. Tree species distribution in the southeast region of Guatemala using Index of Rényi (Q-Hill).
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Table 2. Three most common tree species found in each land use in the thirty livestock farms evaluated in the southeast region of Guatemala in descending

order of abundance.

Species Abundance (%) Species Abundance (%) Species Abundance (%)
ASS FB FP

Gliricidia sepium 61.2 Acacia pennatula 61 Pinus spp 89.5
Inga jinicuil 16.1 Crescentia alata 19.4 Pachira aquatica 4.6
Yucca gigantea 12.9 Gliricidia sepium 11.1 Eucalyptus spp. 2.7
n. Ind 62 36 413
LF STP RF

Tabernaemontana donnell-smithii 19.4 Gliricidia sepium 223 Inga edulis 37.8
Jatropha curcas 15.9 Acacia pennatula 16.9 Acacia pennatula 22.7
Bursera simaruba 8.18 Pinus spp 13.5 Caesalpinia velutina 19.6
n. Ind 635 1537 66

E

Quercus spp. 43.2

Pinus spp 233

Tabernaemontana donnell-smithii 39

n. Ind 1929

According to Q-Hill (Figure 4) there are few species with
high abundance and a significant group of species are only
represented by few individuals. The ten most abundant
species found in the study constitutes 77.27% (3,215
individuals). Trees inside of F, STP, and LF have a high
number of species and individuals inside the plant’s
community. Land use with RF, ASS, FB, and FP apparently
have an equitable distribution of tree species and few
individuals through the land use. There were marked
differences of richness by individuals and density of species
accumulated by land use.

It was found that species inside of ASS presented low
diameter class and few individuals (Figure 5.a and 5.b); it can
be due to the selection made by the farmer and the purpose of
these in the system. FB presented a high number of species
and individuals in diametrical class 10 and 20 cm. In FP there
is a significant group of individuals with diameter between
10 and 20 cm and few species were found in the diametrical
class from 30 and 40 cm.

441

# Species

LF presented a high number of species and individuals in
diameter class between 5 and 10 cm. In this land use there
were few species recorded with diameter greater than >50
cm. STP presented a great number of species with diameter
between 10 and 20 cm, and a high number of individuals in
diameter class 5 and 10 cm. Trees in this land use presented
approximately thirteen species and 100 individuals in the
diameter class 30 and 40 cm. There were also species with
few individuals above >50 cm diameter class.

RF presented approximately seven species between
diametrical class from 5 and 10 cm; however, there was a
very low number of individuals in comparison with the rest
of land use in the different sites where the study was carried
out. F was the land use with the greatest number of species
with diameter class between 5 and 10 cm. It also presented
the highest number of individuals between the diameter class
10 and 20 cm. Data presented in this study is the
accumulation of species and individuals founded in each land
use.

|
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Figure 5. Diametrical class for 30 livestock farms located in the southeast region of Guatemala.

a) Number of species in each land use and diametrical class.
b) Number of individuals in each land use and diametrical class.

3.3. Percentage of Tree Cover Inside the Different Land cover in STP. In both level of technological innovation ASS,
Use FB and RF had low percentage of tree cover inside the
. system (Figure 6). It is important to highlight that farms with
Farms with HLTI presented an average of 31.2% of tree  gypy presented a higher percentage of tree cover within their
cover in F and 23.4% of tree cover in STP. Farms with LLTT | actock system, compared with does that had LLTI.
presented inside of F 26.8% of tree cover and 28.9% of tree
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Figure 6. Percentage of tree cover by level of technological innovation in the different land use.
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4. Discussion

Study showed that farms in the region follows the national
patterns in size and stocking rate. I was also found that farmers
with low level of education has higher probability to belong to
the group with low level of technological innovation;
meanwhile farmer with more yrs of education tend to belong to
the group with high innovation, and had better access to
training. Farmers with large areas tend to adopt more
innovation than those with small areas, these can be probably
because producers with big farms has more capacity of
investment and they work with economies of scale [20].

Famers in the study area are capable of identifying tree
species present on their farms also the ecological an
economical value of these. Farmers in this region managed
species like Gliricidia sepium because of the provision of
shade and organic matter, provided by the leaf to the soil
which benefits coffee plants, it also provide forage and
timber products (post and firewood mainly). In a recent study
in Costa Rica it was found that the level of water infiltration
in a coffee agroforestry system was greater than in a coffee
monoculture [21]. Tree roots swell, shrink, die and
decompose, all of which promote macropore formation and
trees also add organic matter to the soil via pruning and
deposition of residues in the soil, and root turnover [22]. This
coincide with the statement of farmers that manages
agroforestry systems in the southeast region of Guatemala.
Farmers use Acacia pennatula that is characterized by its
open branches that not only allow the penetration of sunlight
and present low competition for the main crop, but also give
fruits that are used for cattle feeding during the dry season.
This is considered a multifunctional specie because it also
gives firewood and dead post for fences. Tree shade reduces
light penetration to understory crops, limiting their rate of
photosynthesis [23]. While crop yield penalties are expected
because of tree - crop competition for resources, farmers still
maintain trees on their farms. On-farm trees are also
maintained for their social and cultural values [24].
Nevertheless, in agroforestry systems applying good
practices such as the reduction of tree density and good
arrangement trough pruning can help improve the positive
interaction between crops/grasses and trees. In the study area
there were few farmers with forest plantation although they
are economic incentive by PINPEP (Forest Incentives
Program for Small Farm owners with Forest or Agroforestry
Land) and PROBOSQUE (another Incentives Program of the
National Forest Policy), that give economic incentives, to the
owner of forest land, for carrying out reforestation or natural
forest management projects [25]. Both programs are working
towards the mitigation of climate change and conservation of
biodiversity in the region. In a research carried out in
Guatemala it was found that annually, the number of
PINFOR (now PROBOSQUE) users increases, instrument
with which the population had benefited socially Guatemalan
rural area, where the State has invested Q918 million
(equivalent to US § 122.4 million), which has generated
203,783 jobs and benefited 2.6 million people [26], [27].

Farm forestry could potentially provide: carbon credits, based
on carbon sequestered by plantations; salinity credits, based
on the positive impact of plantations on dryland and
irrigation salinity; water filtration credits, based on farm
forestry reducing salt, excess nutrients and turbidity in our
waterways; and biodiversity credits, where farm forestry
activities maintain and restore a region’s natural flora and
fauna [28]. Farmers can increase their potential of livestock
farms (sustainable intensification of cattle farms) by inserting
some areas with forest plantations and releasing areas not
suitable for agricultural production, to give way to the natural
regeneration of secondary [29]. There were species like
Tabernaemontana donnell-smithii that were presented in live
fences demonstrating that this areas on the farms can be used
for the establishment of trees that have high commercial
value and can adapt easily to the climate condition also
present rapid growth inside of their live fence. The
productive role of this live fences on the farms were to divide
pastures and serves as barrier to animal movement. Similar
results were found where live fences was used as a source of
fodder, firewood, timber and fruit [30]. Farmers in the
southeast region of Guatemala retain some species of tree in
their paddocks because of their value in the provision of
shade, fruits or foliage that can be eaten by the cattle, or
because these are important firewood or timber species that
family can make use of. Tree are retained because of their
value as shade, fodder, timber, firewood and post for division
inside of the farms [31], [32]. Species like Inga edulis are
retained by the farmers due to the role they play in maintain
the water springs, that is used for the different activities on
the farm specially for the livestock production. Riparian
forests prevent freshwater pollution and they represent one of
the most valuable management tools for preventing excess
nutrient loss from land to water [33]. Farmer with natural
forest sustain that they receive benefits such as wood, poles,
firewood and shade for the cattle during days with high
temperature. In a research it was also found that farmers
manage the tree cover to provide shade, forage to livestock,
and obtain products such as fruits, timber, firewood and poles
[34]. Just 6% of farmers received economic compensation by
PINFOR for maintaining the forest land and few express the
benefits of F for the biodiversity in their productive system.
In the seven different land use studied, it is clearly
demonstrated that tree cover inside livestock production
systems are important because of the positive relation of
these with the provision of goods to the family and the
capacity of carbon sequestration, generated by the activity. It
also gives a high value to the property and make farmers
more resilient to the effects of climate change because of the
provision of wood and non-wood products, that they receive
throughout the year. Many agricultural landscapes, despite
being highly fragmented and deforested, still retain abundant
on-farm tree cover in the form of small forest patches, living
fences, forest fallows and isolated trees [35]. In a research is
was found that forest patches, isolated trees, and windbreaks
are important for conserving both local and regional
biodiversity because they provide important food sources,
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nesting sites, and habitats for a variety of animal species
(particularly birds) and may serve as stepping stones or
corridors that facilitate animal movement across the
agricultural landscape. They also help conserve plant
diversity, trees themselves often represent forest species that
would otherwise be absent from the landscape and because
trees serves as host for numerous epiphytic plants [36].
Diversity and greater structure of the arboreal coverage from
the wooded paddocks and forest, gathers a series of
functional traits with potential for the development of
sustainable livestock production system with positive effects
at both farm and landscape levels. At the productive and
socioeconomic level, trees in pastures and live fences can
diversify and increase the economic income of the families
through products such as wood, poles, firewood, seeds,
forage, fruits and other goods and services with potential to
be commercialized or used on the farm [37]. Its suggested
that living fences offer an opportunity to increase habitat
availability and maintain some degree of landscape
connectivity in agricultural landscapes [38]. The existent
patterns of on-farm tree cover reflect farmer decisions to
plant, retain or remove trees on their farms according to their
productive interest at the moment. In a study it was
demonstrated that large tree seedling damage can be caused
by cattle trampling, defoliation, and damage of young trees
occurred in paddocks managed in a very intensively manner
(high stoking rates and heavy grazing regimens) than those
paddocks less intensively managed [39]. In a research it was
found that a small number of individuals in the lowest DBH
category (10 to 20 cm) indicated a low rate of natural
regeneration, which may be associate with grass species
sown and paddocks management practice, particularly weed
control [40]. Making a synthetic analysis it is evident that the
majority of species and individuals are found in low diameter
class, which represents a high tendency of some species to
become extinct in the region because of the absence of seed
and seedling for the natural regeneration and the
establishment of a forest plantation. These can be species of
high commercial value or species with an important value for
biodiversity inside of the dry corridor region. It is important
to promote silvicultural management inside of the different
land use. This can help decrease the pressure on tree
coverage in each farm, contributing to the selection and
retention of mother trees as a source to obtain seed and
seedling with desirable characteristics.

To improve the composition and structure of tree cover in
Guatemala, regarding legislative matters, the forest law of
1996 is still in place and it provides framework in legal
matters for Sustainable Forest Management (SFM). The law
established that 80% of the yearly amount of PINFOR shall
be allocated to plantations and the remaining funds could be
destined for the managing of natural forest. The incentives
are a cash payment that the government grants to the owner
of forest, in order to enforce reforestation projects or
managing of natural forest [41]. PROBOSQUE law
established in article 2-2015 and it pursues five objectives, of
which two are highlighted in this research: 1) Increase forest

productivity through the establishment of forest plantations
for industrial and energy purposes and the productive
management of natural forests, decreasing the pressure on
natural forests and other associated resources 2) promote
forest diversification in land suitable for agriculture and
livestock and the restoration of degraded forest lands,
through agroforestry systems, forest plantations and other
modalities that contribute to the provision of wood in rural
areas and the recovery of the productive and protective base
of degraded forest [42]. Establishment of pilot farms in the
region, capacitation to technicians and farm owner are key
points in the contribution to conserve and increase forest
cover inside livestock system. These successful experiences
demonstrate that it is possible to combine trees and animals
in the same space and at the same time, creating a positive
interaction while mitigating the effects of greenhouse gas
emission into the environment.

The study showed that farms with HLTI presented a higher
percentage of tree cover within their livestock system, this
may due in part that these farms had less extension of land
but devote more areas to keep trees (natural forest and forest
plantation) for different reason and they manage specialized
dairy system. Farms with LLTI had more extension of land
but devote their activities to cattle production in dual purpose
system which are still being practiced in a traditional manner
(low number our absence of trees in paddocks). In active
paddocks with Brachiaria brizantha in Esparza, Costa Rica it
was found that the average of tree cover in dual purpose
system varies between 16.4 + 1.8 and in meat production
system it varies between 17.8 = 2.1% [43]. In specialized
milk system in Rivas, Nicaragua paddocks with high
coverage presented an average of 24%, in intermediate
coverage an average of 8% and in low coverage an average
of 4% [44]. Also, in Rivas, Nicaragua, it was found that
shade of the trees reduces the caloric stress of the cattle,
which is transformed in higher milk production between 1
and 3 Its/cow/day [45]. The design of a silvopastoral system
should integrate deciduous and evergreen trees, since the
cows use different groups throughout the year. In rainy
season the protective effect of the deciduous and evergreen
trees is the same, but despite this the cows prefer the
deciduous trees [44]. It is important to consider diversity of
trees to ensure shade throughout the year because some have
leaves all over the year and others in certain months of the
year, this diversity of trees also means to have a
multifunctional silvopastoral system.

5. Conclusion

Tree cover is becoming very important for livestock farms
in the southeast region of Guatemala, farmers conserve a
significant number of tree species for different purposes. In
the dry corridor this pilots farm can contribute to the process
of adaptation and mitigation to climate change effect on
livestock activity. Therefore, it is still necessary participatory
research with farmers that explains in more details the
positive contribution that tree provides in the different land
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use on livestock farms. The majority of species and
individuals studied were found in low diametrical class,
which represent a high tendency of some species to become
extinct in the region because of the absence of seed and
seedling for the natural regeneration and the establishment of
a forest plantation. These can be species of high commercial
value our species with an important value for biodiversity
inside of the dry corridor region.
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