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Relation between some climatic factors and the chemical composition
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During two years the relation between some climatic factors and the
chemical composition of Zithonia diversifolia was studied, using a
completely randomized design and five replications, in brown soil
with carbonate. The chemical composition indicators consisted of:
NDF, ADF, lignin, cellulose, hemicellulose, cell content, organic
matter, ashes, N, Si, P, Ca and Mg; while the climatic factors were
the maximum, minimum and average temperatures, rain and number
of rainy days. The results are expressed by the Pearson correlation
coefficient in each seasonal period. In the rainy season, high and
positive correlation coefficients were found between total rain and
NDF, ADF, lignin and organic matter (0.87-0.97) and were negative
for cellulose, cell content, ashes and N (between -0.88 and -0.97). The
relation with the temperatures were variable and the highest value
(r=10.92) was recorded between the P and the average temperature.
For the number of rainy days, there was a similar performance to that
described above, but the coefficients were higher. In the dry season,
there was a positive correlation between total rain and NDF, ADF,
lignin, hemicellulose, ashes, P and Ca (0.52-0.88) and were negative
with cellulose, cell content, organic matter and N (between - 0.55 and
-0.88). For the number of rainy days there was similar performance,
but the coefficients were higher and there was relation with the Si
(r =-0.45). The linear multiple equations were established between
the chemical composition indicators and some climatic factors, with
high values of the determination coefficient, low standard error and
high significance. The chemical composition indicators showed a
specific response to climatic factors in each seasonal period, but
the higher effect, expressed by the correlation coefficient, is related
to the amount and distribution of precipitation. It is recommended
to determine the mathematical model that allows to predict the
performance of each indicator of the chemical composition with
the climatic factors, as well as to perform this study in other plants
of economic importance for animal feeding and to extend it to the
secondary metabolites or antinutritional factors.
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The plants productivity is determined by a group of
factors inherent to the plant and external factors. In the
first one are its biological characteristics and the second,
the soil, climate and management.

In crops used for animal nutrition and especially
grasses and forages, in addition to their productivity,
it is necessary to consider their quality and nutritional
value. For this, it is fundamental for its exploitation and
use to find the balance between yield and its content of
nutritive substances.

These aspects are currently particularly important,

Durante dos afios se estudi6 la relacion entre algunos factores climaticos
y la composicion quimica de Tithonia diversifolia, mediante un disefio
completamente al azar y cinco réplicas, en suelo pardo con carbonato.
Los indicadores de la composicion quimica consistieron en: FDN, FAD,
lignina, celulosa, hemicelulosa, contenido celular, materia organica,
cenizas, N, Si, P, Ca y Mg; mientras que los factores climaticos fueron
las temperaturas maximas, minimas y media, lluvia y nimero de
dias con lluvia. Los resultados se expresan mediante el coeficiente
de correlacion de Pearson en cada periodo estacional. En el periodo
lluvioso, se encontraron altos y positivos coeficientes de correlacion entre
la Iluvia total y la FDN, FDA, lignina y materia organica (0.87-0.97)
y resultaron negativos para la celulosa, contenido celular, cenizas y N
(entre -0.88 y -0.97). Las relacion con las temperaturas fueron variables
y el mayor valor (r=0.92) se registro entre el Py la temperatura media.
Para el niimero de dias con lluvia, hubo similar comportamiento al
antes descrito, pero los coeficientes fueron mayores. En el periodo poco
lluvioso, hubo correlacion positiva entre la lluvia total y la FDN, FDA,
lignina, hemicelulosa, cenizas, Py Ca (0.52-0.88) y fueron negativas
con la celulosa, contenido celular, materia organica y N (entre -0.55 y
-0.88). Para el numero de dias con lluvia hubo similar comportamiento,
pero los coeficientes fueron mayores y se encontro relacion con el Si
(r=-0.45). Se establecieron las ecuaciones multiples lineales entre los
indicadores de la composicion quimica y algunos factores climaticos, con
elevados valores del coeficiente de determinacion, bajo error estandar y
alta significacion. Los indicadores de la composicion quimica mostraron
respuesta especifica ante los factores climaticos en cada periodo
estacional pero, el mayor efecto, expresado mediante el coeficiente
de correlacion, esta relacionado con la cantidad y distribucion de las
precipitaciones. Se recomienda determinar el modelo matematico que
permita predecir el comportamiento de cada indicador de la composicion
quimica con los factores climaticos, asi como hacer este estudio en
otras plantas de importancia econdmica para la alimentacion animal y
extenderlo a los metabolitos secundarios o factores antinutricionales.

Palabras clave: temperatura, lluvia, nitrogeno, fibra

La productividad de las plantas esta determinada por
un grupo de factores inherentes al vegetal y externos. En
el primero se encuentran sus caracteristicas bioldgicas
y el segundo, el suelo, clima y manejo.

En los cultivos utilizados para la nutriciéon animal
y, en especial, los pastos y forrajes, ademas de su
productividad es preciso considerar su calidad y valor
nutritivo. Por ello, es fundamental para su explotacion
y empleo encontrar el equilibrio entre el rendimiento y
su contenido de sustancias nutritivas.

Estos aspectos cobran en la actualidad particular
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due to the high price of raw materials for the production
of concentrated foods and fertilizers (Friedrich 2014).
This has determined that trees, shrubs and legumes play
a leading role in animal nutrition, due to its multiple
advantages (Verdecia 2014).

Tithonia is originally from Central America. It
is characterized by its ecological plasticity, when
adapting and producing under different climate and
soil conditions, due to its genetic variability (Ruiz et al.
2010). This determines the wide variation in the yield
and chemical composition of its varieties (Holguin-
Castafio et al. 2015 and Mejia-Diaz et al. 2017), which
motivates interest in this plant, especially as a source
of animal food.

The objective of this study was to determine the effect
of some climate factors on the chemical composition of
Tithonia diversifolia in both climatic seasons.

Materials and Methods

Location, soil and climate. The research was carried
out in the experimental area of the Universidad de
Granma, Cuba, in brown soil with carbonate (Hernandez
et al. 1999), pH 6.2, contents of P.O,, K,O and N of
2.4, 33.4 and 3.0 mg/100g of soil, respectively and
3.6 % of organic matter. In the rainy season, average
rainfalls were 812.6 mm. The average, minimum and
maximum temperatures were 26.73,22.31 and 33.92 °C,
respectively, while in the dry season the values were in
the previous order of 270 mm, 24.05 °C, 18.29 °C and
31.58 °C. These values are in the historical range of the
region (Verdecia 2014).

Design, procedure and sampling. The Tithonia
diversifolia was used with two establishment years, in
plots of 0.5 ha in a completely randomized design and
five replications. A homogeneity cut was conducted,
and from there the samplings were carried out every 60,
120 and 180 d of regrowth in 10 plants at random, cut at
15 cm above the soil level. All sampled material was
mixed until an homogeneous sample was obtained
by replication. The sample was dried in a forced air
circulation oven for 72 h at 65 ° C and milled to a particle
size of 1 mm. The experiment lasted two years and no
irrigation nor fertilization was applied.

Chemical analysis of samples. The content of
organic matter, ashes, N, P, Ca and Mg was determined,
according to AOAC (2016), and of NDF, ADF, lignin,
cellulose, hemicellulose, cell content, according to
Goering and van Soest (1970). All analyzes were
expressed on a dry basis and performed in duplicate
in each replication.

Statistical analysis. Pearson correlation
coefficients (Visauta 1998) were determined between
chemical composition (NDF, ADF, lignin, cellulose,
hemicellulose, cell content, organic matter, ashes, N,
P, Ca, Mg and Si and some climatic factors (maximum,
minimum and average temperature, number of rainy
days and total rain). The results are showed in each
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importancia, debido al elevado precio de las materias
primas para la produccion de alimentos concentrados y
de los fertilizantes (Friedrich 2014). Esto ha determinado
que los arboles, arbustos y leguminosas desempefien una
funcion protagdnica en la nutricion animal, debido a sus
multiples ventajas (Verdecia 2014).

Tithonia es originaria de Centroamérica. Se
caracteriza por su plasticidad ecolodgica, al adaptarse
y producir en condiciones diversas de clima y suelo,
debido a su variabilidad genética (Ruiz et al. 2010).
Esto determina la amplia variacion en el rendimiento
y composicion quimica de sus variedades (Holguin-
Castafio et al. 2015, yMejia-Diaz et al. 2017), lo que
motiva el interés por esta planta, especialmente, como
fuente de alimento animal.

El objetivo de este estudio fue determinar el efecto de
algunos factores climdaticos en la composicion quimica
de Tithonia diversifolia en ambas estaciones climdticas.

Materiales y Métodos

Localizacion, suelo y clima. La investigacion se realizo
en el area experimental de la Universidad de Granma, Cuba,
en suelo pardo con carbonato (Hernandez et al. 1999), pH
6.2, contenidos de PO, K,OyNde2.4,33.4y 3.0mg/100g
de suelo, respectivamente y 3.6 % de materia organica.
En el periodo Iluvioso, las precipitaciones promedio
ascendieron a 8§12.6 mm. Las temperaturas media, minima
y maxima fueron 26.73, 22.31 y 33.92 °C, respectivamente,
mientras que en el periodo poco lluvioso los valores fueron
en el orden anterior de 270 mm, 24.05 °C, 18.29 °C y
31.58 °C. Estos valores se encuentran en el rango historico
de la region (Verdecia 2014).

Diserio, procedimiento y muestreo. Se utilizo la
Tithonia diversifolia con dos afios de establecimiento, en
parcelas de 0.5 ha en un disefio completamente al azar y
cinco réplicas. Se realizé un corte de homogeneidad, y a
partir de ahi los muestreos se realizaron cada 60, 120 y
180 d de rebrote en 10 plantas al azar, cortadas a 15 cm
sobre el nivel del suelo. Todo el material muestreado se
mezcld hasta obtener una muestra homogénea por réplica.
La muestra se sec6 en estufa de circulacion de aire forzado
durante 72 h a 65 °C y se molino hasta alcanzar tamafo
de particula de 1 mm. El experimento dur6 dos afios de
duracion y no se aplico riego ni fertilizacion.

Analisis quimico de las muestras. Se determino
el contenido de materia organica, cenizas, N, P, Ca y
Mg, segin AOAC (2016), y de FDN, FDA, lignina,
celulosa, hemicelulosa, contenido celular y , de acuerdo
con Goering y van Soest (1970). Todos los analisis se
expresaron en base seca y se realizaron por duplicado
en cada réplica.

Andlisis estadistico. Se determinaron los coeficientes de
correlacion de Pearson (Visauta 1998) entre la composicion
quimica (FDN, FDA, lignina, celulosa, hemicelulosa,
contenido celular, materia orgénica, cenizas, N, P, Ca,
Mg y Si, y algunos factores climaticos (temperatura
maxima, minima y media, nimero de dias con lluvias y
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seasonal period (rainy and dry), and only coefficients
higher than 0.40 are reported, with probability equal to
or higher than 95%. From the relations found, the linear
multiple equations that best correlated the chemical
composition indicators with the climatic factors that
showed high Pearson coefficients were determined.
The equations were selected when considering high
determination coefficients, fitted determination
coefficient, low standard error of terms and prediction,
high statistical probability and significant contribution
of terms and equation (Guerra et al. 2003 and Rodriguez
et al. 2013).

Results

In the rainy season, the highest (P <0.05) Pearson
correlation coefficient was found between the maximum
temperature and P (r = 0.79) and, conversely, with
cellulose (r = -0.67). With the minimum temperature,
only relation with P (r = -0.69, P <0.05) and Mg
(r=-0.74, P <0.05) were found, while for the mean the
highest relation was with P (r=0.92, P <0.001). For total
rain and for the number of rainy days, there were no
relation for hemicellulose, P and Mg, while for the rest
of the chemical composition indicators the coefficients
were elevated, especially with the number of rainy days
(table 1).
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lluvia total). Los resultados se presentan en cada periodo
estacional (Iluvioso y poco lluvioso), y solo se informan
los coeficientes mayores de 0.40, con probabilidad igual o
mayor de 95 %. A partir de las relaciones encontradas, se
determinaron las ecuaciones multiples lineales que mejor
relacionaron los indicadores de la composicién quimica con
los factores climaticos que presentaron altos coeficientes
de Pearson. Las ecuaciones se seleccionaron al considerar
elevados coeficientes de determinacion, coeficiente de
determinacion ajustado, bajo error estandar de los términos
y de prediccion, alta probabilidad estadistica y aporte
significativo de los términos y de la ecuacion (Guerra et
al. 2003 y Rodriguez et al. 2013).

Resultados

En el periodo Iluvioso, el mayor (P < 0.05)
coeficiente de correlacion de Pearson se encontrd entre
la temperatura maxima y el P (r=0.79) y, en sentido
inverso, con la celulosa (r=-0.67). Con la temperatura
minima, solo se encontr6 relacion con el P (r=-0.69,
P<0.05) y Mg (r=-0.74, P<0.05), mientras que para la
media la mayor relacion fue con el P (r=0.92, P<0.001).
Para la lluvia total como para el numero de dias con
lluvias no se encontraron relaciones para hemicelulosa,
Py Mg, mientras que para el resto de los indicadores de
la composicion quimica los coeficientes fueron elevados,

Table 1. Pearson correlation coefficients between chemical composition and some climatic factors

during the rainy season

Independent variables

\]/):rli)zsli :nt Temperature, °C Rain, mm
Maximum  Minimum  Average Total Number of days

NDF 0.48* 0.87%* 0.94%**

ADF 0.94%** 0.96%**

Lignin 0.54* 0.87** 0.93%**

Cellulose -0.67* -0.51* -0.73* -0.82%*

Hemicellulose 0.62%* 0.70*

Cell content -0.54* -0.88** -0.93%%*

Organic matter 0.97%** 0.97%**

Ashes -0.97%** -0.98***

N -0.93%** -0.95%**

Si 0.68%* 0.73%*

P 0.79* -0.69* 0.92%**

Mg 0.63* -0.74* 0.58*

*P<0.05 **P<0.01 ***P<0.001

NDF: neutral detergent fiber; ADF: acid detergent fiber; N: nitrogen; Si: silica;

P: phosphorus; Mg: magnesium

In the dry season, the highest (P <0.001) Pearson
correlation coefficient was found between the maximum
temperature and the hemicellulose (r = 0.91) and, in
the opposite direction, with the cellular content and
the N, both with r = -0.72 (P <0.05). The minimum
temperature was not related to hemicellulose, organic
matter, ashes, N, Ca, P and Mg, but with the rest of

en especial, con el nimero de dias con lluvias (tabla 1).

En el periodo poco lluvioso, el mayor (P < 0.001)
coeficiente de correlacion de Pearson se encontrd entre
la temperatura maxima y la hemicelulosa (r=0.91) y, en
sentido opuesto, con el contenido celular y el N, ambos
con r =-0.72 (P<0.05). La temperatura minima no se
relacion6 con la hemicelulosa, materia orgéanica, cenizas,
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the chemical indicators. The Pearson coefficient was
relatively low between the average temperature and the
hemicellulose, OM, ashes and N. The correlations with
the rain indicators were high, especially with the number
of rainy days that reached coefficients with values up
to 0.99 (table 2).
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N, Ca, Py Mg, pero si con el resto de los indicadores
quimicos. El coeficiente de Pearson fue relativamente
bajo entre la temperatura media y la hemicelulosa, MO,
cenizas y N. Las correlaciones con los indicadores de
las lluvias fueron elevadas, en especial con el nimero de
dias con lluvias que alcanzaron coeficientes con valores

Table 2. Pearson correlation coefficients between chemical composition and some climatic factors

during the dry season

Independent variables

?aiﬁ)jlr)lli esnt Temperature, °C Rain, mm

Maximum Minimum Average Total Number of days
NDF 0.77* -0.52%* 0.85%* 0.97***
ADF 0.64* -0.61* 0.72%* 0.96%**
Lignin 0.57* -0.87%* 0.52* 0.76*
Cellulose -0.61* 0.85%* -0.55* -0.71*
Hemicellulose 0.91%** 0.57* 0.88** 0.80%*
Cell content -0.72%* 0.43* -0.88** -0.99%%**
Organic matter -0.54* -0.55% -0.73* -0.89%*
Ashes 0.54* 0.56* 0.72* 0.58%*
N -0.72%* -0.45% -0.86%* -0.99%**
Si -045%* -0.45%
Ca 0.81%* 0.71%* 0.72%* 0.86%%*
P 0.54* 0.64*
*P<0.05 **P<0.01 ***P<0.001

NDF: neutral detergent fiber; ADF: acid detergent fiber; N: nitrogen; Si: silica;

P: phosphorus; Ca: calcium

In the rainy season, only linear multiple equations
could be established for NDF, ADF, lignin, cellulose
and cell content, where the climatic elements of higher
preponderance were maximum temperature, total rain
and rainy days. It should be noted its high determination
coefficients and statistical probability, as well as their
low estimation error (table 3).

de hasta 0.99 (tabla 2).

En el periodo lluvioso, solo se pudieron establecer
ecuaciones multiples lineales para la FDN, FDA, lignina,
celulosa y contenido celular, donde los elementos
climaticos de mayor preponderancia fueron la temperatura
maxima, lluvia total y dias con lluvias. Es de sefialar sus
elevados coeficientes de determinacion y probabilidad

Table 3. Linear multiple equations between some indicators of chemical composition and the climatic factors

in the rainy season

Equation SE+ R? P
NDF = -59.26 +2.89 (+0.62) maximum temperature + 0.1 (£0.01) LI 0.68 0.97  0.001
ADF =22.09 + 0.03 (+0.01) L1+ 1.26 ( £0.08) dLlI 1.12 093  0.01
L=-370.05+ 10.96 (+2.15) maximum temperature + 0.04 (£0.0004) LI 2.35 098  0.001
Cellulose = 255.68 - 8.84 (£1.55) average temperature - 0.01 (+0.001) L1 0.85 0.98 0.01
CC = 167.78 — 3.14 (£0.46) maximum temperature - 0.01 (+0.001) LI 0.50 0.99 0.0001

L1, rain; DL, number of rainy days

In the dry period, the linear multiple equations
of best fit were for NDF, ADF, lignin, cellulose,
hemicellulose, cell content, organic matter, ashes,
nitrogen and magnesium. The climatic elements of
higher preponderance were the maximum, minimum
and average temperature, as well as the total rain
and the number of rainy days. These equations were
characterized by their high determination coefficient and

estadistica, asi como su bajo error de estimacion (tabla 3).

En el periodo poco lluvioso, las ecuaciones multiples
lineales de mejor ajuste fueron para FDN, FDA,
lignina, celulosa, hemicelulosa, contenido celular,
materia organica, cenizas, nitrégeno y magnesio. Los
elementos climaticos de mayor preponderancia fueron la
temperatura maxima, minima y media, asi como la lluvia
total y el nimero de dias con lluvias. Estas ecuaciones se
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statistical probability, except cellulose and magnesium
(table 4).
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caracterizaron por su alto coeficiente de determinacion
y probabilidad estadistica, excepto la celulosa y el

Table 4. Linear multiple equations between some indicators of chemical composition and the climatic factors in the dry

season
Equation SE+ R? P
NDF =40.27 +0.003 (£0.001) L1 + 0.63 (+0.20) dL1 1.04 0.94 0.01
ADF = 25.24 - 0.006 (£0.002) L1 +0.55 (+0.11) dLl1 0.56 0.95 0.001
L =270.06 +0.05 (+0.01) L1 - 14.06 (+1.18) Tmin 3.12 0.96 0.01
Cel =22.91 +0.01 (£0.0.01) L1 -0.84 (=0.07)dLl1 4.13 0.52 0.05
Hemicel = 11.19 +0.009 (£0.002) L1 - 0.1 (£0.02) dL1 + 1.40 (£0.18) maximum 0.18 0.99 0.0001
temperature - 1.60 (£0.37) average temperature

CC = 58.13-0.006 (=0.001) L1 - 0.37 (+0.02) dL1-0.71 (x0.06) maximum 0.07 1.00 0.0000
temperature +1.18 (+0.06) minimum temperature

OM = 99.22 +0.004 (+0.002) LI - 0.27 (£0.04) dL1 + 0.62 (£0.19) maximum 0.19 0.98 0.001
temperature - 1.54 (£0.38) average temperature

Ashes = -1.26 - 0.63 (£0.13) maximum temperature - 0.004 (+0.001) L1 + 0.275 0.13 0.99 0.001
(£0.30) dLI + 1.63 (£0.26) average temperature

N = 6.76 - 0.04 (+0.02) maximum temperature - 0.18 (£0.01) dLlI 0.07 0.99 0.0001
Mg= -6.18 - 0.42 (+0.14) maximum temperature - 0.32 (£0.12) minimum temperature 0.05 0.85 0.05

+1.07 (£0.35) average temperature

NDF, neutral detergent fiber ; ADF, acid detergent fiber ; L, lignin; Cel, cellulose; Hemicel, hemicellulose; CC, cell
content ; OM, organic matter ; As, ashes; N, nitrogen; Mg, magnesium; L1, rain; DLI, number of rainy days

Discussion

This research was performed in an area of Tithonia,
with two establishment years to eliminate the effect
produced by soil preparation and juvenile vigor, which
originates from the use of quality seed, planted in
recently tilled soil. The experiment lasted two years
to guarantee a higher volume of information about the
performance of the chemical composition as well as the
climatic factors.

It was decided to report Pearson correlation
coefficients higher than 0.40, since growth modeling
researches of different meadow grasses reported
determination coefficients (R?) higher than 0.40 (Tonato
etal 2010, Araujo et al. 2013 and Andrade et al. 2015).

Lower values show very low relation between
the studied variables, with limited mathematical and
biological value. In addition, with this plant there is no
history of this type of study.

The national literature points out the differences that
exist in the performance of grasses and forages, attributable
to climatic seasons. Several studies on meadow grasses
(Pennisetum purpureun, Brachiaria decumbens and
Megathyrsus maximus, among others) reported specific
results inherent to the variety for each seasonal period
(Ramirez et al. 2011, 2012, 2015, 2016 and Herrera et al.
2013). In addition, mathematical expressions that correlate
yield and chemical composition with some elements of
the climate, such as rain and temperature were established
(Ramirez et al. 2016b).

These mathematical expressions were obtained
under specific edaphoclimatic conditions. Their terms

magnesio (tabla 4).
Discusion

Esta investigacion se desarrollo en un area de Tithonia,
con dos afios de establecimiento para eliminar el efecto
producido por la preparacion del suelo y el vigor juvenil,
que se origina por la utilizacion de semilla de calidad,
plantada en suelo de reciente laboreo. El experimento
tuvo una duracion de dos afios para garantizar mayor
volumen de informacion acerca del comportamiento de
la composicion quimica como de los factores climaticos.

Se decidid informar coeficientes de correlacion de
Pearson superiores a 0.40, pues trabajos de modelacion
del crecimiento de diferentes gramineas pratenses
informaron coeficientes de determinacion (R?) superiores
a 0.40 (Tonato et al. 2010, Araujo et al. 2013 y Andrade
etal. 2015). Valores inferiores indican muy baja relacion
entre las variables estudiadas, con limitado valor
matematico y biologico. Ademas, en esta planta no
existen antecedentes de este tipo de estudio.

La literatura nacional sefala las diferencias que
existen en el comportamiento de los pastos y forrajes,
atribuibles a las estaciones climaticas. Diversos
estudios realizados en gramineas pratenses (Pennisetum
purpureun, Brachiaria decumbens y Megathyrsus
maximus, entre otras) informaron resultados especificos
inherentes a la variedad para cada periodo estacional
(Ramirez et al. 2011, 2012, 2015, 2016 y Herrera
et al. 2013). Ademas, se establecieron expresiones
matematicas que relacionan el rendimiento y la
composicion quimica con algunos elementos del clima,
como la lluvia y la temperatura (Ramirez et al. 2016b).



276

showed significant contributions to the expression.
The standard errors (of terms and equation) were
low and their determination coefficients were high.
These elements showed the high precision of the
expressions, but they have not been proven or
endorsed in other climatic conditions, reason why
their value is only determined for the region and the
management conditions of the grass in which they were
obtained.

This type of study is not easily found in the national
literature, with respect to legumes of importance
for cattle feeding. However, Verdecia ef al. (2013)
established the differences that present the nutritional
value of Neonotonia wightii in both seasonal periods;
Verdecia et al. (2012) performed a similar study in
Leucaena leucocephala, but with emphasis on secondary
metabolites, and Herrera et al. (2016) established the
effect of some climate indicators on digestibility and
secondary metabolites, as well as on their relations in the
same species. The results showed the specificity of the
response of each variety in the studied climatic periods
(rainy and dry).

In other species, such as Erythrina variegata,
Glycricidia sepium and Teramnus labialis, the
researchers were carried out, using multivariate and
cluster analysis, to establish the similarity of chemical
composition and secondary metabolites according to
the regrowth age of in each climatic season (Verdecia
2014).

Tithonia diversifolia is a plant with great ecological
plasticity (Pérez et al. 2009 and Holguin-Castafio et
al. 2015) with forage potential for feeding and cattle
production (Ferreira 2013 and Gallego-Castro et al.
2014) with acceptable quality and high protein value
(Medina et al. 2009, and Mauricio et al. 2014), but
their chemical composition is variable (Mejia-Diaz
et al. 2017). In Cuba, Ruiz et al. (2010) evaluated
29 materials of Tithonia diversifolia, collected in the
center-west of the country and reported variability
in their characteristics. After a selection they also
reported their potential for animal production (Ruiz
et al. 2014).

Tithonia has secondary metabolites that may
negatively influence on its digestibility (Verdecia
2014). However, Lezcano et al. (2012), also studied the
secondary metabolites of this plant, but did it through
qualitative analysis and this depends on the sensitivity
of the reagents used, the plant age, the content of
secondary metabolites and the leaf-stem ratio, among
other factors. Therefore, it offers information of a
certain value, but with less precision than when the
quantitative determination of those substances is
carried out.

The results presented in this research evidenced
that the members of the chemical composition of
Tithonia have a specific and peculiar relation with
the climatic indicators considered in the study. In
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Estas expresiones matematicas se obtuvieron en
condiciones edafoclimaticas especificas. Sus términos
mostraron aportes significativos a la expresion. Los
errores estandar (de los términos y de la ecuacion)
resultaron bajos y sus coeficientes de determinacion
fueron altos. Estos elementos indicaron la alta precision
de las expresiones, pero no han sido comprobadas
ni avalas en otras condiciones climaticas, por lo que
su valor solo estd determinado para la region y las
condiciones de manejo del pasto en que se obtuvieron.

Este tipo de estudio no se encuentra con facilidad en la
literatura nacional, en lo que respecta a las leguminosas de
importancia para la alimentacion del ganado vacuno. Sin
embargo, Verdecia et al. (2013) establecieron las diferencias
que presenta el valor nutritivo de la Neonotonia wightii
en ambos periodos estacionales; Verdecia et al. (2012),
realizaron similar estudio en Leucaena leucocephala, pero
con énfasis en los metabolitos secundarios, y Herrera et
al. (2016) establecieron el efecto de algunos indicadores
del clima en la digestibilidad y metabolitos secundarios,
asi como en sus relaciones en esta misma especie. Los
resultados indicaron la especificidad de la respuesta de cada
variedad en los periodos climaticos estudiados (Iluvioso y
poco lluvioso).

En otras especies, como Erythrina variegata, Glyciricia
sepium 'y Teramnus labialis, las investigaciones realizadas
se encaminaron, mediante analisis multivariado y de
conglomerado, a establecer la similitud de la composicion
quimica y los metabolitos secundarios de acuerdo con la
edad de rebrote en cada estacion climatica (Verdecia 2014).

Tithonia diversifolia es una planta de gran plasticidad
ecologica (Pérez et al. 2009 y Holguin-Castafio et al. 2015)
con potencial forrajero para la alimentacion y produccion
del ganado vacuno (Ferreira 2013 y Gallego-Castro ef al.
2014), con aceptable calidad y alto valor proteico (Medina
et al. 2009 y Mauricio et al. 2014), pero su composicion
quimica es variable (Mejia-Diaz et al. 2017). En Cuba,
Ruiz et al. (2010) evaluaron 29 materiales de Zithonia
diversifolia, recolectados en el centro-oeste del pais e
informaron variabilidad en sus caracteristicas. Después
de una seleccion informaron ademas su potencialidad
para la produccion animal (Ruiz et al. 2014).

Tithonia presenta metabolitos secundarios que pueden
influir negativamente en su digestibilidad (Verdecia
2014). No obstante, Lezcano et al. (2012), también
estudio los metabolitos secundarios de esta planta, pero
lo realizé mediante analisis cualitativo y esto depende de
la sensibilidad de los reactivos utilizados, de la edad de la
planta, del contenido de metabolitos secundarios y de la
relacion hoja:tallo, entre otros factores. Por ello, ofrece
informacién de cierto valor, pero con menor precision
que cuando se realiza la determinacion cuantitativa de
dichas sustancias.

Los resultados presentados en esta investigacion
evidenciaron que los integrantes de la composicion quimica
de la Tithonia tienen una relacion especifica y peculiar con
los indicadores climaticos considerados en el estudio. En el
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the rainy season, for example, only the maximum
temperature was correlated (r = 0.48, P <0.05) with
the NDF, while in the dry season this occurred with the
maximum temperature (r=0.77, P <0.05) and minimum
temperature (r=-0.52, P <0.05). This happens with the
rest of the members of the chemical composition, but
with an inherent response in relation to the climatic
factors evaluated.

When the members of the chemical composition
were related to rain indicators (total rain and number
of rainy days), the Pearson coefficients were higher
and superior to those recorded with the tempera-
tures.

If the results of this study are compare with those
previously reported in relation to the species from
the genus Pennisetum, Brachiaria, Megathyrsus and
Leucaena, among others, there are notable differences.
The mentioned species have high relations with the
expressions of temperature, which does not occur in the
Tithonia. In this last one, the relations with the rains and
their occurrence frequency are higher. This is a possible
index of the response of this species to precipitation,
especially in drought periods.

The above allows establishing several hypotheses:
a) everything seems to indicate that the changes in
the chemical composition are less sensitive to the
temperature variations; B) the rain distribution is more
important than the total rain in the variability of the
chemical composition.

In addition, if these results are compared with
those obtained in the meadow grasses, as well as
those obtained with Leucaena, are totally different,
so that the third hypothesis can be established that
there are variations in intensity and elements involved
in the synthesis of the mentioned compounds. As a
hypothesis, they need specific research to explain this
performance.

When the linear multiple equations were established,
only five (NDF, ADF, lignin, cellulose and cell content)
of'the 13 chemical composition indicators (NDF, ADF,
lignin, cellulose, hemicellulose, cell content, organic
matter, ashes, N, P, Ca, Mg and Si) were fitted to
these models in the rainy season, whose independent
variables were maximum temperature, total rain and
number of rainy days. However, in the dry season, the
number of chemical composition indicators increased
to 10 (NDF, ADF, lignin, cellulose, hemicellulose, cell
content, organic matter, ashes, N and Mg) when related
to maximum, minimum and average temperatures,
as well as with total rain and the number of rainy
days.

This could be related to the performance of climatic
factors in each seasonal period. In the rainy season is the
stage of higher temperatures, solar radiation, duration of
light and rains, so that conditions are conducive to the
growth and development of plants; from the metabolic
point of view there are no limiting factors for the
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periodo lluvioso, por ejemplo, solo la temperatura maxima
se correlaciond (r=0.48, P<0.05) con la FDN, mientras
que en el poco lluvioso esto ocurrié con la temperatura
maxima (r=0.77, P<0.05) y la temperatura minima
(r=-0.52,P<0.05). Esto sucede con el resto de los integrantes
de la composicion quimica pero, con respuesta inherente en
relacion con los factores climaticos evaluados.

Cuando los integrantes de la composicion quimica
se relacionaron con los indicadores de las Iluvias (lluvia
total y nimero de dias con lluvia), los coeficientes de
Pearson encontrados fueron elevados y superiores a los
registrados con las temperaturas.

Si se comparan los resultados de este trabajo con los
informados con anterioridad en relacion con las especies
de los géneros Pennisetum, Brachiaria, Megathyrsus y
Leucaena, entre otros, se observan notables diferencias.
Las especies referidas presentan altas relaciones con
las expresiones de temperatura, lo que no ocurre en la
Tithonia. En esta ultima, las relaciones con las Iluvias
y su frecuencia de ocurrencia son mayores. Esto es
un posible indice de la respuesta de esta especie a las
precipitaciones, en especial, en periodos de sequia.

Lo anterior permite establecer varias hipotesis: a)
todo parece indicar que los cambios en la composicion
quimica son menos sensibles a las variaciones de la
temperatura; b) es mas importante la distribucién de
las lluvias que el total de ellas en la variabilidad de
la composicién quimica. Ademas, si se comparan
estos resultados con los obtenidos en las gramineas
pratenses, asi como los alcanzados con la Leucaena son
totalmente diferentes, por lo que se pudiera establecer
la tercera hipotesis de que existen variaciones en la
intensidad y elementos que intervienen en la sintesis
de los referidos compuestos. Como hipotesis, estas
necesitan de investigaciones especificas que expliquen
este comportamiento.

Al establecer las ecuaciones multiples lineales se
observo que solo cinco (FDN, FDA, lignina, celulosa
y contenido celular) de los 13 indicadores de la
composicion quimica estudiados (FDN, FDA, lignina,
celulosa, hemicelulosa, contenido celular, materia
organica, cenizas, N, P, Ca, Mg y Si) se ajustaron a
los referidos modelos en el periodo lluvioso, cuyas
variables independientes fueron la temperatura maxima,
lluvia total y el nimero dias con lluvias. Sin embargo,
en el periodo poco lluvioso, el nimero de indicadores
de la composicion quimica aumentd a 10 (FDN, FDA,
lignina, celulosa, hemicelulosa, contenido celular,
materia orgénica, cenizas, N y Mg) al relacionarse con
la temperaturas maxima, minimay media, asi como con
la lluvia total y el numero de dias con lluvias.

Lo anterior pudiera estar relacionado con el
comportamiento de los factores climaticos en cada
periodo estacional. En el lluvioso es la etapa de mayores
temperaturas, radiacion solar, duracion de la luz y
lluvias, por lo que las condiciones son propicias para el
crecimiento y desarrollo de las plantas; desde el punto
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photosynthesis. However, the dry season is characterized
by lower temperatures (including the minimum), solar
radiation, duration of light and rains. This imposes
limiting factors for growth, and the plant must be adapted
to the stress factors that predominate in that period.

Ramirez et al. (2011, 2016a) studied the relation
between climatic factors and quality indicators and
established multiple linear models, but the regrowth
age was one of its terms. This makes a difference with
the results obtained in this study. For this reason, due to
the complexity of the subject, future researches that will
contribute to deepen into this topic are needed.

These results are the first to be reported in the
national literature and should be considered to design
local management strategies that allow obtaining
biomass with a high quality index. As they were
expressions obtained under certain edaphoclimatic
conditions, it is necessary to be evaluated in other
environments. In addition, it is necessary to study
other mathematical expressions that relate climatic
factors to chemical composition indicators, as well as
to use these results to design mathematical models that
predict the effect of climatic factors on the chemical
composition of the Tithonia. It would also be of
importance to carry out this study in other plants of
economic importance for animal feeding and to extend
it to the secondary metabolites or antinutritional
factors.
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de vista metabdlico no hay factores limitantes para la
fotosintesis. Sin embargo, el periodo poco lluvioso se
caracteriza por las menores temperaturas (incluida la
minima), radiacion solar, duracion de la luz y lluvias.
Esto impone factores limitantes para el crecimiento, y
la planta se debe adaptar a los factores de estrés que
predominan en el referido periodo.

Ramirez et al. (2011, 2016a) estudiaron la relacion
entre los factores climaticos y los indicadores de la
calidad y establecieron modelos multiples lineales,
pero la edad de rebrote era uno de sus términos. Esto
establece una diferencia con los resultados obtenidos en
este trabajo. Por ello, debido a la complejidad del tema,
se precisan investigaciones futuras que contribuyan a
profundizar al respecto.

Estos resultados son los primeros que se informan en
la literatura nacional y se deben considerar para disenar
estrategias de manejo local que permitan obtener biomasa
con elevado indice de calidad. Como fueron expresiones
obtenidas en determinadas condiciones edafoclimaticas,
es preciso evaluarlas en otros ambientes. Ademas, es
necesario estudiar otras expresiones matematicas que
relacionen los factores climdticos con los indicadores de
la composicion quimica, asi como utilizar estos resultados
para disenar modelos matematicos que predigan el efecto
de los factores climaticos en la composicion quimica
de la Tithonia. También seria de importancia hacer este
estudio en otras plantas de importancia econémica para
la alimentacion animal y extenderlo a los metabolitos
secundarios o factores antinutricionales.
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