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Abstract

The objective of this research was to identify the tree species used in feeding cattle, as well as their density and
nutritional value in Sinaloa, Mexico. The study was carried out through monthly samplings and a survey to
producers. The variables evaluated were Dry Matter (DM), Neutral Detergent Fiber (NDF), Acid Detergent Fiber
(ADF), Cellular Content (CC), Potential Dry Matter intake (PDMI), Digestible Energy (DE), Net Energy for
maintenance (NEm), Net Energy forgain (NEg), Net Energy for lactation (NE)), Total Digestible Nutrients (TDN)
and Growing Degree Days (GDD). The results showed the following order of tree consumption preference by
cattle: (1) Lysiloma divaricatum, (2) Acacia farnesiana, (3) Ebenopsis ebony, (4) Tabebuia rosea, (5) Guazuma
ulmifolia and (6) Chloroleucon mangense Jacq. The NDF content was the highest in Tabebuia rosea (54.4%) as
well as in ADF (42.8%) and Ebenopsis ebano was the lowest (19.3%). The highest content was observed in
Ebenopsis ebano (4.9%) and Acacia farnesiana (3.7%). The highest NE; content was observed in Tabebuia rosea
(1.99 Mcal/kg DM), and the lowest in Guazuma ulmifolia (1.26 Mcal/kg DM). Ebenopsis ebano showed, the
highest content was observed in NE, (1.86 Mcal/kg DM) and the lowest was observed in Tabebuia rosea (1.22
Mcal/kg DM). A significant difference (P<0.05) was observed in the accumulation of average GDD per day by
forage species. Acacia farnesiana is the forage tree with the highest consumption by cattle and the one that
presented the highest density in the sampled area. Chloroleucon mangense is the second most important species,
despite its low density in the study area. GDD were higher in the summer season, while the lowest amount occurred
in autumn, which was reflected in differences in the quality and quantity of the forage.
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Resumen

El objetivo fue identificar las especies arbdreas utilizadas en la alimentacion del ganado, su densidad y valor
nutricional en Sinaloa, México. Se realiz6 un muestreo mensual y una encuesta a productores. Las variables
evaluadas fueron Materia Seca (DM), Fibra Detergente Neutra (NDF), Fibra Detergente Acida (ADF), Contenido
Celular (CC), Consumo Potencial de Materia Seca (PDMI), Energia Digestible (DE), Energia Neta de
Mantenimiento (NEn), Energia Neta de Ganancia (NEg), Energia Neta de Lactancia (NE;), Nutrientes Totales
Digeribles (TDN) y Grados Dia de Crecimiento (GDD). Los resultados indicaron el siguiente orden de preferencia
por el ganado: (1) Lysiloma divaricatum, (2) Acacia farnesiana, (3) Ebenopsis ébano, (4) Tabebuia rosea, (5)
Guazuma ulmifolia y (6) Cloroleucon mangense. El contenido de NDF fue mayor en Tabebuia rosea (54.4%) y
ADF (42.8%) y Ebenopsis ebano fue el menor (19.3%). El mayor contenido de ADF se observd en Ebenopsis
ebano (4.9%) y Acacia farnesiana (3.7%). El mayor contenido de NE; se observo en Tabebuia rosea (1.99 Mcal/kg
MS), y el menor en Guazuma ulmifolia (1.26 Mcal/kg MS). En NE,, en Ebenopsis ebano se observé el mayor
contenido (1.86 Mcal/kg MS) y el menor se observé en Tabebuia rosea (1.22 Mcal/kg MS). Se observé una
diferencia significativa (P<0.05) en la acumulacién de GDD promedio por dia por especie forrajera. Acacia
farnesiana fué el de mayor consumo y el que presentd mayor densidad en el area muestreada. Chloroleucon
mangense es la segunda especie en importancia, a pesar de su baja densidad en el area de estudio. Los GDD fueron
mayores en la temporada de verano, mientras que la menor cantidad se presentd en otofio, lo que se reflejo en
diferencias en la calidad y cantidad de los arboles forrajeros.

Palabras clave: agroforesteria; rumiantes; nutricion

Resumo

O objetivo foi identificar as espécies arboreas utilizadas na alimenta¢do do gado, sua densidade e valor nutricional
em Sinaloa, México. Foi realizada uma amostragem mensal e uma enquete voltada aos produtores. As variaveis
avaliadas foram Matéria Seca (DM), Fibra em Detergente Neutro (NDF), Fibra em Detergente Acido (ADF),
Contelido Celular (CC), Consumo Potencial de Matéria Seca (PIMS), Energia Digestivel (DE), Energia Liquida
de Mantenca (NEn), Energia Liquida de Ganho (NEg), Energia liquida de lactagdo (NE,), Nutrientes Digestiveis
Totais (TDN) e Graus Dias de Crescimento (DDG). Os resultados indicaram a seguinte ordem de preferéncia pelo
gado: (1) Lysiloma divaricatum, (2) Acacia farnesiana, (3) Ebenopsis ébano, (4) Tabebuia rosea, (5) Guazuma
ulmifolia e (6) Chloroleucon mangense. O contetldo de NDF foi maior em Tabebuia rosea (54.4%) e ADF (42.8%)
e Ebenopsis ebano foi 0 menor (19.3%). Os maiores teores de ADF foram observados em Ebenopsis ebano (4.9%)
e Acacia farnesiana (3.7%). O maior teor de NE; foi observado em Tabebuia rosea (1.99 Mcal/kg MS), e o menor
em Guazuma ulmifolia (1.26 Mcal/kg MS). No NE,, o maior teor foi observado em Ebenopsis ebano (1.86 Mcal/kg
DM) e o menor em Tabebuia rosea (1.22 Mcal/kg MS). Foi observada uma diferenca significativa (P<0.05) no
acumulo médio de DDG por dia por espécie forrageira. A Acacia farnesiana apresentou 0 maior consumo € a
maior densidade na area amostrada. A Chloroleucon mangense é a segunda espécie mais importante, apesar de
sua baixa densidade na area de estudo. Os DDG foram maiores no verdo, enquanto a menor quantidade foi no
outono, o que se refletiu nas diferengas na qualidade e quantidade das arvores forrageiras.

Palavras-chave: agrofloresta; ruminantes; nutricao

Introduction

Around 60% of the total livestock produced worldwide is found in the tropics (Botero and
Russo, 1998). In the dry season, tropical grasses are characterized by low levels of crude protein
and a high content of fiber with the consequent low digestibility and production in general
(Botero and Russo, 1998; Ortega-Gomez et al., 2011). The importance and productivity of some
tree species as a source of forage have recently been highlighted as an alternative to compensate
for the forage deficit that occurs in tropical areas during the dry months (Wagner, 2013;
Cabrera-Nufiez et al., 2019).

In these areas, trees not only contribute to improving soil fertility but also provide organic
matter and nutrients (Ramirez-Builes, 2007). Trees allow nutrient recycling in deep soil layers
which cannot be penetrated by the roots of herbaceous plants (Torres-Guerrero et al., 2013;
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Crespo, 2015). Furthermore, trees provide food (Cabrera-Nufiez, 2019) and improve
microclimatic conditions by providing shade (Lucero-Ignamarca et al., 2019; Meili et al., 2021)
and keeping cattle body temperature within a comfortable range (Kamal et al., 2018; Edwards-
Callaway et al., 2021). When cattle consume the fruits of trees, they not only take advantage of
the nutrients but also contribute to seed scarification and dispersal (Tjelele et al., 2015; Treitler
etal., 2017).

The potential of silvopastoral systems is high if we consider the existence of numerous tree
species of great biological diversity which can function as fundamental components of such
systems (Kaushal et al., 2017; Cabrera-Nufiez et al., 2019). Tree species in the Fabaceae family
have the greatest potential for agrosilvopastoral systems (Renddn-Sandoval et al., 2020), and
livestock producers supply mixtures of these fodder tree leaves to cattle either as a supplement
or as the only feed (Beigh et al., 2017; Cabrera-Nufiez et al., 2019).

The use of mixtures ensures a more diverse supply of forages and, therefore, reduces the risk
of dependence on a single plant species (Méndez, 1998; Lischer et al., 2014). Producers use
genetic diversity as a form of quality assurance, since in marginal environments, uniformity can
lead to the total failure of a crop in difficult circumstances (Cooper, 1992; Govindaraj et al.,
2015).

Nitis et al. (1990) described a multi-strata forage production system, which includes grasses
and creeping legumes (first stratum), legumes and shrubs (second stratum), and fodder trees
(third stratum). The multi-strata system (0.25 ha) produced more forage and supported higher
stocking rates than a non-stratified system (0.5 ha), which was reflected in lower infestation of
endoparasites, less erosion, higher organic matter and nitrogen content in the soil and, even
after five years, a higher production of firewood and greater economic benefits.

Méndez (1998) concludes that the study of agroforestry systems is important for the tropics and
that their practical application requires consideration in the context of sustainable agriculture.
Therefore, the objective of this research was to identify the tree species used in cattle feeding,
as well as their nutritional value, in a dry tropical area in the state of Sinaloa, Mexico.

Materials and methods

The study was carried out in the municipality of Culiacan, in the central part of the state of
Sinaloa, at 107°24' W and 24°55' N, at an altitude of 88 m. The average annual temperature is
25.1 °C. January is the coldest month (19.3 °C) and July the hottest (30.3 °C). The climate is
defined as BS1(h') w(e) warm and semi-dry extreme, with an annual precipitation of 724.4 mm,
the maximum occurring in August (24.1 mm) and the minimum in May (1.6 mm) (Garcia
1987).

A survey was carried out to identify the main tree species consumed by cattle and their uses
other than as a forage, using a questionnaire that collected the following information: name of
the respondent, location, occupation, known forage species, if cattle consume them, and the
most common species in the region. The survey was administered directly to 150 livestock
producers in seven locations in the municipality of Culiacan (Jesus Maria, Las Higueras, La
Anona, El Varejonal, Los Limones, ElI Limoncito and Las Guasimas). The sample size was
determined according to Odalys et al. (2008). Six forage trees were evaluated from May to
November 2016, following the methodology of Scheaffer et al. (1987). A stratified random
sampling (SRS) was carried out in the field to identify the representative units of each species,
which were subsequently classified taxonomically. Using an ordinal scale, we ordered
hierarchically the previously identified forage trees according to intake by cattle in the study
area. Similarly, the abundance of each species was determined on the basis of tree density.
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The research focused on six species: mauto (Lysiloma divaricatum (Jacg.) JF Macbr.), vinolo
(Acacia farnesiana L. Wild), ebony (Ebenopsis ebano Berl.), amapa (Tabebuia chrysantha
Jacq.), guasima (Guazuma ulmifolia Lam.) and palo pinto (Chloroleucon mangense Jacq.).
Forage species were sampled monthly using the forage sampling technique described by
Shinozaki et al. (1964). The optimal sample size was estimated for each species (Scheaffer et
al., 1987) to assess production on a dry basis. Seven samples of vegetative material consisting
of leaves, pods and fruits were collected by the end of each month. The samples were weighed
at the time of collection, labeled and placed in paper bags to be dried in an oven at 65 °C for 48
h. Dried samples were processed in a Willey #4 mill using a 1-mm mesh sieve, and stored in
hermetically sealed glass containers for subsequent analysis.

The samples of each forage tree were subjected to the following analyses: Apparent Dry Matter
(ADM, dried at 60°C for 48 h), Residual Dry Matter (RDM, dried at 105°C for 24 h), crude
protein (CP) by the Kjelhdal method, ashes (AOAC, 1999), Neutral Detergent Fiber (NDF) and
Acid Detergent Fiber (ADF) (Goering and Van Soest, 1970), Cellular Content (CC), and
Organic Matter (OM).

The analyses were performed in the Bromatology and Animal Nutrition Laboratory of the
College of Agronomy of the Universidad Autonoma de Sinaloa. The variables of interest were:
green forage production (kg/ha*) and forage production based on dry matter (kg DM/ ha?),
bromatological composition, leaf area, potential consumption and Growing Degree Days
(GDD).

The energy (Mcal/kg™ of DM), the net energy for gain (NEg), net energy for lactation (NE)),
and percentage of total digestible nutrients (% TDN) of the forage trees analyzed were
characterized. NE; is defined as the energy contained in forages to produce milk. Broadly, 70
to 80% of energy is used for metabolism, and 40% to 60% for reproductive processes and milk
production (Shirley, 1986).

The potential dry-matter intake and protein (PDMI) was estimated as a percentage of the live
weight of the ruminant for each forage species, estimated from the NDF content of the forage.
GDDs were obtained as indicated by Frank (1996), setting the minimum and maximum
thresholds at 10 and 35 °C (Salisbury et al., 1994) and subtracting the Celsius degrees exceeding
the maximum threshold from the GDD of the day. Temperature records were obtained from the
National Weather Service. The model for determining GDD was as follows:

[(Tmax + T'min

5 ) — Tbase] —°C = UM

Where:

GDD = Growing Degree Day

Tmax = Maximum daily temperature

Tmin = Daily minimum temperature

Tbase = physiological initial temperature

°C > UM = Centigrade degrees above the Physiological Maximum Threshold.

The physiological initial temperature (Tbhase) was established at 10 °C (Guerra and Calderén,
1997), and the maximum physiological threshold at 35 °C (Guerra et al., 1999). A randomized
complete block design (RCDB, with each block corresponding to each sampling site for each
species evaluated) was used for the response variables: DM, NDF, ADF, CC, PDMI, DE, NEn,
NEg, NE;, TDN and monthly GDD (Barreras et al., 1999). Data were analyzed with ANOVA

Ciencias Agrondmicas - Revista 44 - Afio 24 - 2024 e-044



CIENCIAS

REVISTA DE INVESTIGACIONES DE LA FACULTAD DE CIENCIAS AGRARIAS - UNR

(SAS, 2009) and treatment (species) means were compared with the Tukey test considering an
error rate of 5%. The design used was represented by the following statistical model:

Yij = |J‘|‘ Tl-‘l‘Bj‘l‘EU

Where:

Yij = Dependent variable

M = Population means

Ti = Effect of the i-th treatment ( tree species)
Bj = Effect of the j-th block (sampling site)
Eij = Random error

Assumptions: Errors are ~ N 1 (0, 6?).

Results

The results of the survey indicated the following order of importance for the forage trees most
consumed by livestock in the study area: 1) Lysiloma divaricatu, 2) Acacia farnesiana, 3)
Ebenopsis ebano, 4) Tabebuia chrysantha, 5) Guazuma ulmifolia, and 6) Chloroleucon
mangense.

It was also found that local people also use the forage tree species as firewood, wood, for
making poles, and as traditional medicines (Table 1).

Table 1. Forage tree species in the dry tropics of Sinaloa, Mexico.

Preference in

Common L . Order in
Scientific name Use consumption .
name . density
by livestock

Vinolo Acacia famesiana Firewood 1 1
Amapa Tabebuia rosea Wood b 4
Mauto Lysiloma divarcatum Poles 5 2
Palo pinto  Chloroleucon mangense Wood 2 5
Guasima Guazuma ulmifolia Medicinal 3 3
Ebano Ebenopsis ebano Wood 4 B

Mote: Samples consisted of leaves and tender fruits for all species except for guasima, which
consizsted of leaves and ripe fruit.

The results of the bromatological analyses are shown in Table 2. Tabebuia rosea had the highest
NDF average percentage (x=54.42), and the lowest percentage (x=25.79) was in Ebenopsis
ebony. The highest ADF percentage (Xx=42.83) was found in Tabebuia rosea, followed by
Guazuma ulmifolia (x=33.54). The lowest percentages occurred in Acacia farnesiana and
Ebenopsis ebano, with x=24.79 and X=19.33, respectively.

The highest percentage of PDMI (X=4.89) was found in Ebenopsis ebano, and the lowest
(x=2.4) in Tabebuia rosea.
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Table 2. Bromatological characterization of six tree forage species in the dry tropics of Sinaloa, Mexico.

Species DE MEn, NE, NE, TDN
Ebenopsis ebano 3.h5% 2.34% 1.93 1.86% a0.81*
Acacia famesiana 3.29%° 2118 1 65° 171 74 72°°

Tabebuig rosea 2.40° 2 hEE 1.99¢ 1.22° h4 64"

[ ysiloma divaricatum 295 1.91° 1.42° 1.54% 67.76%
Guazuma ulmifolia 2 BB® 1.77° 1.26° 147" G4 987
Chloroleucon mangense 3.09% 2.00° 1.53° 1.60% 70.38%
CV (%) 6.63 403 6.33 928 8.63

Means followed by a different superscript letter differ significanthy (P<0.05).
DM (%) Dry Matter; NDF (%) Neutral Detergent Fiber; ADF (% ). Acid Detergent Fiber;, CC: Cellular Content;
POMI. Potential Dry Matter Intake as a percentage of live weight. CV; Coefficient of variation.

Regarding the energy characterization of the species studied, NEq (defined as the energy of the

forages used for growth or weight gain) was highest in Tabebuia rosea and Ebenopsis ebano
(x=1.99 and %=1.93 Mcal/kg?, respectively), and lowest in Guazuma ulmifolia (x=1.26
Mcal/kg?). NEg The highest NE; content was found in Ebenopsis ebano (x=1.86 Mcal/kg™),
and the lowest in Tabebuia rosea with X=1.22 Mcal/kg™. TDN percentage was highest in
Ebenopsis ebano (x=80.81), while the lowest was found in Tabebuia rosea with X
=54.64. (Table 3).

Table 3. Energy characterization of six tree forage species in the dry tropics of Sinaloa, Mexico.

Species DE NE, NE, NE, TDN

Ebenopsis ebano 3.55% 2.34% 1.93# 1.66° 80.81#
Acacia famesiana 3.29%° 211° 1.65° 1713 74.72%°
Tabebuia rosea 2.40° 2.56° 1.99 1.22° 54 64°
Lysiloma divaricatum 2.98% 1.91° 1.42° 1547 G778
Guazuma ulmifolia 2 86° 1.77° 1.26° 1.47°F 64 98°
Chloroleucon mangense 3.09% 2.00° 1.53° 1.60%  70.38%™

CV (%) 8.63 403 6.33 9.28 8.63

Means followed by different superscript letters differ significanthy (P<0.03).

DE: Digestible Energy (Mcalkg-1 M3}, NEm: Met Energy for maintenance (Mcalkg-1 MS); NEg: Met
Energy for gain (Mcalkg-1 DM); MEL Net Energy for lactation (Mcalkg-1 MS); TDN (%): Total
Digestible Mutrientz; % CV': Percentage of Coefficient of variation.

A significant difference (P<0.05) was observed in the accumulation of average GDD per day
per forage species (Table 4), while the CV for this variable was 10.65%. The highest amount
(P<0.05) of GDD was observed in June with 621.2, followed by July (617) and August (592.8),
whereas the lowest accumulation occurred in November, with 442.7. During the 7-month
sampling period, the total accumulated GDD was 3 853.60, with a population average of
550.51.

Ciencias Agrondmicas - Revista 44 - Afio 24 - 2024 e-044



CIENCIAS

REVISTA DE INVESTIGACIONES DE LA FACULTAD DE CIENCIAS AGRARIAS - UNR

Table 4. Daily GDD averages and monthly accumulated GDD during the sampling period for six tree forage
species in the dry tropics of Sinaloa, Mexico.

Month  Average GDD/Day™ Monthly cumulative GDD
May 16.27° 504 50°
June 20.04% 621247
July 19.90% 617.00%"

August 19.12%¢ 592 80"

September 18.64°¢ 577 845

October 17.76° 550.60°

MNovember 14 28* 442 68°
cv 10.65%  TOTAL: 3 853.60; p- 550.51

Means followed by different superscript letters differ significantly (P=0.05).
GOD: Growing degree days; CV: Coefficient of variation.

GDD accumulation on an annual basis (Table 5) showed the differences between the
physiological efficiency of these species to produce leaves and root biomass. Leaf area
increases the plant’s efficiency in the use of light and water resources for photosynthesis,
accelerating growth under favorable environmental conditions.

Table 5. Annual growing degree days (GDD) of six tree forage species in the dry tropics of Sinaloa, Mexico.
Month Annual GDD

January 258 .40
February 27340
March 315.80
April 40310
May 504 .50
June 601.20
July B17.00
August 592 80
September 55910
October 550.60
Movember 42840
December 298.40

Discussion and conclusions

The order in which the forage trees analyzed are consumed by cattle in the study sites was as
follows: Acacia farnesiana in the first place, followed by Chloroleucon mangense, Guazuma
ulmifolia, Ebenopsis ebano, Lysiloma divaricatum. and Tabebuia chrysantha (Table 1). Species
abundance, calculated on the basis of tree density, showed Acacia farnesiana as the most
abundant, followed by Lysiloma divaricatum, Guazuma ulmifolia, Tabebuia chrysantha,
Chloroleucon mangense, and Ebenopsis ebano with the lowest presence.

In general, the greatest forage potential of trees is found in legume species (Rendén-Sandoval
et al., 2020). Giraldo (1996) found that Gliricidia sepium contains 35% DM, 25% PDMI, and
2.0 Mcal ME/Kg! DM. Erythrina poeppigiana contains similar values (23% DM, 25% CP, and
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2.0 Mcal ME/kg), while Guinea grass (Panicum maximum) presented 19.5% DM, 10.7% CP,
and 2.0 Mcal ME/kg™.

Tree and shrub forages are known to contain relatively high CP values, depending on the species
(Benavides, 1991). However, the nutritional value of trees varies in the different components
of their biomass, since leaves have a higher concentration of nutrients than branches and stems
(Carmona-Agudelo, 2007). The variation has also been related to age and position in the tree:
young leaves are higher in protein than old ones, and the latter also have low digestibility
percentages due to higher concentrations of lignin and possibly tannins (Benavides, 1991).
Currently, there is an increasing interest in the search for food resources that can partially
replace the use of expensive concentrates to provide energy, protein and minerals to cattle
(Mendoza-Martinez et al., 2008). In this regard, trees and shrubs play a predominant role due
to their high nutritional value and multipurpose nature (Cabrera-Nufiez et al., 2019). Among
the numerous tree species with good forage properties, legumes hold an outstanding position
(Renddn-Sandoval et al., 2020).

However, there are other perennial woody plants with great potential that have not been used
extensively and their use has been limited to specific and isolated feeding systems, such as
Trichanthera gigantea (Rosales and Rios Kato, 1999), Moringa oleifera (Ramirez, 2017),
Azadirachta indica (Bijalwan et al., 2017), Ficus species (Viswanath et al., 2012), Tithonia
(Canul-Solis et al., 2018), Morus alba (Kant et al., 2004), and Cnidoscolus sp. (Agquilar-Luna
et al., 2010) mainly due to their great versatility, rapid growth and recovery after cutting, in
addition to offering considerable biomass production in the dry period.

Considering the importance of such species for tropical livestock, it is necessary to study
comprehensively the main indicators of their bromatological composition, as well as the
presence of possible toxic compounds and the levels of secondary metabolites present in the
biomass.

Lofgreen and Garrett (1968) elaborated a feeding system that allows recognizing the efficiency
in the use of the different metabolizable energies for processes such as metabolism and
production. For the use of feeds, two values are taken: net energy for gain (NEg) and net energy
for maintenance (NEm). Energy retention was estimated at 75 kcal multiplied by live weight
raised to the 0.75 power of net energy, W%, indicating the fasting metabolism of the animal,
called net maintenance energy of the animal. For each level of NEn, there is a corresponding
level of ENg (NRC, 2000).

Leaf production is one of the most economically important processes in forage production, as
leaves are the basic structures that determine the intensity or speed of growth and make a high
contribution to forage quality. It is accepted that the optimal leaf area index (LAI) in forages is
the one that implies a maximum growth rate. Pearce et al. (1965) consider that an optimal LAI
value ranges from 5.5to 7.

Pearson and Ison (1997) pointed out that energy absorption is determined by LAI, and that
grasses can intercept 95% of radiation with a LAI from 6 to 9. Photosynthesis influences the
quality of the forage produced, and there are important photosynthetic routes. GDD calculations
are one of the simple estimation models (Frank, 1996).

Regarding the nutritional value of forages, functions with a good degree of adjustment have
been developed that relate the nutritional value of the forage with the temperature or GDD
accumulated during regrowth (Onstad and Fick, 1983). Guerra and Calderon (1977) estimated
that the growth and development of forages are affected by GDD. The GDD approach allows
calculating the number of leaves produced according to temperature accumulation, thus
providing a valuable tool for grazing management decisions (Frank, 1996). Each plant species
requires a& certain number of GDD to complete its development, presenting certain critical
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temperatures (sometimes called cardinal temperatures) that define the heat requirements
necessary for its growth and development (Wilson and Barnett, 1983).

These cardinal temperatures include the lowest and highest temperatures at which the plant
grows, and the optimum, the temperature at which growth and development are greatest. In
addition to cardinal temperatures, there are lethal temperatures, which cause the death of the
plant (Garcia et al., 1994). The physiologically effective temperature (GDD) influenced the
forage trees studied, which was reflected in differences in the quantity and quality of forage
produced. It is necessary to determine the phenological clock based on the GDD for each of the
forage species.

Vinolo (Acacia farnesiana) is the fodder tree most consumed by cattle and the one with the
highest density in the sampled area. Palo pinto (Chloroleucon mangense) is the second most
important species, despite its low density in the study area. However, ebony was the tree with
the best energy characterization, since its energy values (ED, TDN, NEm, NEg, NE;) were higher
and more consistent than those of the other species. GDD were higher in the summer season,
while the lowest amount occurred in autumn, which was reflected in differences in the quality
and quantity of the forage trees studied.

Additional studies are required to determine the amount that can be fed cattle, to determine the
amount of anti-nutritional agents they may contain, as well as their in vivo digestibility; further
studies should include the analysis of a higher number of trees with forage potential and use
that specific adaptability values for trees, replacing grass data.
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