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Influence of forage legumes on the soil-grass system
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The research was conducted during 15 years at the Instituto de Ciencia
Animal, located in Mayabeque, Cuba, to evaluate the ecological and
productive impact of legumes in the soil-grass system of tropical
livestock areas. Two grasslands were studied: 1) Silvopastoral with
Leucaena leucocephala | Megathyrsus maximus and 2) Herbaceous
legume mixture in association with grasses. By means of principal
components analysis, the indicators with higher contribution to
the variability of each grassland were selected to evaluate their
performance every five years. Those with a preponderance value
higher than + 0.78 and explained at least 65 % of the accumulated
variance were chosen. In the vegetation, up to 50 indicators were
studied and 7 to 9 were selected, in which the plant coverage, the
density of the grass and the presence of natural grasses coincided.
From the 76 soil indicators, between 6 and 9 were selected, in
which the distribution of aggregates in dry and humid conditions,
structural stability, Value n and underground phytomass were
highlighted. Also, the soil quality index and the organic carbon
stored in the soil (CSS) were evaluated. The silvopastoral grassland
during the first 12 years of continuous explotation had plant
coverage higher than 95 %, 6 and 9 plants m? of Guinea grass, 4 and
6 t DM ha' and a gradual improvement of soil fertility, with a
predominance of aggregates in humid conditions between 1 and
5 mm, with values between 25 and 58%. From the 14 explotation
years, there was no difference in the performance of the indicators,
which showed their stability and the balance in the soil-grass
system. In the mixture of legumes with grasses from the 12 years
of exploitation decreased glycine but recovered the total legumes
percentage, which were characterized to have higher predominance
in the dry season. Both grasslands had good soil quality, increased
the organic carbon stored in the soil (CSS) and maintained productive
and ecological stability. Confidence tables for indicators are showed
which can be used as reliable and sensitive tools to detect changes
in grasslands and can be used in research, teaching and production.
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Forage legumes have increased their presence in
tropical livestock production.

This is due mainly to their benefits, including its
contribution to the biological fixation of atmospheric
nitrogen in the soil, the rapid decomposition of its plant
material and its protein contribution to the animal diet
(Olivares-Pérez, 2011).

These characteristics, join to their high plasticity,
their diverse size and the dissimilar growth curves that
identify each species, allow them to be used in a wide
range of edaphoclimatic regions and in technologies
that enhance them as main grass or forage, either in
silvopastoral systems or others where the herbaceous
stratum is the balanced association of grasses and
legumes (Boschi et al. 2016).

La investigacion se realizo durante 15 afios en el Instituto de Ciencia
Animal, ubicado en Mayabeque, Cuba, para evaluar el impacto
ecologico y productivo de las leguminosas en el sistema suelo-pasto de
areas ganaderas tropicales. Se estudiaron dos pastizales: 1) silvopastoril
con Leucaena leucocephala/Megathyrsus maximus y 2) mezcla
de leguminosas herbaceas en asociaciéon con gramineas. Mediante
analisis de componentes principales se seleccionaron los indicadores
con mayor aporte a la variabilidad de cada pastizal, para evaluar
quinquenalmente su comportamiento. Se escogieron aquellos con
valor de preponderancia mayor de + 0.78 y que explicaron, al menos,
65 % de la varianza acumulada. En la vegetacion se estudiaron hasta
50 indicadores y se seleccionaron entre 7 y 9, en los que coincidieron
la cobertura vegetal, la densidad del pasto base y la presencia de pastos
naturales. De los 76 indicadores del suelo, se seleccionaron entre 6y 9,
en los que resaltaron la distribucion de agregados en himedo y en seco,
la estabilidad estructural, el Valor n y la fitomasa subterranea. También,
se evaluaron el indice de calidad del suelo y el carbono organico
almacenado en el suelo. El pastizal silvopastoril durante los primeros
12 afios de produccion continua tuvo cobertura vegetal superior a
95 %, 6 y 9 plantas m* de guinea, 4 y 6 t MS ha'' y mejora paulatina de la
fertilidad del suelo, con predominio de agregados en humedo entre 1 y
5 mm, con valores entre 25y 58 %. A partir de los 14 afios de produccion,
no tuvo diferencias en el comportamiento de los indicadores, lo que
evidencid su estabilidad y el equilibrio en el sistema suelo-planta.
En la mezcla de leguminosas con gramineas a partir de los 12 afios
de explotacion disminuy6 glycine, pero se recuperd el porcentaje de
leguminosas total, que se caracterizaron por tener mayor predominio
en la época poco lluviosa. Ambos pastizales tuvieron buena calidad
del suelo, aumentaron el carbono organico almacenado en el suelo y
mantuvieron estabilidad productiva y ecologica. Se presentan tablas de
confianza para los indicadores, que podran servir en la investigacion,
la docencia y la produccion, como herramientas confiables y sensibles
que sirvan para revelar cambios en los pastizales.

Palabras clave: asociaciones gramineas-leguminosas, suelo,
ganaderia, sostenibilidad

Las leguminosas forrajeras han incrementado su
presencia en la produccion ganadera tropical. Esto se
debe, fundamentalmente a sus bondades, entre las que
figura su contribucion a la fijacion biologica del nitrégeno
atmosférico en el suelo, la rapida descomposicion de su
material vegetal y su aporte proteico a la dieta animal
(Olivares-Pérez 2011).

Estas caracteristicas, unido a su alta plasticidad,
su diverso porte y las disimiles curvas de crecimiento
que identifican a cada especie, permiten que se utilicen
en amplio rango de regiones edafoclimaticas y en
tecnologias que las potencian como pasto o forraje
principal, ya sea en sistemas silvopastoriles u otros, en
los que el estrato herbaceo es la asociacion equilibrada
de gramineas y leguminosas (Boschi et al. 2016).
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There are no long-term studies that allow
explaining their effect on biomass production and
soil dynamics, as well as their potential for grass
persistence in various livestock technologies.
Therefore, the objective of this study was to evaluate
the ecological and productive impact of the use of
legumes in tropical grasslands with more than 15
years of continuous explotation.

Materials and methods

The study was conducted between 2002 and 2015 at
the Instituto de Ciencia Animal located in Mayabeque,
Cuba. Two grasslands were evaluated:

a) silvopastoral based on Leucaena leucocephala
(Lam.) De Wit cv. Peru / Megathyrsus maximus Jacq.
in Ferralitic red hydrated soil (Ferralsol) with six
exlotation years at the beginning of the evaluation.
The cattle were constituted by Holstein, Siboney and
crossbred cows. The average animal stocking rate was
2.7 UGM ha'! during the first 10 exlotation years up to
1.8 UGM ha'! in the last five years. The rotation time was
every 57 and 28 days average, in the dry and rainy season,
respectively.

b) mixture of herbaceous legumes (Stylosanthes
spp. (styosanthes), Desmodium spp.(desmodio),
Pueraria phaseoloides (kudzu), Macroptilium
atropurpureum (siratro) and Neonotonia wightii
(glycine) with grass (Cynodon sp.) in Fersialitic
reddish brown soil (Inceptisol) with nine years at the
beginning of the evaluation. During the first eight
years of study maintained the animal stocking rate
of 2 animals ha'!, and the cattle were of Cebu and
Charol breeds. The mean duration of each fattening
was 65 days, with an initial average weight of
214 kg and a final average weight of 270 kg, which
led to an average gain of 861 g animal'day'.

During the dry season the grassland had 10 days
of stay and 49 days of rest, while in the rainy season
it had 7 days of stay and 49 days of rest, for a total
of 6 rotations per year. Since 2012, it had irregular
grazing until it completely stop in 2014.

Soils were classified according to Hernandez et al.
(2015) and correlated with Soil Survey Staft (2010).

During the first three years, many indicators of the
soil-grass system were determined to select those with
higher weight in the variability of the system that allowed
the efficient monitoring of each grassland.

From the vegetation were measured between 38
and 50 indicators, according to the existing vegetation
and its growth characteristics. Among them, there
were the botanical composition, density and species
frequency, height, biomass availability, death and
appearance of species and chemical composition of
the grass (table 1).

A total of seventy soil indicators were evaluated
for depth ranging from 0 to 15 cm, including texture,
structure, resistance to penetration, Value n, humidity,
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No existen estudios prolongados que permitan
dilucidar el efecto de las leguminosas forrajeras en la
produccion de biomasa y la dindmica edéfica, asi como
sus posibilidades de persistencia como pasto base en
diversas tecnologias ganaderas. Por ello, el objetivo de
este estudio fue evaluar el efecto ecoldgico y productivo
del uso de leguminosas en pastizales tropicales con mas
de 15 afios de produccion continua.

Materiales y Métodos

El estudio se realizo entre 2002 y 2015 en el Instituto
de Ciencia Animal, ubicado en Mayabeque, Cuba. Se
evaluaron dos pastizales:

a) Silvopastoril, basado en Leucaena leucocephala
(Lam.) De Wit vc. Pert / Megathyrsus maximus Jacq.
en suelo ferralitico rojo hidratado (ferralsol) con seis
afios de produccion al inicio de la evaluacion. El ganado
estuvo constituido por vacas de raza Holstein, Siboney
y mestizo. La carga animal promedio fue de 2.7 UGM
ha'! durante los primeros 10 afios de produccion hasta
1.8 UGM ha'! en los ultimos cinco afos. El tiempo de
rotacion fue cada 57 y 28 d promedio, en la época poco
lluviosa y lluviosa, respectivamente.

b) Mezcla de leguminosas herbaceas (Stylosanthes
spp. (stylosanthes), Desmodium spp. (desmodio),
Pueraria phaseoloides (kudz0), Macroptilium
atropurpureum (siratro) y Neonotonia wightii (glycine)
con graminea (Cynodon sp.) en suelo fersialitico
pardo rojizo (Inceptisol) con nueve afios al inicio de la
evaluacion. Durante los primeros ocho afos de estudio,
mantuvo la carga animal de dos animales ha'!, y el
ganado fue de las razas Ceb0l y Charol. La duracion
media de cada ceba fue de 65 d, con peso promedio
inicial de 214kg y peso promedio final de 270 kg. Esto
conllevo a ganancia media de 861g animal'dia.

Durante el periodo poco lluvioso, el pastizal tuvo 10 d
de estancia y 49 d de reposo, mientras que en el lluvioso
tuvo 7 d de estancia y 49 d de reposo, para un total de 6
rotaciones por afio. A partir del afio 2012, tuvo pastoreo
irregular hasta que ces6 completamente en 2014.

Los suelos se clasificaron segun Hernandez et al.
(2015) y se correlacionaron con Soil Survey Staff (2010).

Durante los tres primeros afios, se determinaron
numerosos indicadores del complejo suelo-pasto, para
seleccionar aquellos con mayor peso en la variabilidad
del sistema, que permitieran realizar el seguimiento
eficiente de cada pastizal.

De la vegetacion, se midieron entre 38 y 50
indicadores, segiin la vegetacidon existente y sus
caracteristicas de crecimiento. Entre ellos, estuvieron la
composicion botanica, la densidad y frecuencia de las
especies, la altura, la disponibilidad de biomasa, muerte
y aparicion de especies y la composicion quimica del
pasto (tabla 1).

Se determinaron 70 indicadores del suelo, evaluados
para la profundidad de 0 a 15 cm. Entre ellos estuvieron
textura, estructura, resistencia a la penetracion, valor n,
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Tabla 1. Indicators evaluated in vegetation and grasslands soil

Indicators

Vegetatives

Edaphics

Botanical composition (t’ Mannetje and Haydock
1963)

Availability of biomass (Haydock and Shaw
(1975)

Grass height (cm)

Chemical composition (AOAC 1995)
Frequency of appearance ; density per specie;

plant coverage and bare soil; and appearance and
death of species (Huss ef al. 1996)
e Rooting points
e In growth species on bunches was measured (P,
maximum):
» Plants m?
» Diameter of bunches
»  Number of living tillers
» Number of dead tillers
» Leaf width
» Leaflength
o In L. leucocephala:
»  Height
»  Stem diameter
»  Top diameter
»  Number of branches
»  Density per hectare

Biodiversity (N, E, S, H*). Anon (2001)

Physical

Texture (Martin andCabrera, 1987b)

Structural stability and structure coefficient in
humid, (Kaurichev, 1984) Structure coefficient in
dry(Mbagwu et al. 1983)

Distribution of aggregates in dry and humid (Martin
and Cabrera 1987a)

Structure coefficient in humid (SC) and in dry (K).
Microstructure (Martin and Cabrera 1987c¢)
Compactation (Penetrometer)

Natural humudity (gravimetric) and hygroscopic
humidity Martin and Cabrera 1987¢)

Value n (Alonso 1997)

Plasticity index, lower plasticity limit and higher limit
(Martin and Cabrera 1987d)

Chemicals:

N (AOAC 1995)

P (Oniani 1964)

Ca and Mg (Maslova, cited by Paneque 1965)
pH in chloride (potentiometric)

Organic matter (Walkley and Black 1934)

Biological :

Composition and biomass of the mesofauna (Fjellberg,
1998) and macrofauna (Springett 1981)
Underground phytomass (Hernandez 1999)

pH, organic matter, nutrient content, underground
phytomass, mesofauna and macrofauna. The physical and
chemical indicators of the soil were annually measured
when the rainy season stabilized. The biological ones,
for both soil and vegetation, were evaluated twice by
climatic season.

Subsequently, three evaluations were carried out
in 2005, 2010 and 2015 to provide continuity of
the study, where only the indicators selected in the
grasslands were used to determine the state of the soil-
plant system. In addition, the soil quality index was
determined according to Shepherd et al. (2006) which
is determined from the visual evaluation of texture,
structure, consistency, porosity, color, mottling, worm
content, root depth, erosion and other characteristics.
The carbon stored in the soil (CSS) was also determined
according to McVay and Rice (2002) and Miranda et
al. 2007.

The analysis for the selection of indicators was
carried out using the main components analysis
methodology (Visauta 1998). Those indicators with
preponderance values higher than + 0.78 and that were
located in the components that explained at least 65 % of
the accumulated variance were selected. These indicators
were analyzed by linear variance for the first three years
(2002, 2003 and 2004) and from the best value based on
their biological interpretation; the confidence interval
for the 95 % probability was calculated and used as a

humedad, pH, materia organica, contenido de nutrientes,
fitomasa subterranea, mesofauna y macrofauna. Los
indicadores fisicos y quimicos del suelo se midieron
anualmente, al estabilizarse la época lluviosa. Los
biologicos, para el suelo como para la vegetacion, se
evaluaron dos veces por estacion climatica.

Posteriormente, se realizaron tres evaluaciones en
2005, 2010 y 2015 para dar continuidad al estudio. Se
utilizaron para ello solo los indicadores seleccionados en
los pastizales para determinar el estado del sistema suelo-
planta. Ademas, se determiné el indice de calidad de
suelo segun Shepherd e al. (2006), el que se determina
a partir de la evaluacion visual de la textura, estructura,
consistencia, porosidad, color, moteaduras, contenido
de lombrices, profundidad de las raices, erosion, y
otras caracteristicas. También, se determino el carbono
almacenado en el suelo (CAS), seguin McVay y Rice
(2002) y Miranda et al. (2007).

El analisis para la seleccion de indicadores se realizo
mediante la metodologia analisis de componentes
principales (Visauta 1998). Se seleccionaron aquellos
indicadores con valores de preponderancia mayores a +
0.78, que estuvieran ubicados en las componentes que
explicaron, al menos, 65 % de la varianza acumulada.
A estos indicadores se les realizo analisis de varianza
lineal para los tres primeros afios (2002, 2003 y 2004).
A partir del mejor valor basado en su interpretacion
biologica se le calculd el rango de confianza para 95 %
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reference to determine the stability of each grassland.
In the five-year follow-up (2005, 2010 and 2015), the
data of the indicators were analyzed by linear variance
between the evaluated years. The statistical package
InfoStat (2008) was used and the variance analyzes and
means were compared by Duncan (1955) test.

Results and discussion

The multivariate analysis showed that vegetation
variance in grasslands was fundamentally described
by five main components, which together explained
between 80 and 84 % of the variability. Of the total
of evaluated indicators, 7 to 9 were selected, some
of which were reiterated in the two grasslands. Plant
coverage, grass density, botanical composition and
biomass availability were the most frequent (table 2).

The selected indicators coincided with those
proposed by Quifidonez et al. (2004), who pointed out
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de probabilidad, que sirvié de referencia para determinar
la estabilidad de cada pastizal. En el seguimiento
quinquenal posterior (2005,2010y 2015), a los datos de
los indicadores se le realizé analisis de varianza lineal
entre los afios evaluados. Se utilizé el paquete estadistico
InfoStat (2008) para los analisis de varianzas sy las
medias se compararon por Duncan (1955).

Resultados y Discusion

El analisis multivariado mostr6 que la varianza
de la vegetacion en los pastizales estuvo descrita,
fundamentalmente, por cinco componentes principales,
que en su conjunto explicaron entre 80 y 84 % de
la variabilidad. Del total de indicadores evaluados
se seleccionaron entre 7 y 9, algunos de estos se
reiteraron en los dos pastizales. La cobertura vegetal,
la densidad del pasto base, la composicion botanica
y la disponibilidad de biomasa fueron los que mas se

Tabla 2. Selected vegetation indicators in each grassland, their performance and range of confidence values
calculated for 95% probability during the first three years of the study.

Grassland Indicator Season Year * SI.E and Ccv
2002 2003 2004 sign

Density of guinea Dry 5.8 6.3° 928 (.05%%* 8.6-9.5

s grass (plantas m) Rainy 6.1b 6.4° 780 0.04%%% 7990
‘% Plant coverage (%) Dry 94.6° 95.3° 99.5¢  0.02%* 99.4 -99.6
? Rainy 97.3° 97.0° 99.4*  0.03** 99.5-99.6

%) Total biomass availability Dry 4.3° 5.8¢ 4.1°  0.03%* 54-6.3

(t DM ha') Rainy 6.2 6.6 6.4  0.07 6.0-7.1
= Density of glycine Dry 11.2° 25.2¢ 23.6*  0.02*** 222-228
% k= (plants m?) Rainy  253c 345 36.4°  0.02%%* 342346
3 ; % Legumes (%) Dry 80.1°  82.3¢ 59.8°  0.08%%* 832833
o E§ Rainy 823 756 763 0.12 82.2 - 82.3
% 2 Grasses (%) Dry 10.0° 15.2° 44.8*  0.1%** 10.7-10.8
= Rainy 145  20.1 19.8 0.1 14.7 - 148

% p<0.001; ** p< 0.01

Means with different letters between rows differ significantly P< 0.05 (Duncan 1955)

that these may be the reflection of the effect of grazing
management on the abundance and development of
plant species. During the first three years (table 1),
which were used as a baseline for monitoring the effect
of management on the performance of each grassland,
it was observed that in the silvopastoral grassland
the guinea grass density as grass, plant coverage and
biomass availability increased significantly between
years, with values that showed productive stability in
correspondence with the potentialities of grasses and
forages and showed the efficiency in the management
(Lok 2010). The performance of these indicators
was defined mainly by the gradual increase of M.
maximus density, which showed a rise between years
in the dry season. This grass reaches 9.2 plants m?,
while in the rainy season decreased to 7.8 plants m™
influenced by the intense drought of this year. These

repitieron (tabla 2).

Los indicadores seleccionados coincidieron con los
propuestos por Quifidnez et al. (2004), quienes seialaron
que estos pueden ser el reflejo del efecto del manejo del
pastoreo en la abundancia y desarrollo de las especies
vegetales. Durante los tres primeros afios (tabla 1), que
sirvieron como linea base para el seguimiento del efecto del
manejo en el comportamiento de cada pastizal, se observo
que en el pastizal silvopastoril la densidad de guinea como
pasto base, la cobertura vegetal y la disponibilidad de
biomasa se incrementaron significativamente entre afios,
con valores que evidenciaron estabilidad productiva en
correspondencia con las potencialidades de los pastos y
forrajes presentes y mostraron la eficiencia en el manejo
(Lok 2010). El comportamiento de estos indicadores se
definio, principalmente, por el incremento paulatino de la
densidad de M. maximus, que manifest6 ascenso entre anos



Cuban Journal of Agricultural Science, Volume 51, Number 2, 2017.

results indicated that it was possible to positively
potentiate the guinea grass site in the system as grass
in both seasons, which was positive to maintain the
productive stability of grazing. While, the legume
mixture grassland showed increases in glycine density
with respect to the first year and reached values
between 23 and 25 plants m™? with no significant
differences between 2003 and 2004.This showed
that this plant under these edaphoclimatic conditions
and animal management had predominance and
persistence with respect to other legumes of the initial
mixture. In addition, when analyzing the percentage
of total legumes it was observed that these decreased
in time but maintained values higher than 60 %.This
indicated that legumes prevailed in the association
with grasses after 11 years of continuous explotation
in the pre-fattening of cattle. This result showed that
herbaceous legumes with adequate management may
persist in grazing.

The ranges of confidence values obtained (table 2 and
table 4) were use as a reference to indicate the stability
state of each grassland, according to the biological
interpretation of productivity and the condition of soil
quality that was determined according to the potential
of the soil-grass systems analyzed. This was the basis
of later interpretations of grassland performance and the
impact of legumes on this one.

The second stage of vegetation evaluation in the
silvopastoral grassland (table 3) showed that, from the
14 years of continuous explotation, values that indicated
productive stability in the grassland until the 19 years
were maintained, according to the range of values
obtained in the first stage of the research.

The guinea grass density stabilized, around 8.3
plants m? in the dry season and around 9.0 plants m™
for the rainy season. The vegetation coverage had the
lowest value with 19 years, but above 95 % for both
seasons. This one, according to Murgueitio (2015) is an
adequate value in these systems in which pruning is an
indispensable resource to achieve the adequate biomass
production, which was already necessary in the last
evaluation and could be the factor that determined the
decrease of this indicator.

However, the availability of biomass showed
stability with values close to 6.0 t DM ha’!, regardless
of the seasonal period.

The grassland with herbaceous legumes mixture
showed persistence of these plants, with decrease of
glycine but increase of other legumes of the initial
mixture as kudz and centrocema. The increase of
these ones with the increase of the production time
was related to the change in the management, which
lowered the pressure of grazing and increased the rest
time until it was stopped using stable for grazing in
the year 2012.

The values obtained in this study in terms of legumes
percentage are higher than those reported by Roca ef al.

265

en la época poco lluviosa. Esta graminea llega alcanzar
9.2 plantas m*, mientras que en el periodo lluvioso
disminuy¢ hasta 7.8 plantas m? en lo que influyo la intensa
sequia de este afio. Estos resultados indicaron que se logro
potenciar positivamente el lugar de la guinea en el sistema,
como pasto base en ambos periodos estacionales, lo que
fue provechoso para mantener la estabilidad productiva
del silvopastoreo. Mientras, el pastizal con mezcla de
leguminosas mostr6 incrementos en la densidad de glycine
con respecto al primer afio y alcanzé valores entre 23 y
25 plantas m™ sin diferencias significativas entre 2003
y 2004. Esto indic6 que esta planta en esas condiciones
edafoclimaticas y de manejo animal tuvo predominio y
persistencia con respecto a otras leguminosas de la mezcla
inicial. Ademas, al analizar el porcentaje de leguminosas
total se observo que estas disminuyeron en el tiempo,
pero mantuvieron valores superiores a 60 %. Esto indic6
que las leguminosas prevalecieron en la asociacion con
las gramineas después de 11 afios de produccion continua
en la preceba de ganado. Este resultado reveld que las
leguminosas herbaceas con adecuado manejo pueden
persistir en pastoreo.

Los rangos de valores de confianza obtenidos (tabla
2 y tabla 4) sirvieron de referencia para indicar el estado
de estabilidad de cada pastizal, segun la interpretacion
biologica de la productividad y la condicion de calidad del
suelo, determinada en funcion de las potencialidades de
los sistemas suelo-pasto analizados. Esta fue la base de las
interpretaciones posteriores acerca del comportamiento
de los pastizales y el impacto de las leguminosas en ellos.

La segunda etapa de evaluacion de la vegetacion en el
pastizal silvopastoril (tabla 3) indicé que, a partir de los
14 afos de produccion continua, se mantuvieron valores
que indicaron estabilidad productiva en el pastizal hasta
los 19 anos, de acuerdo con el rango de valores obtenidos
en la primera etapa de la investigacion.

Ladensidad de guinea se estabilizo, aproximadamente,
de 8,3 plantas m? en la época poco lluviosa a 9.0 plantas
m? para la lluviosa. La cobertura vegetal alcanzé el
menor valor con 19 afios, aunque por encima de 95 %
para ambas épocas. Este, segtin Murgueitio (2015) es un
valor adecuado en estos sistemas en los que la poda es un
recurso indispensable para lograr la adecuada produccion
de biomasa, que era ya necesaria en la tiltima evaluacion,
y pudo ser el factor que determiné la disminucion de
este indicador.

Sin embargo, la disponibilidad de biomasa manifesto
estabilidad, con valores muy cercanos a 6.0 t MS ha'!
independientemente de la época estacional.

El pastizal con mezcla de leguminosas herbaceas
mostrd persistencia de estas plantas, con disminucion
de glycine pero incremento de otras leguminosas de la
mezcla inicial como kudzi y centrocema. El aumento
de estas con el incremento del tiempo de produccion se
relaciond al cambio en el manejo, el que bajo la presion
de pastoreo e incremento el tiempo de reposo hasta que
se dejo de usar establemente para pastoreo en el afio



266

Cuban Journal of Agricultural Science, Volume 51, Number 2, 2017.

Tabla 3. Performance of the selected vegetation indicators in each grassland, during the systematic

monitoring.
Grassland Indicator Season Year - S].E
2005 2010 2015 andsign
Production time, years 9 14 19
Silvopastoral Density of guinea Dry 9.6 8.5° 8.3% 0.05%%*
grass (plants m?)
Rainy 10.2¢ 9.1° 9.0 0.03%**
Plant coverage Dry 99.0? 97.2°b 95.2¢ 0.11%**
(%) Rainy  99.4° 98.2b 97.1b 0.03%*
Total biomass Dry 6.4 5.7° 6.0° 0.01%**
availability Rainy ~ 7.2° 6.7° 6.4° 0.10%%%
(tMS ha')
Production time, years 12 17 22
Mixture of creeping Density of glycine  Dry 23.6° 20.1° 18.2¢ 0.34%**
legumes with grasses (plants m) Rainy 36.4° 33.00 30.0° 0.2] %%
Legumes (%) Dry 55.7° 60.2° 69.0? 0.08%**
Rainy  65.3° 72.3 80.1° 0.12%%*
Grasses (%) Dry 44 .32 34.2° 28.5¢ 0.35%%*%*
Rainy 19.8 21.5 18.3 0.5

5% p<0.001; ** p< 0.01

Means with different letters between rows differ significantly P< 0.05 (Duncan 1955)

(2014), who, when associating grasses with legumes
after three years reached percentages between 39 and
27 % of these species (Centrosema, Desmodium,
Galactia, Macroptilium and Teramnus), whith positive
influence (P <0.05) on total daily milk yields and in
the indicators of production/cow/day and per ha/day,
higher than 8.0 kg of milk. Ménendez et al. (1993) in
studies performed on 15 grasslands with association
of grasses and legumes found that the percentages of
legumes decrease in time due to overgrazing in the dry
season, due to the stocking rate and occupation time that
prevent the establishment of new rooting points and the
development of new plants.

The soil indicators selected in each grassland and
the ranges of confidence values that indicated stability
during the first three years of study are shown in table 4.
From the 76 indicators determined in the soil, between
6 and 9 were selected, in which the distribution of
aggregates in dry and humid conditions, structural
stability, Value n, underground phytomass, macrofauna
and mesofauna were reiterated to explain the variability.
When performing similar studies, Borrelli ef al. (2013)
and Ferreras et al. (2004) stated that agro -physical
indicators are the soil variables that have higher weight
in temporal and spatial variability, a statement that agrees
with the results of our research. In both grasslands the
performance of the indicators showed the improvement
of soil fertility and showed the stability of this component
of the system.

In the subsequent monitoring of the selected indicators
(table 5) it was observed that, in general, both grasslands
remained stable, with adequate edaphic conditions. In

2012.

Los valores obtenidos en este trabajo en cuanto a
porcentaje de leguminosas son superiores a los reportados
por Roca ef al. (2014) quienes al asociar gramineas con
leguminosas después de tres afios lograron porcentajes
entre 39y 27 % de esas especies (Centrosema, Desmodium,
Galactia, Macroptilium y Teramnus), los que influyeron
positivamente (P <0,05) en los rendimientos totales diarios
de leche y en los indicadores de produccion/vaca/dia y por
ha/dia, superiores a 8,0 kg de leche. Ménendez et al. (1993)
en estudios realizados en 15 pastizales con asociacion de
gramineas y leguminosas encontraron que los porcentajes
de leguminosas decrecen en el tiempo por el sobrepastoreo
en la época seca, debido a la carga y el tiempo de ocupacion
que impiden el establecimiento de nuevos puntos de
enraizamiento y el desarrollo de nuevas plantas.

Los indicadores edaficos seleccionados en cada
pastizal y los rangos de valores de confianza, que
indicaron estabilidad durante los tres primeros afios de
estudio, se muestran en la tabla 4. De los 76 indicadores
determinados en el suelo, se seleccionaron entre 6 y 9,
en los que la distribucion de agregados en hiimedo y en
seco, la estabilidad estructural, el Valor n, la fitomasa
subterranea, la macrofauna y la mesofauna se reiteraron
para explicar la variabilidad. Al realizar estudios similares,
Borrelli et al. (2013) y Ferreras et al. (2004) plantearon que
los indicadores agrofisicos constituyen las variables del
suelo que tienen mayor peso en la variabilidad temporal y
espacial, aseveracion que coincide con los resultados de esta
investigacion. En ambos pastizales, el comportamiento de
los indicadores manifestd mejora de la fertilidad del suelo
y mostro la estabilidad de este componente del sistema.
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Table 4. Edaphic indicators selected in each grassland, their performance and range of confidence values calculated
for 95% of probability during the first three years of the study

Y
Grassland Indicator Season o * S].E And CV
2002 2003 2004 sign
Distribution of aggregates in 038 054 0.79  0.03*** 587-589
humid from 1 to 5 mm (%) (25.1)  (39.8) (58.5)
£ Distribution of aggregates in dry 0.66 044" 035 0.06%** 203-20.5
g > 10 mm (%) (37.8) (252)  (20.4)
2 Valuen 032" 031" 026 001* 024028
2 Underground phytomasss Dry 041 062" 071 0.04%*  0.64-0.79
b a a
from 35 to 42 cm Rainy 039  0.68 0.70  0.04***  0.62-0.78
(g 100 cm™)
. Plasticity index (%) 2710 202" 233 1.07%  37.6379
Q
% Distribution of aggregates in 18.02  15.47 20.05 0.08 18.3-18.4
5w & humid froml to 2 mm (%) (8.1) (10.0)  (18.5)
E ‘22 Penetration resistance from 20 1.58" 1.58 0.96° 0.09%** 0.78-1.13
8'E
B g -~ to 30 cm (Mpa)
= E  Underground phytomass Dry 047 048 072" 0.04***  0.62-0.78
b b a
& from35to42cm Rainy 036  0.40 0.66  0.03%%*  0.59-0.72
(g 100 cm™)

*** p<0.001; ** p< 0.01
() Original means; data transformed according to ' X

Means with different letters between rows differ significantly P< 0.05 (Duncan 1955)

CV: Confidence values

the silvopastoral there was a tendency from 2010 (14
years in explotation), to decrease the indicators values,
but to remain without significant differences between
them and with adequate fertility values. The creeping
legume mixture had not differences for the years 2005
and 2010 (12 and 17 years) but in 2015 with 22 years
of explotation showed significant improvements in
penetration resistance and in underground phytomass.
This should have been related to the fact that, since
2012, the grassland stopped having stable grazing
and was practically at rest. This seems to positively
influence on the performance and health of the soil,
although it has lost the efficiency of the use of grassland
for animal production.

According to Shepherd et al. 2006 the evaluation
of the soil quality is good when the soil quality index
has a value higher than 30. Figure 1 shows that the two
grasslands had higher values, which indicated that both
agricultural management guarantees the stability of the
soil fertility. This index is a reflection of the physical
properties of the soil, which directly affect the efficiency
and sustainability of the grass and the soil-plant system.
The silvopastoral tended to decrease after 14 years of
exploitation, which was attributed to the lack of pruning,
as a regulating element of the shade. Consequently, the
excess of shade could be the cause of the decrease of the
vegetal coverage and the availability of biomass found.

The carbon stored in the soil is directly dependent
on soil organic matter and apparent density, so as these
indicators improve, the CSS will also improve. In both

En el seguimiento posterior de los indicadores
seleccionados (tabla 5) se observd que, generalmente,
ambos pastizales continuaron estables, con adecuadas
condiciones edaficas. En el silvopastoril a partir de 2010
hubo tendencia (14 afios en produccion) a disminuir
los valores de los indicadores, pero mantenerse
sin diferencias significativas entre si y con valores
adecuados de fertilidad. La mezcla de leguminosas
rastreras no tuvo diferencias para 2005y 2010 (12 y 17
aflos), pero en 2015 con 22 afios de produccion mostro
mejoras significativas en la resistencia a la penetracion y
en la fitomasa subterranea. Esto debi estar relacionado
con que a partir de 2012 el pastizal dejo de tener pastoreo
estable y quedd practicamente en reposo. Esto parecio
influir positivamente en el comportamiento y salud del
suelo, aunque haya perdido la eficiencia del uso del
pastizal para la produccién animal.

Segun Shepherd et al. (2006), la evaluacion de la
calidad del suelo es buena cuando su indice de calidad
posee valor superior a 30. En la figura 1, se muestra que
los dos pastizales tuvieron valores superiores, lo que
indicé que ambos manejos agropecuarios garantizan
la estabilidad de la fertilidad. Este indice es el reflejo
de las propiedades fisicas del suelo, que repercuten
directamente en la eficiencia y sostenibilidad del pasto
y del sistema suelo-planta. El silvopastoril tendio a
disminuir después de los 14 afios de explotacion, lo que
se adjudico a la falta de poda, como elemento regulador
de la sombra. Consiguientemente, el exceso de sombra
pudo ser la causa de la disminucioén de la cobertura
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Tabla 5. Performance of the edaphic indicators selected in each grassland, during the systematic monitoring.

Grassland Indicator Season Year * S].E and
2005 2010 2015 s1gn
Production time , years 9 14 19
Distribution of aggregates in humid 0.812 0.64° 0.65 0.03 **
Tg from 1 to 5 mm (%) (59.6) (49.8) (47.2)
2 Distribution of aggregates in dry 0.3 0.37 0.30 0.21
§~ > 10 mm (%) (20.4) (23.2) (0.18)
= Value n 0362 0.29° 0300 0.01 **
Underground phytomass from Dry 0.68% 0.63’b 0.61b 0.01 **
35t042 cm (100 cm?)  Rainy 0.59° 050 051> 0.02%
. Production time , years 12 17 22
i 8 Plasticity index (%) 23.6 229 23.1 0.32
£ £ Distribution of aggregates in humid 21000 19.68° 18320  0.08*
g = from 1 to 2 mm (%) (19.8) (18.0) (17.2)
B Penetration resistance from 20 0.96% 1.00? 0.840 0.09%*
% é to 30 cm (Mpa)
= Underground phytomass from Dry 0.72% 0.65b 0.78% 0.04***
= 351042 cm (100 cm?)  Rainy 0.60° 0582 0697 0.03%

**%* p<0.001; ** p<0.01

() Original means; data transformed according to V X
Means with different letters between rows differ significantly P< 0.05 (Duncan 1955)

systems the management tended to progress, had its
highest variation and weight in the depth of 0 to 15 cm,
but the silvopastoral from the 14 years of explotation
had no differences, while the mixture showed a gradual
increase between years of explotation. These differences
in the performance of soil quality index and CSS, as
well as the type of grassland, soil type and management
established by each technology, were highlighted
because the silvopastoral grassland maintained its
stable management, but in the legume mixture from
2012 the grazing was irregular and the area began to be
practically in fallow, which was inefficient for livestock
production, but benefited the ecological restoration of
the area (figures 1 and 2).

It is concluded that grasslands based on the use of
forage legumes can contribute favorably to the stability
of the soil-grass system in tropical regions. These
grasslands can persist for long periods of time, with
adequate biomass production and improved soil fertility,
provided they are managed with the correct technological
discipline.

vegetal y la disponibilidad de biomasa constatadas.

El carbono almacenado en el suelo esta directamente
en funcidon de la materia organica del suelo y la
densidad aparente, por lo que en la medida que estos
indicadores mejoren, también el CAS mejorara. En
ambos sistemas, el manejo tendié al progreso, tuvo
su mayor variacion y peso en la profundidad de 0 a
15 cm, pero el silvopastoril a partir de los 14 afios de
produccion no tuvo diferencias, mientras que la mezcla
manifestd incremento sostenido paulatino entre afios
produccion. Estas diferencias en el comportamiento
del indice de calidad del suelo y el CAS, ademas de
por el tipo de pastizal, el tipo de suelo y el manejo
que establece cada tecnologia, estuvieron remarcadas
porque el pastizal silvopastoril mantuvo su manejo
estable, pero en la mezcla de leguminosas a partir de
2012 el pastoreo fue irregular y el area comenzo a estar
practicamente en barbecho, lo que fue ineficiente para
la produccion ganadera, pero beneficio la restauracion
ecologica del area (figuras 1y 2)

Se concluye que los pastizales basados en el
uso de leguminosas forrajeras pueden contribuir
favorablemente a la estabilidad del sistema suelo-pasto
en regiones tropicales. Estos pastizales pueden persistir
durante largos periodos de tiempo, con adecuada
produccion de biomasa y mejora de la fertilidad del
suelo, siempre que se manejen con la correcta disciplina
tecnologica.
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Figure 1. Soil quality index according to Shepherd ef al. Figure 2. Performance of the CSS.
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