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Review Article

Stylosanthes guianensis CIAT 184 — review of a tropical forage
legume*

Stylosanthes guianensis CIAT 184 — reseria de una leguminosa forrajera
tropical

RAINER SCHULTZE-KRAFT!, YANG HUBIAO? TANG JUN? AND LIU GUODAO?

Unternational Center for Tropical Agriculture (CIAT), Cali, Colombia. alliancebioversityciat.org
*Tropical Crops Genetic Resources Institute (TCGRI), Chinese Academy of Tropical Agricultural Sciences (CATAS),
Danzhou, Hainan, PR China. catas.cn

Abstract

A comprehensive review, based on about 180 references, synthesizing research and development about
Stylosanthes guianensis accession CIAT 184 is presented. This genotype has been widely tested across the tropics
and was developed into commercial cultivars in several countries. Agronomic evaluations in a range of disciplines
and other research in numerous countries of tropical America, Africa, Southeast Asia and China, and utilization of
the legume by farmers are reported. CIAT 184 is particularly successful in southern China, where it gave origin to 5
cultivars. Its outstanding feature is an apparently durable tolerance of the fungal disease, anthracnose (Colletotrichum
gloeosporioides), throughout the tropics, with exception of the savanna ecozone in tropical America. Further assets
include adaptation to acid, infertile soils, drought tolerance and high production of nutritious dry matter that can be
used as traditional forage for ruminants and as leaf meal or pellets to feed monogastrics. CIAT 184 has also found
application for soil conservation and improvement (such as erosion control, mulch and green manure), alone or in
association with crops and trees. Published work dealing with basic research, mainly conducted in China, is presented.
The review concludes with a brief discussion on the current adoption of CIAT 184 and with suggestions regarding
future perspectives and research needs.

Keywords: Adoption, anthracnose, multilocational evaluation, multipurpose use, research, stylo.
Resumen

Se presenta una resefia, basada en algo mas de 180 trabajos publicados, sobre la leguminosa Stylosanthes guianensis CIAT
184, un genotipo ampliamente investigado a través del tropico y del cual se desarrollaron cultivares comerciales en varios
paises. Se sintetizan los resultados de evaluaciones y otras investigaciones realizadas en numerosos paises de América
tropical, Africa, el sudeste asiatico y en China, y se informa sobre los diferentes usos de la leguminosa en los sistemas
de produccion agricola. CIAT 184 es particularmente exitoso en el sur de China donde dio origen a cinco cultivares. Su
caracteristica sobresaliente es la aparentemente duradera tolerancia a la antracnosis (causada por el hongo Colletotrichum
gloeosporioides) a través del tropico, con excepcion de la ecozona ‘sabana’ en América tropical. La adaptacion a suelos
acidos y de baja fertilidad, la tolerancia a sequia y la alta produccion de nutritiva materia seca son otras caracteristicas
destacadas del CIAT 184, junto con su potencial para usos distintos al de forraje para rumiantes, como la produccion de
harina foliar peletizada para monogastricos. Otros usos son para la conservacion y el mejoramiento del suelo (control de
erosion, mulch, abono verde), solo o en asociacion con cultivos y/o arboles. Se presenta una serie de publicaciones sobre

*Dedicated to the memory of two eminent pioneers of Stylosanthes research: Dr Bert Grof and Dr Bai Changjun.

Correspondence: R. Schultze-Kraft, International Center for
Tropical Agriculture (CIAT), Cali, Colombia.
Email: r.schultzekraft@cgiar.org
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investigacion basica, conducida especialmente en China. La resefia concluye con una breve discusion de la adopcion del
CIAT 184 y con sugerencias sobre perspectivas futuras y necesidades de investigacion.

Palabras clave: Adopcion, antracnosis, evaluacion multilocacional, investigacion, stylo, uso multiproposito.

Introduction and background

Stylosanthes Sw. [family Fabaceae (alt. Leguminosae))
is a mainly neotropical genus with currently 40 species
accepted by the taxonomy of the Germplasm Resources
Information Network (GRIN) of the US National
Plant Germplasm System (GRIN 2023). Since many
Stylosanthes species are found on infertile soils and
tolerate drought, the genus, often referred to as ‘stylo’,
has been attracting the attention of tropical forage legume
researchers since the 1930s (Burt and Miller 1975).

Owing to its yield potential, a species of particular
interest has been S. guianensis (Aubl) Sw., better
known up to the late 1960s by practitioners under
the name of S. gracilis (Tuley 1968; Audru 1971). In
addition to var. guianensis, 5 botanical varieties are
recognized in this species by GRIN taxonomy (GRIN
2023). When no botanical variety is mentioned in this
paper, ‘S. guianensis’ always refers to S. guianensis
var. guianensis.

S. guianensis has a wide natural distribution ranging
from latitude 23° N in Mexico to 27° S in Argentina
(Williams et al. 1984) and exhibits a particularly
wide morphological diversity (Costa 2006). Wild
populations are mostly found on well-drained, low
to medium fertility soils at low to medium elevations
(10-1,700 masl, occasionally higher), mainly in regions
with wet-subhumid climate'. Research for cultivar
development and use of S. guianensis, until the mid
1970s an essentially Australian activity, is documented
in the scientific literature. Compilations can be found in
4 key books: Burt et al. (1983); Stace and Edye (1984); de
Leeuw etal. (1994); and Chakraborty (2004a). A factsheet
summarizing updated information on S. guianensis and
its botanical varieties was recently published in the
database, ‘Tropical Forages - an interactive selection
tool” (Cook et al. 2020).

From the 1970s onwards, an important issue has been
tolerance of the fungal disease, anthracnose (caused

by Colletotrichum gloeosporioides), the biotic factor
constraining the use of all better-known Stylosanthes
species, including S. guianensis (Chakraborty 2004b).
The search for genotypes tolerant of this disease and
adapted to infertile soils and drought, led to increased
efforts, in the 1970s and 1980s, to broaden the genetic
diversity available to the research community by
exploring the native vegetation and collecting germplasm
of Stylosanthes in (sub)tropical America. Among the
various institutions involved in those collecting and
conservation efforts was the International Center for
Tropical Agriculture (CIAT), whose genebank conserved
a total of 4,200 Stylosanthes accessions in May 2020
(Schultze-Kraft et al. 2020). The subject of this review,
S. guianensis accession CIAT 184, stems from one of
CIAT's early collecting endeavors in Colombia.

In this paper we review CIAT 184 by compiling, in
an essentially region- and country-oriented approach,
information from research conducted throughout the
tropics and subtropics, with the objective to contribute
to continuing interest of the research and development
(R&D) community in this genotype. The focus is on
information from studies that we consider to be of
interest to a reasonably broad readership. Wherever
possible, we concentrated on accessible published
literature as information sources. A brief analyis of the
reasons for the success of CIAT 184 in some regions and
lack of adoption in others and some thoughts on future
perspectives are presented.

Origin of CIAT 184

The origin dates back to 12 October 1973, when one of
the authors (R.S.K.) collected seeds from a S. guianensis
population at a location (03°13'28" N, 76°33'45" W; 975
masl) close to Jamundi town, south of Cali in the Valle del
Cauca department, Colombia. The sampled plants were
part of occasionally grazed roadside vegetation (major
component: native Paspalum notatum). Topography

'An important exception is the ‘tardio’ morphotype of S. guianensis, which is found in dry subhumid savanna climate on sandy and very acid,
infertile soils. This morphotype is also known in the literature as ‘S. guianensis var. pauciflora M.B. Ferreira & Sousa Costa’, a taxon not accepted
as a botanical variety by GRIN taxonomy, where it is referred to as S. guianensis var. guianensis.
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in the area is flat and the soil was recorded as a well-
drained clayey Ultisol, acid (pH 4.9 in H,0) and with
low phosphorus (1.8 ppm P; Bray II). Annual rainfall in
the area is about 1,900 mm.

The collected seed sample entered the CIAT tropical
forages collection as accession CIAT 184. Within
subsequent germplasm exchanges with genebanks it
was alternatively catalogued under different accession
numbers (e.g. ‘ILCA/ILRI 164’ and ‘CPI 133548°).

Morphological description

The following description is based on that by Cook et
al. (2020) for S. guianensis var. guianensis in general,
and complemented with accession-specific observations
and measurements of morphological features provided
by one of the authors (Y.H.) and with photographic
illustrations (Figure 1).

A robust weakly perennial herb, semi-erect, growing
to 1.5 m with a strong taproot and small round root
nodules. Stem much branched, herbaceous and, with

Figure 1. Morphological features of Stylosanthes guianensis
cultivar ‘Reyan No. 2’. A: plant habit; B: branch; C: leaf;
D: inflorescence; E: seed and pod. (Photographs by Yang
Hubiao, TCGRI-CATAS).
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age, becoming lignified at the base, indumentum nearly
glabrous. Leaves trifoliolate; petiole ca. 8 mm, rachis ca.
1 mm long; stipules 8—12 mm, adnate to the petiole, teeth
ca. 5 mm long; leaflets lanceolate, ca. 30 mm % 4 mm,
indumentum as on stems. Inflorescence a loosely capitate
spike, terminal or axillary, with more than 4 flowers.
Flower subtended by an outer bract with a 5-9 mm long
sheath, a ca. 6 mm long outer bracteole and a ca. 5 mm
long inner bracteole; calyx tube ca. 5 mm long; standard
ca. 8 mm x 4 mm, yellow with slender reddish-brown
stripes; wings and keel 3.5-5 mm long. Pod 1-jointed, the
article ovoid, ca. 2.6 mm x 1.5 mm, glabrous, indistinctly
veined, with a minute beak, strongly inflexed. Seed
oblate-ellipsoid, ca. 2.1 mm x 1.5 mm, color varying
from yellow to dark brown. About 400,000 seeds per kg.

Evaluation and anthracnose tolerance

Soon after incorporation of CIAT 184 into CIAT's
active germplasm collection, the production potential
of this accession and its anthracnose tolerance became
evident in field nursery observations and greenhouse
studies conducted at the CIAT experimental station in
Palmira, Colombia; its adaptation to acid, infertile soils
was recorded in plots established in the experimental
stations of Carimagua and Quilichao (CIAT 1975-1977).

From 1978 onwards, CIAT 184 was included in the
legume germplasm set for evaluation in multilocational
trials of the International Tropical Pastures Evaluation
Network (RIEPT, its Spanish acronym). These trials
were conducted in the humid and subhumid tropics of
Latin America and the Caribbean, using a standardized
methodology for evaluation of adaptation (‘Regional
Trials A’) and agronomic performance (‘Regional Trials
B’) (Toledo and Schultze-Kraft 1982). In 1982, CIAT 184
was also introduced in tropical China along with a set of
other legumes and grasses for evaluation in Hainan (Liu
Guodao et al. 2004a), within early cooperation between
CIAT and the then South China Academy of Tropical
Crops (since 1994: Chinese Academy of Tropical
Agricultural Sciences, CATAS).

During 1989-1993 CIAT 184 was one of the 21
herbaceous legume accessions included in evaluation
trials at 17 sites in 9 countries of Subsaharan Africa,
within the West and Central African Animal Feed
Research Project network (RABAOC, its French
acronym), also using a standardized methodology
(Rippstein 1998). In the 1990s it was part of the forage
germplasm tested in 2 CIAT-CSIRO (Commonwealth
Scientific and Industrial Research Organization) R&D

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)
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cooperation projects in Southeast Asia: the ‘South-east
Asian Regional Forage Seeds Project” (1992-1994) and
the ‘Forages for Smallholders Project’ (1995-1999),
which subsequently continued in the form of 2 CIAT-
Asian Development Bank (ADB) projects (2000-2005)
conducted in partnership with national R&D institutions
in up to 8 countries (Stiir et al. 2007).

The most relevant outcome of these early adaptation
and agronomic performance studies around the globe
was that in addition to adaptation to acid, infertile
soils and drought tolerance, CIAT 184 showed a strong
tolerance of anthracnose in comparison with the well-
known Australian commercial stylo cultivars, such as
‘Cook’, ‘Endeavour’, ‘Graham’ and ‘Schofield’, and with
essentially all other S. guianensis germplasm accessions
tested in those studies®*.

Regional experiences: Research and development
Tropical America

In the humid tropics, where it was one of 13 accessions
from 5 different legume genera (10 species) evaluated
in 32 ‘Regional Trials B’ conducted between 1979 and
1991 in Bolivia, Brazil, Colombia, Ecuador and Peru
within the RIEPT network system, CIAT 184 proved to
be outstanding with respect to environmental adaptation
and dry matter production (Amézquita et al. 1991;
Keller-Grein et al. 1992). In contrast, in RIEPT trials
conducted in a subhumid savanna climate characterized
by a distinct dry season, the accession was badly affected
by anthracnose (Pizarro 1983; 1985; 1988). The presence
of antagonistic bacteria on the tissue of stylo plants and
prevailing narrow diurnal temperature fluctuations, both
preventing the development and spread of the disease in
the humid tropics, were reported to explain this contrast
between the 2 ecozones (Lenné 1985).

Results of studies with CIAT 184 in tropical America
that we found in the literature, beyond those reported in
the aforementioned RIEPT trial compilations (Pizarro
1983; 1985; 1988) and that of Keller-Grein (1990), are
as follows:

Argentina. The potential of this accession for subtropical
conditions with dry and cold winters became evident based
ona3-yrstudy onasandy soil in the northwest of Corrientes
province, northeast Argentina, where anthracnose is not a
major issue and where CIAT 184 along with S. guianensis
cultivar ‘Graham’ had the highest forage and seed yields
among 35 accessions from 6 Stylosanthes species (Ciotti et
al. 1999). In the same area on a phosphorus-deficient soil
(3.4 ppm P; Bray I), an almost 100 % DM yield increase
was observed in response to P fertilizer application as low
as 11 kg P/ha for CIAT 184 (Ciotti et al. 2003).

Colombia. Low P requirements of CIAT 184 and strong
response to very low P fertilizer doses in soil from the
Colombian Llanos were also shown in the early work at
CIAT (Schultze-Kraft 1976). However, since S. guianensis
in general succumbed to anthracnose in the subhumid
savanna ecosystem (‘Llanos Orientales’), where CIAT's
pasture research in Colombia was focussed in the 1970s
and 1980s, studies on CIAT 184 were not continued at that
time and resumed in the 1990s in the humid-tropics part
of the country (Caquetd department). There, Velasquez
et al. (2004) showed that pre-weaned calves with access
to a CIAT 184 pasture drank less milk from their dams,
than calves with access to only grass pasture with their
dams, allowing 21 % more milk per cow to be sold from
the CIAT 184 group, while calves from this group made
30 % higher liveweight gains.

At the basic-research level in Colombia, Sarria et al.
(1994), using an Agrobacterium tumefaciens-disarmed
strain, showed that an efficient transfer of marker genes
to CIAT 184 and regeneration of transgenic plants were
possible. Subsequently, Kelemu et al. (2005) introduced a
chitinase-encoding gene from rice into CIAT 184, which
resulted in improved resistance of transgenic plants to
foliar blight disease (Rhizoctonia solani).

Cuba. Based on germplasm evaluations within the RIEPT
network (Pizarro 1988) and follow-up studies, CIAT
184 was considered a promising legume for pasture-
based livestock production on poor soils. In 5-year
seed production studies, 182-318 kg seed/ha/yr were
harvested (Sudrez and Villavicencio 1988). Although

4t should be mentioned that another S. guianensis accession, CIAT 136, showed considerable promise in those and other studies. It was collected
in 1973 by Pedro J. Argel near the town of Restrepo, Meta department, Colombia. In Africa it is known as ILRI 163 and in tropical China it was

released in 2000 as cultivar ‘Reyan No. 7.

SWhenever accessions of the ‘tardio’ morphotype of S. guianensis (= ‘var. pauciflora’) were included in those studies, most of them also exhibited

strong anthracnose tolerance.
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the accession was not formally released, ‘cv. CIAT-184
was promoted and used in protein banks. It has been
dominating S. guianensis research in Cuba during the
past 3 decades, with a focus on callus formation/tissue
culture for generation of plants and on tolerance of soil
salinity (Mesa et al. 1993; Fuentes et al. 2000, 2008,
2015; Gonzalez et al. 2000; Fuentes Alfonso et al. 2008).

Peru. CIAT 184 showed high productivity on the acid,
infertile soils that prevail in the Peruvian humid tropics,
with anthracnose tolerance (Pizarro 1983, 1985; Keller-
Grein 1990). This resulted in the Instituto Veterinario
de Investigaciones Tropicales y de Altura (IVITA)
and Instituto Nacional de Investigacion y Promocion
Agropecuaria (INIPA) releasing CIAT 184 in Peru as
cultivar ‘Pucallpa’ in January 1985 (Reyes et al. 1985).
The promoted use was mainly as a pasture legume for
association with grass, in pure stands as a protein bank or
to rehabilitate degraded pastures.

Subsequently, Reategui et al. (1995) and Loker et
al. (1997) reported from long-term on-farm research
in the Pucallpa area (13 farms, 4 years management),
where CIAT 184 (cultivar ‘Pucallpa’) was used as a
legume species in grass-legume pastures, that ‘Pucallpa’
established well, even with no fertilizer input. However,
with time its proportion in the mixture declined under
farmers” grazing management. It is noteworthy that,
in those cases where the pastures were burnt to control
weeds and pests, the persistence of ‘Pucallpa’ improved.

In more recent research in the Pucallpa area, partial
substitution of forage for milk from dam by calves with
access to a ‘Pucallpa’ pasture led to a 23 % increase of
milk sold per cow without affecting growth of calves
(Vela 2004a). Incorporating stubble of the legume in the
soil had the same yield-increasing effect on a subsequent
rice crop as 50 kg N/ha fertilizer (Vela 2004b).

Velasquez Ramirez et al. (2021) showed that, when
used as cover crop, ‘Pucallpa’ had a significantly positive
effect on soil restoration of alluvial gold mine spoils in
the Peruvian Amazon, in terms of several soil chemical,
physical and biological parameters.

Puerto Rico. Under commercial dairy farm conditions
with 10 acres of stylo in the South Region (Guayama),
an average of 10.8 t hay/ha with 25 % moisture content
was obtained in 1991/92 in each of three 4-monthly cuts
from cultivar ‘Pucallpa’, with mean CP concentrations
of 16—18 %. Fed as a supplement to about 290 kg
replacement heifers grazing common guinea grass, a
daily ration of 8.7 kg of stylo hay per animal was able
to replace 5 kg of commercial concentrate (A. Arias-
Pedraza, pers. comm. December 2022).
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Tropical Africa

R&D with CIAT 184 in tropical Africa concentrated on
West and Central Africa and Madagascar. The accession
was, however, not available for fodder bank studies
conducted in West Africa by International Livestock
Research Institute (ILRI) and partners in the early 1980s
(Mohamed-Saleem and Suleiman 1986). In final reports
of the RABAOC project on the agronomic evaluation of
a set of grass and legume species in humid and subhumid
environments in Benin, Cameroon, Central African
Republic, Cote d’Ivoire, Ghana, Guinea, Nigeria,
Senegal and Togo (NARS-CIRAD/EMVT-CIAT-
ILCA 1995; Rippstein 1998), CIAT 184 consistently
ranked among the top herbaceous legumes, out of 21
accessions representing 17 species. Further regional
studies involving CIAT 184 (de Leeuw et al. 1994) are
country-specific and referred to below. In some of the
publications on R&D in tropical Africa, the accession
is mentioned under its synonym numbers ‘ILCA/ILRI
164’ or ‘FAO 46004°.

Benin. Saito et al. (2010) concluded from a tillage
management experiment in southern Benin that manual
tillage combined with a CIAT 184 stylo fallow is a
recommendable practice for smallholder farmers to
improve upland rice productivity.

Cameroon. Several studies with FAO 46004 (CIAT 184)
were conducted in the Adamawa Plateau. In an agronomic
evaluation of 17 Stylosanthes accessions, CIAT 184 was
outstanding in terms of dry matter production, anthracnose
tolerance and seed yield (400 kg/ha) (Yonkeu et al. 1994).
While Pamo and Yonkeu (1994) showed increased grass
production of a subsequent Urochloa ruziziensis crop
after harvesting stylo for hay during 2 years, Enoh et al.
(1999) reported from dry-season sampling of 4-5 yrs old
on-farm and on-station stylo-grass (U. ruziziensis) and
stylo-native pasture (mainly Hyparrhenia and Panicum)
paddocks (which they called “fodder banks™) increased
dry matter yields and nutritive value in comparison with
grass-only pastures. Poor management and yearly bush
fires were mentioned as major limitations to the promoted
stylo-grass technology.

Cote d’Ivoire. Based on a study at 5 benchmark sites
representative of upland rice systems with contrasting
edaphoclimatic conditions, Becker and Johnson (1998)
identified S. guianensis (accession CIAT 184 according
to M. Becker, pers. comm. February 2022) as a promising
soil-improving and weed-suppressing fallow legume
species, particularly for acid infertile forest and savanna
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soils. In feeding studies with rabbits, sun-dried hay of
CIAT 184 was successfully included as fiber source up
to 30 % in feed pellets (Kouadio et al. 2021; 2022).

DR Congo. Bulakali et al. (2013) tested the seed-
production potential of 3 S. guianensis accessions at 2
sites on the Batéké plateau and found that, by the soil-
sieving method, 600 kg seed/ha could be harvested from
CIAT 184, at a total production cost of USD 1.31/kg.

Guinea. CIAT 184 was introduced as part of RABAOC
trials and was reported as useful for improvement of
natural pastures in Guinea (Elbasha et al. 1999).

Madagascar. In Madagascar, the use of CIAT 184
(and other legumes and grasses) as soil cover in no-
till agriculture (‘conservation agriculture’) is being
promoted in a manual including a species factsheet
on S. guianensis (Husson et al. 2008) and a chapter
containing description and discussion of S. guianensis-
based conservation agriculture systems (Husson et al.
2013). The manual’s explicit recommendation of CIAT
184 is because of anthracnose tolerance.

Examining the relationship between biomass removal
for forage and the mulch cover remaining for a subsequent
no-till rice crop, a study on 91 farmers’ fields using CIAT
184 and 3 other legumes, showed the interdependence
between cover species used, soil cover rate and mulch
quantity and quality (Naudin et al. 2011). In a no-till
experiment with upland rice, soil cover by CIAT 184
mulch as high as 95 % was necessary to effectively
control emerging weeds (Naudin et al. 2012). In another
conservation agriculture study, Randrianjafizanaka
et al. (2018) found that of 4 cover legumes, CIAT 184
provided the most effective control of the parasitic weed,
Striga asiatica. Using the natural abundance method,
Zemek et al. (2018) measured N fixation in CIAT 184
shoots over 17 months ranging from 96 to 122 kg N/ha.

In a feeding trial, Razafinarivo et al. (2014)
showed the potential of CIAT 184 in a mixture with
Urochloa brizantha for feeding dairy cows. From another
feeding trial with dairy cows, Rakotomanana (2021)
concluded that, although not increasing milk yields, stylo
CIAT 184 silage (in the publication erroneously referred
to as ‘CIAT 194’) contributed to improved physical
condition of dairy cows in the dry season.

In 2021, a facility to produce CIAT 184 feed pellets
was established at Antananarivo as part of Madagascar-
China cooperation.

Nigeria. As Nigeria hosted the Subhumid Research Site
and Humid Research Site of ILRI, a considerable portion
of the research on Stylosanthes in West Africa during

the 1980s and 1990s was done in this country. Several
evaluation studies in the dry-subhumid Northern Guinea
Savanna ecozone were done by Tarawali et al. (1994),
who reported that ILRI 164 (CIAT 184) was outstanding
in terms of anthracnose tolerance, forage production and
persistence. This was complemented by the highest grain
yield of a subsequent maize crop, probably due to the
accession’s high dry matter production (Tarawali 1994).
However, evaluating it in a fodder bank situation, Peters
et al. (1994) recorded that ILRI 164 competed poorly
with invading native vegetation. In a relative-palatability
test under grazing, Peters et al. (2000) reported high
palatability of ILRI 164 throughout the year, possibly
associated with the greenness and leaf retention of the
accession well into the dry season. Seed yields recorded
in that area across 3 years ranged between 57 and 106 kg/
ha/year (Kachelriess and Tarawali 1994).

In a small-plot grazing experiment conducted in the
more humid Derived Savanna ecozone, Tarawali et al.
(1999) showed that ILRI 164, in association with native
Megathyrsus maximus, was particularly valuable in
the dry season when it led to higher liveweight gains of
grazing calves than grass alone plus rice bran supplement.
In the same environment and working with mixtures of
legume species under grazing, Peters et al. (2001) reported
that ILRI 164 had potential to contribute to stable and
productive mixtures. In the same environment, assessing
species mixtures primarily used as cover crops and
improved fallow, Tarawali (2000) showed that ILRI 164
was a suitable component in several 3-species mixtures.

In that same Derived Savanna zone of subhumid
southwest Nigeria, Muhr et al. (1999a; 1999b) conducted
several experiments to test and analyze the short-term ley
potential of 11 legume species for crop-livestock systems.
They reported that ILRI 164 had the highest DM yields
and that, in spite of dry-season utilization of the forage,
grain yields of a subsequent corn crop exceeded those
after natural fallow by up to 147 %, equivalent to 96 kg
fertilizer N/ha. In subsequent farmer-controlled trials,
ILRI 164 ranked highest under the prevailing low-input
management (Muhr et al. 2001).

S. guianensis CIAT 184 was released as ‘ILRI-164’
in 2000 in Nigeria (Nigerian Seed Portal Initiative).

Southeast Asia

In tropical Asia, network research in the 1990s on
forages, including S. guianensis CIAT 184 (‘Stylo
184’), was conducted mainly within several regional
CIAT-CSIRO-ADB R&D projects, in partnership with
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national institutions in up to 8 countries (Cambodia,
China, Indonesia, Lao PDR, Malaysia, Philippines,
Thailand and Vietnam). There are several reports and
papers informing about the advances and research results
of these projects with contributions from individual
countries (Stiir et al. 1995, 2000a, 2002; Stiir 1997, 1998).
All documents indicate that, based on multilocational
and on-farm trials, of all herbaceous legume germplasm
tested, Stylo 184 was consistently among the top legumes
regarding adaptation and productivity in a wide range
of ecophysical environments, as well as acceptance
by farmers. It was ultimately one of the 2 legumes
(the other was Centrosema molle CIAT 15160 named
‘Barinas’), that participants in the Forage Seeds Project
recommended in 1994 for release throughout SE Asian
countries (Stiir et al. 1995). In a final, development-
oriented overview, Stiir et al. (2007) reported that, of
all legume species and accessions tested during the 13
combined project years, the only legume ultimately used
by farmers was Stylo 184. The primary use is as cut-and-
carry livestock feed.

The most noteworthy country-specific results
concerning CIAT 184 include:

Cambodia. Based on a 4-yr R&D project with large-
ruminant-keeping smallholder farmer participation in 6
villages in southern Cambodia, including comprehensive
forage and livestock production measurements, Bush et
al. (2014) found that growing introduced forage species
(4 grasses and Stylo 184) was a credible entry point for
converting livestock keepers into livestock producers.
From a review of forage options to sustainably intensify
smallholder farming systems on sandy soils in Cambodia
(and southern Laos), Philp et al. (2019) concluded that
Stylo 184 was the only forage legume to be recommended
for drought-prone areas with acid, sandy soils. At the
livestock nutrition level, Pen et al. (2013) reported that
supplementation of a basal rice straw-grass diet with
30 % of CIAT 184 significantly increased forage intake
and N balance of zebu cattle.

Indonesia. In a 3-yr multilocational trial (6 sites in East,
Central and South Kalimantan), CIAT 184 (‘Pucallpa’),
along with C. molle CIAT 15160, stood out as the only
well-adapted and productive accessions among a total
of 35 legume species and accessions tested (Cameron et
al. 1995). Liu Guodao et al. (1997) reported that, in East
Kalimantan, Stylo 184 is used to rehabilitate degraded
Imperata cylindrica uplands. In eastern Indonesia, after 6
years of participatory research supported by the Australian
Centre for International Research (ACIAR), the resulting
manual recommends CIAT 184 (plus the Australian
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composite S. guianensis hybrid cultivars, ‘Nina’ and
‘Temprano’) for use in East Nusa Tenggara province,
mainly as a component of fodder banks (Nulik et al. 2013).

Lao PDR. Following a first report by Phengsavanh
(1999), Phengsavanh and Phimphachanhvongsod (2007)
summarized that, of 118 legume species and accessions
tested during several years at 5 sites in upland areas
across the country, Stylo 184 showed the broadest
adaptation, including dry season tolerance, to different
environments; it was ultimately the only legume selected
by farmers for use to feed not only ruminants but also
pigs. The benefits of the latter use were reduced time
for collecting and cooking natural feed and increased
growth rates of pigs.

The potential and adoption of Stylo 184 for
smallholder pig feeding in Laos were subsequently
summarized by Phengsavanh et al. (2008) and Stiir
et al. (2010). Individual studies were concerned with
the role of Stylo 184 for: replacement of rice bran
(Keoboualapheth and Mikled 2003); combination with
cassava leaves as protein supplements to a basal diet
of broken rice (Norachack et al. 2004); mixture with
cassava foliage leading to increased DM intake and N
retention in comparison with a basal diet (Khoutsavang
et al. 2000); use by smallholder farmers in the uplands
as locally grown protein supplement (Kopinski
et al. 2008); ensiling in mixture with taro leaves
(Kaensombath and Lindberg 2013); and replacement of
soybean protein (Kaensombath et al. 2013). They were
complemented with combined agronomic/nutritive
value studies (Kaensombath and Frankow-Lindberg
2012; Phengsavanh and Frankow-Lindberg 2013).

Regarding the potential of Stylo 184 as forage for goats,
Keopaseuht et al. (2004) found that forage intake and
digestibility were unexpectedly reduced when leaf only
was offered rather than branches with intact leaves, while
Phengsavanh and Ledin (2003) reported that the inclusion
of Stylo 184 in a grass diet (Andropogon gayanus)
improved the quality of the diet, resulting in higher intake
and better growth rates of animals. Stylo 184 as basal diet
for growing rabbits was not successful (Phimmmasan et
al. 2004), an observation that was at variance with reports
from Céte d'Ivoire (Kouadio et al. 2021; 2022).

In northern Laos, Saito et al. (2006) showed the
potential of Stylo 184 as improved fallow/relay crop for
increased subsequent upland rice production of 0.6 t/ha
with 60 % reduced weed population in comparison with
natural fallow.

Malaysia. Assessing the production potential of 47
legume accessions, reportedly being shade-tolerant,
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as weed-controlling soil cover and feed for sheep
grazing under young rubber trees, Ng et al. (1997)
found that CIAT 184 along with S. scabra cultivar
‘Seca’ presented consistently highest DM yields in 2
experiments with photosynthetically active radiation
means of 40 and 70 %, respectively. Chen et al. (1995)
reported seed yields, obtained in Northwest Peninsular
Malaysia, in the range of 230-390 kg/ha.

Myanmar. Stylo 184 was included in evaluation of 5
herbaceous legumes in a drought-prone environment
without fertilizer application and irrigation (Gyue et al.
2021). The authors considered Stylo 184 tobe a “good” forage
because of its DM yield, high crude protein concentration
and gas production and low fiber concentration.

Philippines. Stylo 184 showed excellent adaptation to
all environments where it was evaluated, particularly on
farms with acid soils (Lanting et al. 1995). Horne et al.
(1997) mentioned that in Mindanao it is used to control
soil erosion and suppress growth of Imperata cylindrica,
when establishing forestry plantations. In northern Luzon
at about latitude 18° N, Pardinez et al. (2000) reported seed
yields from 3 sites and 2 years averaging 201 kg/ha/yr.
Based on a feeding trial with sheep, Lanting et al. (2003)
showed the potential of Stylo 184 as a protein supplement
in low-quality (rice straw) basal diets.

Thailand. In 1996, the anthracnose-susceptible
S. guianensis cultivar ‘Graham’ was replaced by
disease-resistant Stylo 184 (Phaikaew and Hare 2005),
which was released by the Department of Livestock
Development in 1997 as ‘Ta Phra’ stylo. Research on
CIAT 184 concentrated on the northeastern region of
the country characterized by infertile, sandy soils. For
southern Thailand, Satjipanon et al. (1995) mentioned
an adaptation study conducted in Narathiwat, where
CIAT 184 showed promise on an acid, infertile soil. In
a subsequent cutting management trial at Narathiwat,
50-day cutting frequency and 20-cm cutting height gave
the best result for CIAT 184 yield and nutritive value
combined (Sukkasem et al. 2003).

In the northeast, Stylo 184 was shown to have potential
for intercropping with cassava (Kiyothong and Wanapat
2004a). In a dairy cow feeding trial, supplementing
cassava leaf hay with Stylo 184 hay reduced concentrate
use and resulted in improved milk yield and quality,
and ultimately higher economic returns (Kiyothong
and Wanapat 2004b). Stylo 184 can also successfully
be used as silage, alone or in mixture with guinea grass

(Bureenok et al. 2016). Fermentation quality and nutritive
value of the legume could be significantly improved
by inoculation with thermotolerant lactic acid bacteria
(LAB) isolated from fermented juice of tropical forage
crops (Pitiwittayakul et al. 2021). From experiments on
inter-row planting of legumes to improve crude protein
concentration in pastures of Paspalum atratum cultivar
‘Ubon’, Hare et al. (2004) concluded that Stylosanthes
species, including ‘Ta Phra’ stylo, are suitable legumes
on infertile upland soils of northeast Thailand. Homma et
al. (2008) found in farmers” field trials that stylo as relay
crop, used in the dry season for livestock feeding, did not
affect subsequent rainfed-rice yields.

Optimization of “Ta Phra’ stylo seed production and
quality was the subject of several studies (Kiyothong et
al. 2005a; 2005b). While seed yields of about 1,200 kg/ ha
were obtained in one study when the nylon-gauze-bag
method was used (Kiyothong et al. 2002), Phaikaew et
al. (2004) reported a range of 300-1,400 kg seed/ha,
depending on cutting management, and Hare et al.
(2007) reported 365 kg/ha with a 1,000-seed weight of
2.59 g (equivalent to almost 390,000 seeds/kg).

Na Chiangmai et al. (2013) concluded from a field study
that “Ta Phra’ stylo was not shade-tolerant. This finding is
at variance with the report from Malaysia (Ng et al. 1997).

At the laboratory level, a study on regenerative
capacity of Stylo 184 showed that in-vitro culture of this
accession is a suitable tool for shoot generation, even
after 3 years maintenance of the culture (Veraplakorn et
al. 2012). Both the activity of antioxidative enzymes in
in-vitro shoots and ion accumulation in seedlings can be
used to distinguish between Stylo 184 clones in regard
to their salt tolerance (Veraplakorn et al. 2013a; 2013b).

Vietnam. Khanh and Ha (2007) reported that, as a result
of regional evaluations of 70 accessions for adaptation
to the environmental conditions of the Dak Lak Central
Highlands, Stylo 184 was the only herbaceous legume
ultimately selected by upland farmers for cattle feeding.
Thang et al. (2010) found that Stylo 184 foliage, alone
or in mixture with cassava leaves, improved DM intake,
digestibility and liveweight gain of cattle fed a basal diet
of urea-treated rice straw. As a result of on-station and on-
farm research in South Central Coastal Vietnam, where
several grasses and Stylo 184 were evaluated on sandy
soils, farmers (n=45) preferred high-yielding grasses (on-
station DM yields up to 50 t/ha/yr) to the only legume
tested (CIAT 184; up to 17 t DM/ha/yr) (Ba et al. 2014).
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China

The importance attributed to S. guianensis in (sub)
tropical China is reflected by a slogan coined in 2011
by the former Minister of Agriculture of the People’s
Republic of China, He Kang: Alfalfa in the North and
stylo in the South. It is also reflected by a large number
of studies, mainly on CIAT 184 and cultivars developed
from this accession, published in Chinese language.
While those studies deserve being categorized and
compiled in a separate review or annotated bibliography,
in the present document we concentrate on Chinese
research published in English and accessible in
international journals and databases.

CIAT 184 was introduced into tropical China in
1982 and within a few years had become an important
forage legume (He Chaozu and Schultze-Kraft 1988).
Thereafter, its continuing good performance and
anthracnosetolerance are dealt with inanumber of reports
on forage R&D (Liu Guodao and Kerridge 1997; Liu
Guodao et al. 1997, 2004a; Liu Guodao and Chakraborty
2005; Yi Kexian et al. 2007). It is particularly noteworthy
that 40 years after the introduction of CIAT 184, its
field resistance to anthracnose seems to have remained
unchanged. This suggests an inherent tolerance to the
prevailing anthracnose strains, in contrast with most
of the Australian S. guianensis cultivars (‘Endeavour’,
‘Schofield” and ‘Cook’), which succumbed to the disease
a few years after their introduction in China.

Released as cultivar ‘Reyan No. 2’ in 1991, CIAT 184
developed into being the most widespread Stylosanthes
cultivar in southern China. ‘Reyan No. 2’ is used for
forage for livestock (cut-and-carry and grazing, hay
and silage), leaf meal production (for ruminants and
monogastrics), soil cover and green manure in perennial
crops (rubber, coconut and fruit tree plantations), and
soil stabilization and reclamation.

Yi Kexian et al. (2007) reported DM yields of
15-22.5 t/ha and total area planted to cultivar ‘Reyan
No. 2’ of more than 150,000 ha at that time in South
and Southwest China (provinces Hainan, Guangdong,
Guangxi, Fujian, Guizhou, Sichuan and Yunnan),
generating an income of 400-1,200 million Yuan
(50—150 million USD). Our current estimate (June 2022)
for the cumulative area sown to ‘Reyan No. 2’ and
‘Reyan No. 5’ (the latter a selection from ‘Reyan No. 27)
in (sub)tropical China is about 330,000 ha.

Genetic diversity and new cultivars. A Sequence-related
amplified polymorphism (SRAP)-based analysis with
148 accessions representing 6 Stylosanthes species
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showed that CIAT 184 and all derived cultivars clustered
into 1 subgroup (Huang Chungiong et al. 2017). CIAT
184 is the origin of a further 3 S. guianensis cultivars
developed at Tropical Crops Genetic Resources Institute
(TCGRI) of CATAS and tested in multilocational trials
throughout southern China. Cultivar ‘Reyan No. 5’
(released in 1999) is an earlier-flowering, black-seeded
selection from CIAT 184, with similar DM production
to ‘Reyan No. 2°, but almost 50 % higher seed yields and
improved cold tolerance (Bai Changjun et al. 2004a).
More recently, ‘Reyan No. 20’ (2010) and ‘Reyan No.
21’ (2011) were both developed from ‘Reyan No. 2 via
space flight-induced mutation breeding (Liu Guodao et
al. 2004a). Another cultivar derived from CIAT 184 is
‘Stylo 907°, developed in Guanxi by ®“Co-y-radiation
breeding (Liu Guodao et al. 2004a). Using the same
radiation breeding technique, Tan Jiali et al. (2009)
produced dwarf-mutant lines of CIAT 184 with improved
cold tolerance.

Cold tolerance, higher seed production and durable
anthracnose resistance are breeding and selection
objectives for new germplasm, alongside improved yield
and forage quality. Bai Changjun et al. (2004a) reported
ongoing evaluations of new material in this regard, but
at that time, CIAT 184 (cultivars ‘Reyan No. 2’ and
‘Reyan No. 5”) was still the first option. Eighteen years
later the situation continues the same, in spite of a report
of anthracnose on ‘Reyan No. 2’ in Hainan in 2014 (Jia
Yanxing et al. 2017) and insufficient winter survival, in
comparison with the grasses tested, reported for ‘Reyan
No. 5’ (and a multiline S. guianensis hybrid cultivar,
‘Ubon stylo’) in Guangxi (He Chengxin et al. 2017).

Seed production and plant propagation. Details of
establishment of a Stylo 184 crop for seed production,
its management, seed harvesting and subsequent
processing were presented by Liu Guodao et al. (1997);
yields reported were in the range of 75-520 kg seed/ ha.
Yuan Xuejun et al. (2011) successfully developed a
micropropagation method for ‘Reyan No. 2.

Forage. Stylo leaf meal has become an important
commercial commodity in southern China (Liu Guodao
et al. 2004b) and there are detailed recommendations
for the proportion of the legume in rations for different
livestock species (Bai Changjun et al. 2004b). Yi Kexian
et al. (2007) presented amino acid concentrations in
Stylo 184, which for most amino acids were higher than
those in alfalfa. Li Mao et al. (2014) showed that ‘Reyan
No. 2, along with another CATAS germplasm (TPRC-
90028), had the highest relative feed value among 10
S. guianensis accessions.
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A number of studies dealt with issues related to
making silage from S. guianensis, in all cases using
cultivar ‘Reyan No. 2’. Liu Qinhua et al. (2011) assessed
the effects of wilting and storage temperature on silage
quality and aerobic stability and Liu Qinhua et al. (2012)
tested the effectiveness of 2 LAB strains and concluded
that stylo was hard to ensile due to low water-soluble
carbohydrates (WSC) concentration and high buffering
capacity. Li Dongxia et al. (2019) identified Lactobacillus
and Enterobacter as the genera most probably
responsible for the enhanced acetate fermentation in
low-DM stylo. Li Mao et al. (2017; 2021) showed that
silage fermentation and ruminal degradation could be
enhanced by combining LAB inoculation and treatment
with cellulase enzyme and by adding melatonine,
respectively. Zhang Yage et al. (2018) assessed the best
legume proportion in mixtures of stylo with king grass
(Cenchrus hybrid); He Liwen et al. (2019; 2020) reported
on the potential of gallic acid and Moringa oleifera
leaves, respectively, to improve fermentation of stylo
silage and Zi Xuejuan et al. (2022) showed the effects of
WSC on the bacterial community.

Non-forage uses. Yi Kexian et al. (2007), citing
publications in Chinese, reported on improved soil
characteristics after 2 years of stylo cropping and
enhanced orange tree growth after 2 years, when
stylo was applied as green manure. Long Huying et al.
(2017), working on degraded soils in the dry-hot valley
area of Yuanmou country (almost 26° N), Yunnan
province, showed that ‘Reyan No. 2’ as soil cover and
green manure significantly improved soil fertility and
micobiological activity.

Wang Dongmei et al. (2008) found that transgenic
‘Reyan No. 2’ has potential as a plant-based vaccine
against foot-and-mouth disease.

Basic research. Studies on S. guianensis conducted
in China, including CIAT 184 as a prominent example,
addressed: development of molecular markers for
diversity analysis (Ding Xipeng et al. 2015), genetic
transformation (Guo Pengfei et al. 2019; Wang Linjie et
al. 2023), molecular and gene expression mechanisms
involved in abiotic and biotic stress tolerances [chilling,
drought and salt (Zhou Biyan et al. 2005a, 2005b, 2006;
Yang Jinfen and Guo Zhenfei 2007; Zhou Biyan and
Guo Zhenfei 2009; Lu Shaoyun et al. 2013; Bao Gegen
et al. 2016; Li Kailong et al. 2018), nutrients (Du Yumei
et al. 2009; Jiang Caode et al. 2018; Liu Pandao et al.

2019; Chen Zhijian et al. 2021; Song Jianling et al. 2022)
and anthracnose (Wang Hui et al. 2017; Gao Mengze et

al. 2021; Jiang Lingyan et al. 2021)].

Characteristics of CIAT 184: Positive attributes and
shortcomings

There are a considerable number of positive attributes
(strengths) that characterize CIAT 184, and several
weaknesses:

Strengths

* Tolerance of anthracnose

* Broad environmental adaptation, including to
subtropical conditions

* High productivity (up to 22.5 t DM/ha/yr) (Figure 2)

» Adaptation to acid, infertile soils with high levels of Al

* Low P demand, butresponsive to P fertilizer application

» N-fixing capability and rhizobium promiscuity

* Ease of establishment

* Tolerance of drought

* High crude protein concentration

» Absence of antinutritive factors

* Suitability for grazing and cut-and-carry (Figure 3)

e Suitability for ruminants and some monogastrics
(Figure 4)

* Suitability for hay making and subsequent leaf meal/
pellet production, and ensiling (Figure 5)

* Suitability for intercropping (Figure 6)

* Multi-use potential: feed, soil cover (weed and
erosion control), soil improvement (green manure)
(Figures 7 and 8)

While most of these attributes are also valid for
many other S. guianensis genotypes, the outstanding
feature of CIAT 184 is its high tolerance of anthracnose
in tropical Africa, SE Asia, southern China, some
subtropical regions of Latin America (Argentina, Cuba)
and the humid tropics of Latin America. As indicated by
Chakraborty (2004b), this appears to be related to the
physiological races of the fungus prevailing outside the
center of diversity of S. guianensis, which is the New
World tropics. We are unaware of any report that the
field resistance of CIAT 184, which in China has lasted
since its introduction in 1982, has broken down to a
major extent at any location.

In Table 1, an account of the releases of cultivars
derived from CIAT 184 is presented.
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Figure 2. Stylo CIAT 184. A: mature stand at Pucallpa, Peru, Sep 1983; B: vigorous growth at Manakara, Madagascar, Mar 2007.
(Photograph A by Rainer Schultze-Kraft, CIAT; B by Olivier Husson, CIRAD).

Figure 3. Stylo CIAT 184. A: grazing of a protein bank by dairy cattle at Pinar del Rio, Cuba, Sep 2005 (Photograph by Rolando
Nuilez, Galeca); B: intensively cut plots at Luang Prabang, Laos, Sep 2001; C: in a mixture with grass for cattle feeding at
Kampong Cham, Cambodia, Feb 2009. (Photographs B and C by Werner Stiir, CIAT).
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Figure 4. Stylo CIAT 184. A: goats grazing ‘Reyan No. 2’ in Hainan, China (Photograph provided by TCGRI-CATAS); B: feeding
pigs at Luang Prabang, Laos, Dec 2002 (Photograph by Werner Stiir, CIAT).

Figure S. Stylo CIAT 184 (‘Reyan No. 2°) in China. A: cutting for hay production in Guanxi; B: hay production for leaf meal in
Hainan; C: leaf meal powder; D: pellets. (Photographs provided by TCGRI-CATAS).
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Figure 6. CIAT 184 intercro
by Olivier Husson, CIRAD).

Figure 7. CIAT 184 as live soil cover in tree plantations in Hainan, China. A: oil palm; B: young rubber; C: litchi; D: mango.
(Photograph A by Rainer Schultze-Kraft, CIAT; B, C and D provided by TCGRI-CATAS).
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Figure 8. Stylo CIAT 184. A: live mulch; B: dead mulch. Used for establishment of maize and upland rice, respectively, in
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conservation agriculture, middle-west Madagascar, Dec 2008. (Photographs by Olivier Husson, CIRAD).

Table 1. Releases of cultivars derived from S. guianensis
CIAT 184.

Country Cultivar name Year
Peru ‘Pucallpa’ 1985
Nigeria ‘ILRI-164° 2000
Thailand ‘Ta Phra’ 1997
Southeast Asia ‘Stylo 184" mid 1990s
China ‘Reyan No. 2’ 1991
‘907 1996
‘Reyan No. 5’ 2000

‘Reyan No. 20’ 2010
‘Reyan No. 21 2011
"No formal release (except for Thailand).

Weaknesses

Insufficient persistence beyond 2—3 years under grazing
or cutting is the major shortcoming of CIAT 184 and
of S. guianensis in general (Cook et al. 2020). This
is the most frequently mentioned technical factor
responsible for constraining more widespread use of the
accession. In this context it has to be pointed out that
‘persistence’ is the result of a number of inherent plant
characteristics, ranging from the location of growing
points on the plant to the concentration of palatability-
affecting compounds in the forage, as well as utilization

management. Low seed production potential and
lack of ease of seed production are also mentioned as
shortcomings, in comparison with other Stylosanthes
germplasm, particularly S. hamata (‘Verano’).

Adoption of and perspectives for CIAT 184

We do not intend to engage in a discussion about the
(lack of) adoption of new tropical forage technologies
in general nor of forage legume technologies in
particular. This has been most ably handled in a number
of publications by others including Stiir et al. (2000b)
for tropical forages in general, and Shelton et al. (2005)
for forage legumes. Rather, as a conclusion of this
review, we offer a few thoughts of technical rather than
socioeconomic nature around actual adoption of CIAT
184 and possible future developments. There is no doubt
that some of them are also applicable to other tropical
legume species and genotypes that have shown promise
in R&D projects.

Lack of data

There is a lack of data on the actual use of CIAT 184 to
assess the extent of its adoption and impact. Information
is required about both the area planted to the legume and
the number of adopters. In this context it is regrettable
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that most R&D projects make no provision for resources
and institutional commitments regarding follow-up
assessments of technology impacts, in the years after
project termination. We consider that ILRI's ex-post
economic impact assessment of the fodder bank project
in West Africa (Elbasha et al. 1999) is an example to
be followed. Moreover, such assessments should be
complemented with the identification and analysis of
eventual constraints to adoption and, at the socioeconomic
level, impacts on the livelihood of adopters’ households.

Regional adoption

Tropical America. Traditionally, neither small- nor large-
scale farmers have been accustomed to sowing forages
and assuring their proper management in general, less so
regarding legumes. In many cases livestock producers are
still more animal-oriented ranchers than agriculturalists
dealing with pasture plant production. Taking into
account that appropriate grazing management for legume
persistence is a major issue for pastures in the humid
tropics, where CIAT 184 has shown to have potential
in tropical America, it could be questioned whether
CIAT 184 has any role in current production systems.
Miles and Lascano (1997) found that there had been no
major adoption in the humid tropics of Latin America, but
this might change depending on evolving land use policies
and production systems as well as economic pressures,
such as the need to replace commercial concentrates.

Tropical Africa. As can be deduced from the above-
mentioned impact study of fodder bank technology
(Elbasha et al. 1999), there is potential for adoption of
CIAT 184 in West Africa. Unfortunately, the accession
was not available when the fodder bank research by ILRI
and its partners started in the early 1980s. It is regrettable
that the RABAOC project was discontinued without
considering follow-up activities based on the multisite
identification of promising germplasm, CIAT 184 being
consistently one of the top-ranking herbaceous legumes.
In tropical Africa, there are 2 different production
environments for future use of CIAT 184: in West
Africa, where there is a continuing trend for transhumant
livestock keepers to become sedentary crop-livestock
producers; and in East Africa, where Napier grass
dominates planted forages for livestock nutrition.

Southeast Asia. It appears that CIAT 184 has found its
niche in this region. However, long-term adoption has
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been limited. We suggest the initial successes were due to
the prevailing smallholder production systems operating
under the pressure of very limited land resources, in
combination with the long-term involvement of what
Shelton et al. (2005) called ‘champions’, and intensive
interaction between researchers and farmers (farmer
participatory research). Stylo 184 has been successful
where R&D projects arranged seed supply but, once
projects were completed, the areas of stylo started to
decline over time. A recent ACIAR study evaluating
critical factors that promote or impede demand-driven
uptake of forages in Cambodia, Lao PDR and Vietnam
identified poor access to forage seeds as a major factor
that impedes uptake of forages in the region (Yadav et
al. 2022). This is particularly important for short-lived
or weakly perennial forage legumes like Stylo 184 that
require some regular replanting in cut-and-carry systems.

China. Nodoubtthe sustaineduse of CIAT 184 insouthern
China is due to the outstanding long-term performance
of this germplasm and to strong institutional interest
and promotion. Adoption has been on both smallholder
farms (where the innovative use as leaf meal originated)
and in larger holdings, at private as well as state level.
However, continuing use of the accession appears to be
increasingly influenced by limited availability of seed
produced at reasonably low cost, particularly in terms
of labor. In this context, lack of machinery suitable for
harvesting both seed and forage in hilly areas is seen as
a specific limitation to its promotion.

Access to seed

The experience from R&D projects across the tropics has
shown that availability of and access to seed constrain
the use of CIAT 184, in spite of the technical strengths
of this legume. Most likely this impediment to wider
adoption also holds for other legumes. It is an issue that
was recognized decades ago (Ferguson and Sauma 1993)
and we suggest that it requires particular attention by
tropical forage R&D policy makers. No doubt, because of
eventual seed market implications, regional differences
regarding production systems (e.g. smallholders vs. large
estates) need to be taken into account. Model examples
in tropical America and Southeast Asia are of seed being
produced by smallholders in Bolivia and Thailand,
respectively, and subsequently commercialized by seed
trading companies (Sauma and Pizarro 2007; Hare 2014).
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Future perspectives

We see increased opportunities for CIAT 184 (and other

Stylosanthes species and ecotypes), when:

* R&D resumes a major interest in developing low-input
pasture and forage technologies for infertile soils;

» Farmers perceive that soil loss and declining soil
fertility are becoming increasing constraints to
agricultural production;

* The economic environment favors the replacement, or
complementation, of synthetic nitrogen fertilizer with
the usage of nitrogen-fixing legumes;

* There is a major recognition and promotion of the
multipurpose potential of forage legumes (Schultze-
Kraft and Peters 1997). In this context, CIAT 184 in
China is an interesting example: A legume, originally
selected for extensive South American pastures grazed
by cattle, resulted in being used mainly as a soil cover
crop and for the production of concentrate to feed
pigs and poultry. This points, again, to regional and
production system differences regarding the potential
role of S. guianensis. The versatility of CIAT 184
suggests that R&D should consider its use for both
forage for livestock production (cut-and-carry systems,
grazed pastures) and a cover crop to regenerate soil
fertility and suppress weeds;

* The use for industrial production of leaf meal has
become an economic option outside China. In
this context, there are promising developments in
Madagascar (see above) and in Costa Rica [where
‘Legumix’ Stylosanthespellets are promoted (Sylvester-
Bradley 2019)]. The potential socioeconomic impacts
of the technology are to be stressed since importing
of costly concentrates is reduced or replaced and rural
employment is generated;

* Integrated production systems involving livestock,
crops and/or trees (agropastoral, silvopastoral and
agrosilvopastoral systems) continue to develop as
sustainable land use options. In such systems, a
legume like CIAT 184 should have particular potential
(livestock feed and soil cover);

* Legume-based conservation agriculture practices
expansion (e.g. Madagascar; Husson et al. 2013);

* There is a major recognition and a quantification of the
environmental services provided by forage legumes,
which could eventually lead to payment for ecosystem
services (Schultze-Kraft et al. 2018) and thus result in
major adoption incentives.

Research suggestions

In terms of future research on CIAT 184, we suggest the
following:

Adoption: Region-specific identification of constraints to
major adoption in future R&D activities.

Anthracnose: In spite of the continuing field resistance
of CIAT 184, breeding towards a broader and durable
genetic resistance, owing to the potential danger of new
physiological races of the fungus appearing. This includes
the strategy of developing new cultivars derived from
CIAT 184, which will have to be compared with more
recent composite hybrid cultivars such as ‘Nina’, “‘Ubon’
and ‘BRS Bela’ (Grof et al. 2001; Cook et al. 2020).

Forage quality: To optimize use of CIAT 184 for leaf
meal/pellet production, breeding for higher nutritive value
(improved leafstem ratio, lower fiber concentration).

Seed production: Breeding for increased seed yields, while
maintaining herbage production.

Rhizobiology: Taking into account (1) that symbiotic
nitrogen fixation is among the economically most important
attributes of tropical forage legumes, and (2) that seed
inoculation with improved Rhizobium strains may well
have a place in intensified production systems, screening
and selecting more effective and competitive Rhizobium
strains for CIAT 184.

Environmental adaptation: Breeding for better adaptation to
low temperatures and flooding to extend the environmental
conditions where CIAT 184 can be grown successfully.

Climate change (CC) implications: Breeding for better
adaptation to and mitigation of CC (Schultze-Kraft et al.
2018), not only in the case of CIAT 184 but for tropical
forage legumes in general. This would include selecting/
breeding for tolerance of flooding, soil salinity, drought and
temperature extremes. Suggested research areas for CC
mitigation are contribution to carbon accumulation in soil,
biological nitrification inhibition and reduction of enteric
methane emission.
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Herbage yield and quality of 12 Urochloa cultivars and lines in
Northeast Thailand

Rendimiento y calidad de forraje de 12 cultivares y lineas de Urochloa en el
noreste de Tailandia
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Abstract

Forage accumulation yields and nutritive value of 12 Urochloa cultivars and pre-commercial lines (Mulato II, Cayman,
Cobra, Marandu, Toledo, BRS Piatd, BRS Paiaguas, Ruzi, Humidicola, BRO4/3025, BRO4/3207 and BRO4/2515)
were evaluated in a field trial in Northeast Thailand during 2015-2018. Total herbage yields for cultivars and lines over
3 years ranged from 15,800 kg DM/ha (Ruzi) to 33,800 kg DM/ha (Toledo). Toledo produced the highest total biomass
across the 3 wet and dry seasons. BRS Piatd and BRS Paiaguas showed good performance, out-yielding Ruzi and
Mulato II in total DM in both wet and dry seasons. The 6 hybrid Urochloa cultivars/lines (Mulato 11, Cayman, Cobra,
BRO4/3025, BRO4/3207 and BRO4/2515) all accumulated similar total DM yields over 3 years, outyielding Ruzi
(P<0.05). Crude protein concentrations in forage were higher (P<0.05) in the dry season than wet season and in leaf
than stem. In the second and third dry seasons, Ruzi had higher CP concentrations in both leaf and stem than all other
cultivars and lines. ADF and NDF concentrations were lower in the dry season than the wet season. This trial has
shown that BRS Piata and BRS Paiaguas would be ideal replacements for Mulato II and Ruzi in Northeast Thailand
because of their superior dry season production for smallholder farmers for either cut-and-carry forage or grazing.

Keywords: acid detergent fiber, crude protein, dry matter yield, neutral detergent fiber.
Resumen

Se evaluaron los rendimientos de acumulacion de forraje y el valor nutritivo de 12 cultivares y lineas pre-comerciales de
Urochloa (Mulato 11, Cayman, Cobra, Marandu, Toledo, BRS Piatad, BRS Paiaguas, Ruzi, Humidicola, BRO4/3025,
BRO4/3207 y BRO4/2515) en un ensayo de campo en el noreste de Tailandia durante 2015-2018. Los rendimientos totales de
forraje de los cultivares y lineas durante 3 afios oscilaron entre 15,800 kg de MS/ha (Ruzi) y 33,800 kg de MS/ha (Toledo).
Toledo produjo la mayor biomasa total en las 3 temporadas himedas y secas. BRS Piatd y BRS Paiaguas tuvieron un buen
desempeiio, superando a Ruzi y Mulato II en MS total en ambas épocas (himeda y seca). Los 6 cultivares/lineas hibridas
de Urochloa (Mulato 11, Cayman, Cobra, BRO4/3025, BRO4/3207 y BRO4/2515) acumularon rendimientos totales de MS
similares durante 3 afios, superando a Ruzi (P<0.05). Las concentraciones de proteina cruda en el forraje fueron mas altas
(P<0.05) en la temporada seca que en la himeda y en la hoja que en el tallo. En la segunda y tercera temporadas secas, Ruzi
tuvo concentraciones de PC mas altas tanto en hojas como tallos que todos los demas cultivares y lineas. Las concentraciones
de FDN y FDA fueron mas bajas en la temporada seca que en la himeda. Este ensayo ha demostrado que BRS Piata y BRS
Paiaguas serian ideales como reemplazo de Mulato 11 y Ruzi en el noreste de Tailandia debido a su produccion superior en la
temporada seca para los pequefios agricultores, ya sea para forraje de corte y acarreo o para pastoreo.

Palabras clave: fibra detergente acida, fibra detergente neutra, proteina cruda, rendimiento de materia seca.
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Introduction

Urochloa (formerly Bracharia) species are the second
most common pasture grasses grown in Thailand
after Megathyrsus maximus cultivars (Hare 2020).
U. ruziziensis is grown widely in Thailand because of
the availability of large quantities of relatively cheap seed
(US$4-6/kg), although its dry season production is very
low (1,000-2,000 kg dry matter (DM)/ha) (Hare et al.
2005; 2009). Several new cultivars and pre-commercial
lines of Urochloa have been produced, which could be
suitable for sowing in Thailand (Table 1). Among them,
Urochloa hybrid Mulato II is now increasing rapidly in
popularity, because of its superior dry season production
(3,000—4,000 kg DM/ha), high leaf production (77-90 %
leaf) and high nutritive value (Hare et al. 2009; 2015a),
despite its relatively high seed price (US$12—14/kg).
Several field trials in Thailand over time have examined
production and quality of a range of Urochloa hybrids
and species compared with Mulato II (Hare et al. 2005;
2009; 2013; 2015a) and found inconsistent differences in
production between Mulato II and the other Urochloa
grasses. For example, Cayman produced more total DM
than Mulato II in only one wet season and one dry season,
with significantly lower leaf production (Hare et al. 2013;
2015a). Cobra had similar DM production to Mulato
II, but with lower leaf production (Hare et al. 2015a).

Toledo produced higher wet and dry season DM yields
than Mulato II in one series of trials (Hare et al. 2009),
but in another series of trials, DM yields of Toledo were
similar to or lower than those of Mulato II (Hare et al.
2009; 2015a). DM yields of Marandu were similar to those
of Mulato II in the wet season, but lower than those of
Mulato II in the dry season (Hare et al. 2009). In all trials,
Mulato II consistently produced the highest percentage of
leaf compared with other Urochloa cultivars and lines.

BRS Piata and BRS Paiaguas were reported to have
high DM production during the dry season in Brazil
(Euclides et al. 2001, 2009; Valle et al. 2013). These
cultivars are potential alternatives to existing Urochloa
grasses for sowing in Thailand. In addition, 3 new
Urochloa hybrid pre-commercial lines from Brazil
(BRO4/3025, BRO4/3207 and BRO4/2515) selected
for good drought tolerance and Humidicola were made
available from Tropical Seeds LLC.

The objective of this research was to examine the
seasonal production and quality in a field trial over 3 years
of 2 U. brizantha grasses (BRS Piata and BRS Paiaguas),
3 Urochloa hybrid lines (BRO4/3025, BRO4/3207 and
BRO4/2515) and U. humidicola cultivar ‘Humidicola’, all
new to Thailand, in comparison with Mulato II, Cayman,
Cobra, Marandu, Toledo and Ruzi. We hypothesized that
some of the new cultivars/lines would be superior to the
existing cultivars, especially during the dry season.

Table 1. Background of cultivars/pre-commercial lines of Urochloa species and hybrids.

Name Species and full name Synonyms Country and year of
cultivar registration
Marandu U. brizantha (Hochst. ex A. Rich.) R.D. BRA 000591 Brazil 1984
Webster cultivar ‘Marandu’
Toledo U. brizantha cultivar “Toledo’ CIAT 26110, Xaraés (Kenya & Brazil) Costa Rica 2000
BRS Paiaguas U. brizantha cultivar ‘BRS Paiaguas’ BRA 003891 Brazil 2013
BRS Piatd U. brizantha cultivar ‘BRS Piatd’ BRA 002844 Brazil 2007
Ruzi U. ruziziensis (R. Germ. & C. M. Evrard) CPI 30623, CIAT 605, BRA 000281, Australia 1966
Crins ILRI 16692
Cayman U. ruziziensis x U. decumbens (Stapf) R. D. CIAT BR02/1752 Mexico, Guatemala,
Webster x U. brizantha cultivar ‘Cayman’ Honduras and USA 2011
Mulato 1T U. ruziziensis x U. decumbens x U. brizantha  CIAT 36087, Convert Brazil Colombia and Mexico
cultivar ‘Mulato 1T’ 2005
Cobra U. ruziziensis x U. decumbens x U. brizantha ~ CIAT BR02/1794 Mexico and Argentina
cultivar ‘Cobra’ 2013
Humidicola U. humidicola (Rendle) Morrone & Zuloaga Panama 1990
cultivar ‘Humidicola’
BRO4/3025 U. ruziziensis x U. decumbens x U. brizantha ~ Camello Mexico 2019
BRO4/3207 U. ruziziensis x U. decumbens x U. brizantha
BRO4/2515 U. ruziziensis x U. decumbens x U. brizantha

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




Materials and Methods

A field experiment was conducted at Ubon Ratchathani
University, Thailand, (15°14°38” N, 104°50°55” E; 130
masl) from 2015 to 2018. The site was an upland sandy
low humic gley (Paleaquult) soil (Roi-et series) (Mitsuchi
et al. 1986). Soil samples, taken at seed sowing in July
2015, showed that the soil was acidic (pH 4.4; water
method) and low in organic matter (0.7 %), N (0.03 %),
P (8.9 ppm; Bray II extraction method) and K (7.1 ppm;
Flame Photometer method). During the 5 years prior to the
commencement of the experiment, the site was used for a
series of Megathyrsus grass trials. The site was prepared
and 12 Urochloa grass cultivars and pre-commercial lines
(Table 1) were sown in 3 x 5 m plots in a randomized
complete block design with 4 replications. Details of field
crop management are presented in Table 2.

Seed germination laboratory tests (alternating
temperatures of 12 h light at 35 °C and 12 h dark at
25 °C) prior to sowing indicated percentage germination
of Mulato I1 50 %, Cayman 50 %, Cobra 50 %, Marandu
30%, Toledo 30 %, BRS Piata 10 %, BRS Paiaguas
28 %, Ruzi 30 %, Humidicola 50 %, BRO4/3025 50
%, BRO4/3207 50 % and BRO4/2515 50 %. Sowing
rates were adjusted to 10 kg pure-live-seed/ha. At each
sampling cut (Table 2), when the grasses were at about
40—-60 cm above ground level, herbage in six 0.25 m?
quadrats per plot was cut at 5 cm from ground level and
weighed fresh. A 300 g subsample, taken from the bulked
sample, was divided into leaf and stem and subsamples
dried separately at 70 °C for 48 h to determine dry weight.
Dry weight data were accumulated each season to give
total dry matter, stem and leaf yields for each season.

Urochloa in NE Thailand 123

The dried subsamples were bulked for each season and
analyzed for total N using the Kjeldahl method (Kjeldahl
1883) and crude protein (CP) estimated (CP, % N X 6.25).
Acid detergent fiber (ADF) and neutral detergent fiber
(NDF) concentrations were measured from seasonal
bulked subsamples using the Van Soest method (Van
Soest 1963). At each sampling cut, observations were
recorded for emergence of inflorescences. After each
sampling cut, remaining herbage in the plots was cut to
5 cm from ground level and removed.

Data from the experiments were subjected to
analysis of variance, using the IRRISTAT program
from the International Rice Research Institute (IRRI).
Means of variables were compared using Fisher’s
protected LSD (P<0.05).

Results
Rainfall

Rainfall during the wet season (May—Oct) in 2016 and
2017 was 18 and 10 %, respectively, above the 20-yr
mean (Figure 1). In the dry season (Nov-Apr) rainfall
was close to average in the 2015/2016 season, 13 %
below average in the 2016/2017 season and 26 % above
average in the 2017/2018 season.

Forage accumulation and feed quality

For all cultivars and lines, as expected DM production
during the wet seasons (Table 3) far exceeded that in the
dry seasons. Over 3 wet seasons, Toledo accumulated
31, 41, 44, 83 and 111 % more total DM than BRS

Table 2. Field crop management during the evaluation of Urochloa cultivars and lines.

Management (time) Activity

Spraying (Jun 2015) Glyphosate at 3 L/ha
Field cultivation (Jul 2015)

Sowing method (10 Jul 2015)

Sowing rate adjusted for germination 10 kg pure-live-seed/ha
1,000 kg lime/ha and 200 kg NPK/ha (15:15:15) at sowing; 200 kg NPK/ha (15:15:15)

Fertilizer

Plowing % 2, disking x 1, harrowing x 1

Seed hand-broadcast and raked into soil along with lime and NPK fertilizer

after each sampling harvest

Sampling harvests

First wet season (2015)
First dry season (2016)
Second wet season (2016)
Second dry season (2017)
Third wet season (2017)
Third dry season (2018)

17 Sep, 2 Nov (Two cuts as seed was sown in mid-wet season)
25 Apr

9 Jun, 25 Jul, 6 Sep, 25 Oct

17 Jan, 25 Apr (Two cuts due to good growth in Nov and Dec)
6 Jun, 19 Jul, 4 Sep, 16 Oct

1 May
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Figure 1. Rainfall at the Ubon Ratchathani University meteorological station, 200 m from the research site, during the experiment

compared with the medium-term mean (1998-2018).

Table 3. Total dry matter accumulation (kg/ha) of Urochloa cultivars and lines in wet (May—Oct) and dry (Nov—Apr) seasons

during 2015 to 2018 at Ubon Ratchathani, Thailand.

Cultivar/line First year 2015-2016  Second year 2016—2017  Third year 2017-2018  Accumulated total yield
Wet Dry Wet Dry Wet Dry Wet Dry

Mulato 11 3,372bc! 426b 9,508bc 1,630b 8,024bc 1,160b 20,904bc 3,216b
Cayman 6,016a 483bc 9,440bc 2,014ab 8,580bc 1,088b 24,036ab 3,585ab
Cobra 5,887a 457b 8,164¢ 1,572b 6,336¢ 1,013bc 20,387bc 3,042b
Marandu 5,982a 465b 10,152b 1,778b 8,836b 1,126b 24,970ab 3,369ab
Toledo 4,778ab 481b 12,408ab  2,360ab 12,336a 1,426ab 29,522a 4,267ab
BRS Piata 3,036bc 602a 13,184a 2,194ab 10,020b 1,527a 26,240b 4,323a
BRS Paiaguas 2,741bc 571ab 9,844bc 2,616a 9,900b 1,263ab 22,485b 4,450a
Ruzi 4,670ab 520ab 6,312¢ 640¢ 5,412¢ 697¢ 13,983¢ 1,857¢
Humidicola 1,759¢ 418b 7,412¢ 2,640a 6,920c 1,095b 16,091c 4,153ab
BRO4/3025 5,132ab 558ab 10,108b 1,926b 8,940b 1,297ab 24,180ab 3,781ab
BRO4/3207 4,499ab 521ab 10,604b 2,120ab 9,704b 1,384ab 24,807ab 4,025ab
BRO4/2515 5,867a 514ab 9,892bc 2,386ab 9,804b 1,379ab 25,563ab  4,279ab
LSD (P<0.05) 2,054 107 1,900 644 1,848 332 5,802 1,083

"Means within columns followed by the same letter are not significantly different (P>0.05).

Paiaguas, Mulato II, Cobra, Humidicola and Ruzi,
respectively (P<0.05; Table 3). The 6 Urochloa hybrids
(Mulato II, Cayman, Cobra, BRO4/3025, BRO4/3207
and BRO4/2515), Marandu, BRS Piatd and BRS Paiaguas
accumulated similar DM vyields over the 3 wet seasons
and significantly (P<0.05) more DM than Ruzi and
Humidicola, although BRS Piata accumulated 28 % more
DM over 3 wet seasons than Cobra. In the establishment
year, Cayman, Cobra, Marandu and BRO4/2515 out-
yielded Mulato II, BRS Piatd, BRS Paiaguas and

Humidicola during the wet season (P<0.05; Table 3),
while in the first dry season, BRS Piata (600 kg DM/ ha)
produced higher DM yields (P<0.05) than Mulato II,
Cayman, Cobra, Marandu and Toledo. Overall yields
more than doubled in the second wet season (mean yield
4,478 kg DM/ha in 2015 vs. 9,952 kg DM/ha in 2016)
and BRS Piata (13,000 kg DM/ha) out-yielded all other
cultivars and lines (P<0.05), except for Toledo, while Ruzi
(6,300 kg DM/ha) had significantly (P<0.05) lower yields
than the other cultivars, except for Cobra and Humidicola.
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Growth differences between cultivars and lines
occurred in the second dry season, when growth far
exceeded that in the first dry season, with BRS Paiaguas,
Humidicola, Toledo and BRO4/2515 having higher yields
(P<0.05) than Mulato II, Cobra and Ruzi. High DM yields
persisted in the third wet season (mean 8,734 kg DM/ha),
with Toledo (12,300 kg DM/ha) out-yielding all other
cultivars and lines, while BRS Piata and BRS Paiaguas
out-yielded Mulato II, Cobra, Ruzi and Humidicola.
During the third dry season, DM yields for BRS Piata
(1,500 kg DM/ha) exceeded those for Mulato II, Cayman,
Cobra, Marandu, Ruzi and Humidicola (P<0.05).

Overall DM yields for the various cultivars and lines
over the 3 years ranged from 15,840 kg/ha for Ruzi to
33,789 kg/ha for Toledo. Accumulated DM yields for Ruzi
were significantly lower than for all other cultivars and
lines except for Humidicola in the wet season (Table 3).

In the first wet season, Cayman and Marandu
produced more leaf DM (3,700 kg leaf DM/ha) than
Mulato II, BRS Piata, BRS Paiaguas, Ruzi, Humidicola
and BRO4/3207 (P<0.05; Table 4). In the second wet
season, both Toledo (8,400 kg leaf DM/ha) and BRS
Piata (7,900 kg leaf DM/ha) accumulated more leaf
DM/ha than all other cultivars (P<0.05). Mulato II and
Marandu produced more leaf DM (6,700 kg leaf DM/ha)
in the second wet season than Ruzi, Humidicola, BRS
Paiaguas, BRO4/3025, BRO4/3207 and BRO4/2515.
Similarly in the third wet season, Toledo produced more
leaf dry matter (8,500 kg leaf DM/ha) than all other
cultivars and lines (P<0.05) and in the same season,
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Mulato II produced more leaf DM (6,000 kg leaf DM/ha)
than Cobra, Ruzi, Humidicola, BRO4/3025, BRO4/3207
and BRO4/2515. Differences between cultivars and lines
in leaf production during the dry seasons when yields
were low tended to be relatively small, with Toledo
consistently the highest and Ruzi the lowest.

In the first wet season, Cobra (2,700 kg stem DM/ha)
and BRO4/2515 (2,600 kg stem DM/ha) produced more
stem than Mulato II, Toledo, BRS Piata, BRS Paiaguas
and Humidicola (P<0.05; Table 5). In the second
wet season, BRS Piatd (5,300 kg stem DM/ha) and
BRO4/3207 (5,000 kg stem DM/ha) produced more stem
DM than Mulato II, Cayman, Cobra, Marandu, Toledo,
BRS Paiaguas, Ruzi and Humidicola (P<0.05; Table 4).
In the third wet season BRO4/2515 (5,200 kg stem DM/
ha) produced similar stem DM yields to BRO4/3207
and BRO4/3015 and more stem DM than all the other
cultivars and lines (P<0.05; Table 5).

In the second dry season Humidicola produced 2—4
times more stem DM (1,260 kg stem DM/ha) than all other
cultivars and lines. In contrast, in the third dry season,
BRO4/3025, BRO4/2515, BRO4/3207, Humidicola,
BRS Paiaguas and BRS Piatd produced similar stem
DM yields (320-380 kg stem DM/ha; P>0.05), which
were greater than those of Mulato II, Cayman, Cobra,
Marandu, Toledo and Ruzi (P<0.05; Table 5).

Mulato II produced a higher proportion (P<0.05) of
leaves than all other cultivars and lines in all seasons
(wet season average 72 %; dry season average 90 %),
except in the first wet season, when Toledo and BRS

Table 4. Total leaf accumulation (kg DM/ha) of Urochloa cultivars and lines in wet (May—Oct) and dry (Nov—Apr) seasons from

2015 to 2018 in Ubon Ratchathani, Thailand.

Cultivar/line First year 2015-2016 Second year 20162017 Third year 2017-2018
Wet Dry' Wet Dry Wet Dry
Mulato 11 2,306bc? - 6,744b 1,482ab 6,004b 1,033ab
Cayman 3,722a - 6,000bc 1,654ab 5,492bc 918b
Cobra 3,100ab - 4,644c 1,254b 3,832cd 804b
Marandu 3,692a - 6,652bc 1,536ab 5,916bc 922b
Toledo 3,316ab - 8,432a 1,988a 8,560a 1,202a
BRS Piatd 1,852bc - 7,884a 1,774ab 6,112b 1,189a
BRS Paiaguas 1,750bc - 5,828bc 1,840ab 5,836bc 881b
Ruzi 2,259b - 3,184d 512¢ 2,800d 502c
Humidicola 913c - 3,484d 1,374b 3,188d 728bc
BRO4/3025 3,009ab - 5,454¢ 1,466b 4,476¢ 973ab
BRO4/3207 2,580bc - 5,596¢ 1,576ab 4,884c 1,039ab
BRO4/2515 3,232ab - 5,152¢ 1,762ab 4,564c 995ab
LSD (P<0.05) 1,096 - 1,064 506 1,056 265

"Not measured; 2Means within columns followed by the same letter are not significantly different (P>0.05).
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Table 5. Total stem accumulation (kg DM/ha) of Urochloa cultivars and lines in wet (May—Oct) and dry (Nov—Apr) seasons from
2015 to 2018 in Ubon Ratchathani, Thailand.

Cultivar/line First year 2015-2016 Second year 20162017 Third year 2017-2018

Wet Dry! Wet Dry Wet Dry
Mulato 11 1,066b* - 2,764c 148d 2,020d 127¢
Cayman 2,294ab - 3,440bc 360cd 3,088¢ 170bc
Cobra 2,787a - 3,520bc 318cd 2,504cd 209bc
Marandu 2,290ab - 3,500bc 242¢ 2,920c¢ 204bc
Toledo 1,462b - 3,976b 372cd 3,776bc 224b
BRS Piata 1,184b - 5,300a 420c¢ 3,908bc 338a
BRS Paiaguas 991b - 4,016b 776b 4,064b 382a
Ruzi 2,411ab - 3,128b 128d 2,612¢cd 195bc
Humidicola 846b - 3,928b 1,266a 3,732bc 367a
BRO4/3025 2,123ab - 4,654ab 460c 4,464ab 324a
BRO4/3207 1,919ab - 5,008a 544bc 4,820ab 345a
BRO4/2515 2,635a - 4,740ab 624bc 5,240a 384a
LSD (P<0.05) 1,040 908 270 868 94

"Not measured; 2Means within columns followed by the same letter are not significantly different (P>0.05).

Paiaguas had similar leaf proportions to Mulato II
(P>0.05; Table 6). Leaf proportions of all cultivars and
lines were higher in the dry season than in the wet season.
BRO4/3025, BRO4/3207 and BRO4/2515 produced a
dense population of inflorescences in September in the
first year and in July and September in the second and
third years, but inflorescence emergence of other species
and lines was negligible.

Indices used to compare feed value of the grasses
varied between sampling period (wet vs dry seasons) and

cultivar/line. Crude protein concentrations in forage were
higher in the dry season than in the wet season and in
leaf than in stem (Table 7). Humidicola had higher CP
concentrations in both stem and leaf in the first wet season
than all other cultivars and lines (P<0.05). In the second
and third dry seasons, Ruzi, the other low-yielding grass,
had higher CP concentrations in both leaf and stem than
all other cultivars and lines. In the second wet season,
BRS Piata had higher CP concentrations in leaf than other
cultivars and lines, except for BRS Paiaguas, Ruzi and

Table 6. Leaf proportion (% DM) of Urochloa cultivars and lines in wet (May—Oct) and dry (Nov—Apr) seasons from 2015 to 2018

in Ubon Ratchathani, Thailand.

Cultivar/line First year 2015-2016 Second year 20162017 Third year 2017-2018
Wet Dry' Wet Dry Wet Dry
Mulato II 68a? - 73a 92a 75a 89a
Cayman 62b - 64d 83bc 64cd 84b
Cobra 52¢ - 58f 82bcd 62d 79¢
Marandu 62b - 67c 87ab 67c 82bc
Toledo 69a - 70b 84b 71b 84b
BRS Piatd 61b - 6le 81b 62de 78¢
BRS Paiaguas 64ab - 6le 7lc 60d 70de
Ruzi 48d - S53g 83bc 54e 73d
Humidicola S52¢ - 48h 59d 47f 66¢
BRO4/3025 59bc - 56f 77c Slef 76¢cd
BRO4/3207 57bc - S54¢g 76¢ 53e 75¢cd
BRO4/2515 55¢ - Sg 75¢ 49f 72d
LSD (P<0.05) 53 - 2.5 6.6 32 4.2

"Not measured; 2Means within columns followed by the same letter are not significantly different (P>0.05).
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Humidicola, which had similar CP concentrations. In the
third wet season, CP concentrations in leaf of Cobra were
similar to those in leaf of Mulato II, Cayman and Ruzi,
but higher than for all other cultivars and lines.

ADF (26-50 %) and NDF (45-78 %) concentrations
varied between cultivars and lines, seasons and plant
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parts (Tables 8 and 9). Dry season concentrations were
lower than those in the wet season and leaf concentrations
were lower than in stems. In most wet seasons, Mulato
II, Cayman, Cobra and Ruzi had lower leaf ADF and
NDF concentrations than many of the other cultivars and
lines (P<0.05; Tables 8 and 9).

Table 7. Crude protein concentrations (%) in stem and leaf of Urochloa cultivars and lines in wet (May—Oct) and dry (Nov—Apr)

seasons from 2015 to 2018 in Ubon Ratchathani, Thailand.

Cultivar/line First year 20152016 Second year 20162017 Third year 2017-2018
Wet Dry' Wet Dry Wet Dry

Stem  Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf  Stem  Leaf
Mulato 1T 770> 13.1b - - 2.9ab  7.5b 73d  9.6bc 59ab 9.2ab 9.9de 12.6b
Cayman 6.lcd 1l.lc - - 2.1bc  73c 79c  8.l1de 54b 93ab  12.0c 13.1b
Cobra 59cd 1l.lc - - 1.8¢c 7.5b 86b 81lde 57ab 94a 13.2b  12.1bc
Marandu 5.6d 11.0c - - 1.7¢ 7.2b 72d  89cd 5.5ab  8.3b 89ef 12.2bc
Toledo 58cd  9.6d - - 1.9c  6.3c 73d  8.6d 49  8.0b 109d 13.2b
BRS Piata 7.2bc  10.8cd - - 1.7¢ 8.4a 73d  79e 49  7.2¢c 10.9d 12.1bc
BRS Paiaguas 7.7b 9.8d - - l.bc 7.8ab 62¢ 79 44c  8.2b 109d 12.5b
Ruzi 6.6¢ 11.7¢ - - 3.0ab 79ab 12.3a 14.6a 59ab 9.2ab 159a 17.7a
Humidicola 10.0a 14.3a - - 33a 7.8ab 5.8¢ 7.5¢ 6.0a  8.3b 8.1f 8.9¢c
BRO4/3025 57d  10.8¢d - - 2.8ab  7.0b 7.8c  92cd 58ab 8.6b 10.4de 12.2bc
BRO4/3207 59cd  10.9cd - - 24bc  7.2b 71d 10.1b  58ab 8.1b 94e  12.9b
BRO4/2515 6.lcd 11.7¢c - - 2.6b 7.4b 7.5¢ 9.3¢c 49bc  8.0b 10.8d 13.2b
LSD (P<0.05) 0.8 0.9 - - 0.5 0.6 0.4 0.6 0.5 0.7 1.0 34

"Not measured; 2Means within columns followed by the same letter are not significantly different (P>0.05).

Table 8. Acid detergent fiber concentrations (%) in stems and leaves of Urochloa cultivars and lines in wet (May—Oct) and dry
(Nov—Apr) seasons from 2015 to 2018 in Ubon Ratchathani, Thailand.

Cultivar/line First year 2015-2016 Second year 20162017 Third year 2017-2018
Wet Dry' Wet Dry Wet Dry

Stem  Leaf Stem Leaf Stem  Leaf  Stem  Leaf Stem Leaf  Stem  Leaf
Mulato I1 26.8b?  28.6e - - 39.0e  31.3i  297d 277c 40.3g 324d 387b 30.5¢c
Cayman 35.8a  27.8f - - 414d  31.05 28.3e 303ab 42.6e 313¢ 367d 29.1e
Cobra 38.1a  28.lef - - 457b  330h 30.8c 289b  444c 31.7de 39.1b 30.8c
Marandu 38.7a  31.9b - - 43.5¢  36.5¢c 31.2bc 26.1d 43.8¢c 353b  39.1b 32.1b
Toledo 389a 3l.lc - - 48.8a 37.2ab 31.6b 30.5a 458b 38.8a 39.8a 29.8d
BRS Piata 38.3a  31.5bc - - 459b 37.0b  31.6b 29.1b 454b 36.0b 39.0b 329a
BRS Paiaguas 40.7a  31.0c - - 49.8a 350d 38.8a 29.1b 50.6a 35.5b 40.0a 32.9a
Ruzi 38.8a 28.0ef - - 449 33.0h 29.6d 263d 452b 30.8¢ 36.1d 27.8f
Humidicola 389a 33.1a - - 448bc 37.3a  31.6b 3l4a 41.6f 354b  37.0cd 329a
BRO4/3025 39.8a 3l.lc - - 450b 34.0e 293d 289b  434d 34.1c 369d 30.2cd
BRO4/3207 40.8a  30.6¢ - - 454b  337f  297d 283bc  44.5¢ 342c¢c 37.0cd 30.5¢
BRO4/2515 40.4a 29.8d - - 45.6b 334g 31.0bc 274cd 457b 34.5fc  37.5¢ 29.8d
LSD (P<0.05) 7.1 0.7 - - 1.3 0.2 0.6 1.2 0.7 0.7 0.5 0.6

"Not measured; 2Means within columns followed by the same letter are not significantly different (P>0.05).
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Table 9. Neutral detergent fiber concentrations (%) in stems and leaves of Urochloa cultivars and lines in wet (May—Oct) and dry
(Nov—Apr) seasons from 2015 to 2018 in Ubon Ratchathani, Thailand.

Cultivar/line First year 2015-2016 Second year 20162017 Third year 2017-2018
Wet Dry! Wet Dry Wet Dry

Stem Leaf Stem Leaf Stem  Leaf Stem  Leaf Stem Leaf Stem  Leaf
Mulato 11 62.0d> 44.8b - - 72.8¢  66.2c  594g S8.le 68.7f 61.5f 71.3b 62.7def
Cayman 62.3d 53.6ab - - 70.0f 62.1d 5451 63.3b 70.7d  589h  67.5d  63.6d
Cobra 64.4c  41.3b - - 75.6c  634cd 58.4h 597d  72.4cd 60.3g 699c  61.2¢
Marandu 67.4b 604a - - 77.0bc 69.0bc  63.2¢c 56.5f 72.6cd 65.1e 70.5bc 66.9bc
Toledo 67.4b 62.7a - - 78.0b 70.8a 62.3d 62.1b 753bc  67.7d 719ab 66.9bc
BRS Piata 66.5b  60.2a - - 78.6bc  73.1a  652b  60.6c 75.1bc  67.7d 71.8ab  68.2b
BRS Paiaguas 69.2a 59.8a - - 81.7a 69.8bc 71.6a 59.6d 777a 673d 72.0ab 68.2b
Ruzi 66.0b 53.9ab - - 75.8c  653c  59.6g 53.7g 72.2d 589h 64.9¢  57.6f
Humidicola 67.0b 63.1a - - 779b 72.6ab 65.8b 63.6b 73.0c 684c 72.6a 7lla
BRO4/3025 69.8a 66.3a - - 79.1b  70.lab 60.2fg 64.9a 739c 70.0a 71.3b 66.8bc
BRO4/3207 68.lab 61.5a - - 787b  69.8b  60.0fg 64.1ab 73.3cd 68.0c 71.3b  65.8¢c
BRO4/2515 69.6a 61.2a - - 79.0b 70.3ab  61.5¢ 60.0cd 76.1b 69.3b 71.8ab 66.2¢c
LSD (P<0.05) 1.8 14.7 - - 2.5 3.0 0.6 0.8 1.5 0.6 1.1 1.6

"Not measured; ‘Means within columns followed by the same letter are not significantly different (P>0.05).

Discussion

This study has shown that Urochloa cultivars not
currently used in Thailand (Toledo, BRS Piata, BRS
Paiaguas) may have advantages over the 2 cultivars in
general use (Ruzi and Mulato II).

Toledo consistently produced high dry matter yields
in both wet and dry seasons, supporting results of a
previous study in Thailand, where Toledo produced
significantly higher DM yields in both wet and dry
seasons than Ruzi and Mulato II (Hare et al. 2009). In
Kenya, Toledo (Xaraés) produced significantly more total
DM than Mulato II in several trials, but forage quality
(CP and NDF concentrations) of Mulato II was superior
to that of Toledo (Njarui et al. 2016; Ondiko et al. 2016;
Kifuko-Koech et al. 2021). This was in agreement with
studies in Ecuador, where Toledo (Xaraés) produced
significantly greater total and leaf DM yields than Mulato
I1, but with lower CP concentrations (Garay et al. 2017).
In the current Thailand study, Toledo also produced
significantly more leaf DM than Ruzi in all seasons
and Mulato II in the second and third wet seasons, but
with lower CP concentrations and higher NDF and ADF
concentrations than both Ruzi and Mulato II.

Despite the outstanding DM performance of Toledo
in this trial and in previous trials (Hare et al. 2009), there
is no commercial seed production of Toledo in Thailand,
which could limit wide adoption. It is late maturing and
flowers later in the dry season than Ruzi and Mulato

I, producing few inflorescences, resulting in low or no
seed yields (Hare et al. 2015b). Another possible factor
that may limit adoption is that most farmers in Thailand
use cut-and-carry forage production and Toledo has
sharp leaf edges, which can cause discomfort to the
handler, whereas Ruzi and Mulato II have softer leaves.
We consider Toledo to be better suited to grazing than to
cut-and-carry feeding.

In Kenya, BRS Piatd produced higher DM yields
than Mulato II in both dry and wet seasons in several
trials, but with lower CP concentrations and higher NDF
concentrations (Kifuko-Koech et al. 2021). Similarly, a
study from Ecuador found that BRS Piata cut at 4- and
6-week intervals, produced significantly more total DM
than Mulato II, but with lower CP concentrations (Garay
et al. 2017). In contrast, a study in Rwanda found that
BRS Piatd was superior in nutritional characteristics to
those of Mulato II (Mutimura et al. 2017). BRS Piata
would be a valuable cultivar to be promoted more in
Thailand if seed could be produced locally.

BRS Paiaguas grown in Brazil has proven to be more
productive than BRS Piata in the dry season, producing
more dry matter and carrying more stock (Valle et al.
2013; Euclides et al. 2016). In the current study, BRS
Paiaguas produced similar accumulated total DM yields
to BRS Piatd over the 3 dry seasons. However, the
quality of BRS Paiaguas was lower than that of Mulato
IT and Ruzi, with lower crude protein levels and higher
ADF and NDF levels.
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The hybrid Urochloa cultivars (Mulato II, Cayman
and Cobra) and lines (BRO4/3025, BRO4/3207 and
BRO4/2515) all accumulated similar total DM yields
throughout the study, which were significantly higher
than those of Ruzi. Mulato II was slower to establish in
the first wet season than the other hybrid cultivars and
lines. However, Mulato Il had a significantly higher
proportion of leaf than the other hybrid cultivars and
lines in all seasons. Previous studies have shown that
Cayman and Cobra did not show any production and
nutritive advantages over Mulato Il (Hare et al. 2013,
2015a; Vendramini et al. 2014). Cayman was released for
its waterlogging tolerance and Cobra for its strong upright
nature for cut-and-carry forage (Hare et al. 2015a). Owing
to lack of production advantages over Mulato II and their
lower seed yields in village seed production programs,
these cultivars are not currently promoted in Thailand.
BRO4/3025 has now been released by Grupo Papalotla as
cultivar ‘Camello’ (bit.ly/3Bg5wnF) for its good drought
tolerance and decumbent nature making it suitable for
grazing. Camello displayed no production advantages
over Mulato II and in Mexico, DM production of Camello
was lower than that from Toledo, Cobra and Cayman in
the dry season (Robles-Vega et al. 2020). Camello has
an extended flowering period in the middle of the wet
season, July to September, and in trials in Thailand seed
yields were negligible (Hare unpublished data).

Marandu established very quickly and, over 3 years,
accumulated DM yields that were similar to those of
the other cultivars and lines in the dry season, except
for Ruzi. Other studies in Thailand have shown that
DM yields of Marandu were consistently intermediate
between those of Mulato II and Ruzi (Hare et al. 2009).
Humidicola grew poorly in the wet season when over
80 % of the herbage is produced. A previous study in
Thailand showed that Humidicola compared with several
other grass species had intermediate wet season DM
production and above average dry season DM production
(Hare et al. 1999). Humidicola has a reputation for
being invasive, which is not desirable for many pasture
species. In the current study after 3 years, Humidicola
was spreading out and invading surrounding plots from
stolons. Seed production in Thailand is difficult, due to
its extended flowering period in the wet season (Hare
unpublished data), so it was not evaluated further.

This trial has shown that BRS Piatd and BRS
Paiaguas would be ideal replacements for Mulato II
and Ruzi in Northeast Thailand for their superior dry
season production and they would appeal to smallholder
farmers for either cut-and-carry forage or grazing. If
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seeds of Toledo could be produced in Thailand, this
cultivar should be considered for grazing because of its
superior DM production over Mulato II and Ruzi.
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Articulo Cientifico

Efecto a largo plazo del pastoreo rotacional en Urochloa brizantha
cv. Marandu sobre indicadores de calidad del suelo

Long-term effects of rotational grazing in Urochloa brizantha cv. Marandu
pastures on soil quality indicators

NELINO FLORIDA ROFNER!, ROBER MILER ABAD PRINCIPE!, ALEX RENGIFO-ROJAS? Y JAVIER
NAZAR CIPRIANO!

'Departamento de Conservacion de Suelos y agua, Universidad Nacional Agraria de la Selva, Hudnuco, Perii. unas.edu.pe
*Departamento de Ciencias Econdémicas, Universidad Nacional Agraria de la Selva, Hudnuco, Per. unas.edu.pe

Resumen

Lacrianza de ganado bovino es una actividad importante en Peru, con sistemas de produccion diferenciados por el propoésito,
condiciones edafoclimaticas y practicas de manejo de las pasturas. En la finca Ruiz, distrito Codo del Pozuzo (Huanuco,
Perti), se evalud el efecto del pastoreo por varios afios sobre la calidad del suelo a través de indicadores fisicos (textura y
resistencia a la penetracion), y quimicos (pH, MO, N, P, K*, Ca?", Mg*, Al*, CIC, saturacion de bases, acidez cambiable y
saturacion de aluminio), en potreros de pasto Urochloa (syn. Brachiaria) brizantha cv. Marandi manejados por 10 (PU10),
20 (PU20), 30 (PU30) y 40 afios (PU40), y en un bosque secundario (BS) contiguo como referencia. Los datos se analizaron
con estadistica descriptiva, multivariada y a través de modelos de regresion lineal multiple. La resistencia a la penetracion
en el suelo tendid a incrementar en el tiempo, y se detectaron diferencias para todos los indicadores quimicos, excepto el
pH y AI**. La transformacion del bosque en areas de pasturas afectd negativamente los niveles de pH, K, Ca?*, Mg, y CIC
y elevo el contenido de AI**. Los resultados sugieren que el sistema de manejo del pastoreo aplicado hasta por 40 afios en la
finca bajo estudio resultd en compactacion, pérdida de bases cambiables y toxicidad por aluminio en el suelo. Se requiere
estudios adicionales para determinar cual seria el efecto del manejo racional del pastoreo considerando la capacidad
de carga, asi como el tratamiento con arado y fertilizacion, para mitigar el efecto del pisoteo, revertir la compactacion,
mejorar la disponibilidad de nutrientes y reducir la concentracion de AI** en el suelo.

Palabras clave: Compactacion del suelo, manejo de pastoreo, modelamiento, toxicidad por aluminio.
Abstract

Cattle raising is an important activity in Peru, with production systems differentiated by purpose, edaphoclimatic
conditions and pasture management practices. In Ruiz farm, located in Codo del Pozuzo district (Huanuco, Peru), the
effect of long-term grazing on soil quality was evaluated through physical (texture, penetrometer resistance) and chemical
indicators (pH, OM, N, P, K', Ca**, Mg*', Al**, CEC, base saturation, exchangeable acidity and aluminum saturation), in
Urochloa brizantha cv. Marandu pastures managed for 10 (PU10), 20 (PU20), 30 (PU30), and 40 years (PU40), compared
to a contiguous secondary forest (BS) area. Data were analyzed with descriptive and multivariate statistics, and multiple
linear regression models. Long-term (up to 40 years) grazing resulted in increasing soil compaction over time, and
affected all chemical indicators evaluated, except for pH and AI**. The transformation of forest into pastures negatively
affected the pH, K*, Ca?*, Mg?" and CEC levels, and increased AI** content. Results obtained suggest that the rotational
grazing system applied for up to 40 years in the study farm resulted in soil compaction, loss of exchangeable bases and
aluminum toxicity. Further studies are required to determine the effects of applying a rational grazing management
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considering the carrying capacity of the pastures, as well as plowing and fertilization, as means to mitigate trampling
effects, reverse compaction, improve nutrient availability and reduce AI** content in soils.

Keywords: aluminum toxicity, grazing management, modelling, soil compaction.

Introduccion

En Perti hay diversidad de sistemas de produccion
bovina, diferenciados por el proposito, las condiciones
edafoclimaticas y el manejo del pastoreo. El hato
nacional es de 5,599,893 cabezas de bovinos, con un
rendimiento medio en canal de 142.16 kg/animal. Los
bovinos y otros herbivoros (ovinos, caprinos, camélidos
suramericanos) se manegjan en 10,691,779 ha de pastos
introducidos y 18,018,794 ha de pasto naturales, y se
tiene un total de 2,213,377 productores ganaderos.
La region Huanuco ocupa el segundo lugar en la
produccion bovina a nivel nacional con 22,970 t de
carne/afio, después de Cajamarca que produce 24,660 t
anuales (Midagri 2021). En el distrito Codo del Pozuzo
(Huanuco, Perti), donde se desarrolld este trabajo, la
crianza de ganado bovino es la actividad economica
principal.

La transformacion de bosques en pasturas sin
criterios técnicos ha sido una practica comun por
varios afios, que ha resultado en impactos negativos
sobre la calidad del suelo (Ordonez et al. 2022), con la
consiguiente disminucion de la disponibilidad y calidad
de las pasturas, y por tanto en la productividad animal
(Escalante 2015). La magnitud de esos efectos varia
en funcion de las caracteristicas del suelo, las especies
forrajeras usadas, sumanejo y las condiciones climaticas,
entre otros factores (Cervelati et al. 2011).

El sobrepastoreo afecta los atributos del suelo como
consecuencia del pisoteo (Navarro et al. 2018), y la
magnitud de su efecto varia en funcion de la textura
(Costa et al. 2009; Cervelati et al. 2011), el sistema de
manejo del pastoreo (Sarmento et al. 2008), la cantidad
de residuos vegetales y el contenido de humedad del
suelo (Flores et al. 2007), entre otros factores. Todo
esto pueden potenciar el proceso de compactacion y
degradacion del suelo (Muller et al. 2001; Navarro et
al. 2018), especialmente en suelos arcillosos (Costa et
al. 2009), afectando integralmente la calidad del suelo a
medida progresa el tiempo (Sharrow 2007; Cervelati et
al. 2011; Kavana et al. 2021).

En este contexto, el objetivo de esta investigacion
fue evaluar el efecto a largo plazo del manejo con

pastoreo rotacional sin control de carga, practicado
comunmente por los productores del distrito Codo
del Pozuzo, sobre los indicadores fisicoquimicos
de calidad del suelo, tomando como caso la finca
“Ruiz”. El propdsito del presente estudio fue generar
informacion sobre los riesgos potenciales del mal
manejo de pasturas sobre la degradacion del suelo, y
con base en ello plantear alternativas de mejoramiento
de los sistemas tradicionales practicados en la zona.

Materiales y Métodos
Ubicacion y caracteristicas del darea de estudio

Lainvestigacion se desarrolld en la finca Ruiz, ubicadaa 10
km de la cabecera del distrito Codo del Pozuzo (9°40'12"S
y 75°27'47"0), provincia Puerto Inca, region Huanuco
(Peru). De acuerdo con la clasificacion de Pulgar (2014),
el area de estudio pertenece a la ecorregion Omagua
o Selva Baja, con medias de: 26.5 °C de temperatura,
84 % de humedad relativa y 3,400 mm de precipitacion,
distribuidos en forma bimodal, con la época seca entre
junio y setiembre, y la lluviosa entre octubre y mayo.

Identificacion de las areas utilizadas en el estudio

Para esta investigacion se identificaron potreros de 10,
20, 30 y 40 afios de antigliedad, manejados bajo un
esquema de pastoreo rotacional sin control de la carga,
asi como un area de bosque secundario contiguo a las
areas de pasturas, que sirviéo como control. En cada area
de estudio se estableci6 transectos, tomados en la parte
central del potrero y trazados en direccion Este-Oeste,
cortando el potreo en dos secciones similares. Alli, se
tomaron ocho muestras con distanciamiento uniforme
de 40 a 50 m entre puntos de muestreo a lo largo de
cada transecto (Cuadro 1). La profundidad del muestreo
de suelos fue en el estrato superficial de 0.00—0.15 m,
siguiendo las recomendaciones de Sarmento et al. (2008),
Flores et al. (2007) y Costa et al. (2009), y las muestras se
enviaron para analisis en el Laboratorio de Suelos, Agua
y Ecotoxicologia de la Universidad Nacional Agraria de
la Selva (Tingo Maria, Pert).
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Cuadro 1. Ubicacion de los transectos de muestreo.

Tratamiento  Transecto Coordenadas Altitud
S 0 (msnm)
BS Inicio  9°41'37"  75°26'00" 369
Final 0°41'23"  75°25'59" 369
PU10 Inicio  9°4145" 75°26'00" 369
Final 9°41'42"  75°25'52" 367
PU20 Inicio  9°41'31"  75°26'08" 361
Final 9°41'35"  75°26'03" 363
PU30 Inicio  9°41'47"  75°25'43" 366
Final 9°41'41"  75°25'32" 358
PU40 Inicio  9°41'27" 75°25'56" 366

Final 9°41'35"  75°25'46" 365

Bosque secundario (BS)

El BS considerado como tratamiento control, es un area
que se mantiene como reserva en la finca Ruiz. Las
especies arboreas mas representativas son: Macrolobium
acaciifolium Benth 'pashaco blanco", Inga ruiziana G.
Don ‘'shimbillo', Calycophyllum spruceanum (Bent.)
Hook 'capirona', Polyscias murrayi F. Muel 'palo lapiz',
Ficus insipida Willd 'oje', Uncaria guianensis (Aubel)
JF.Gmel 'uiia de gato', Himatanthus sucuuba Woods
'bellaco caspi, Trema micrantha Roemex & Schult.
Blume 'atadijo', Cecropia membranacea Trécul 'setico),
Cariniana periformis Miers 'cachimbo', Ochroma
pyramidale Cav. Ex. Lamb 'topa' y el Euterpe oleracea
Mart. 'huasai', entre otras.

Caracteristicas de las pasturas

Todas las areas de pasturas estaban sembradas de
U. brizantha (Richard) Stapf cv Marandu, especie que fue
introducida al Peru en la década de los ochenta, excepto
por el potrero de 40 afios, que en los primeros cinco afios
estuvo cubierto por Axonopus compressus, y luego fue
reemplazado por U. brizantha. Esta ultima es la unica
especie de pasto mejorado presente en las mas de 80 ha de
la finca. El manejo de las areas en pasturas incluyo: tala
y quema previo a la instalacion de la pastura, dos a tres
controles de malezas al afio, y en estas no se han aplicado
fertilizantes, mecanizacion, ni renovacion de pasturas.
Las pasturas estuvieron sometidas a lo largo de
los afios a un sistema de pastores rotacional en cuatro
potreros, con 10—15 dias de ocupacion y de 40—60 dias
de descanso, dependiendo de la época del afio. La carga
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animal estimada fue de aproximadamente 1.2 UA/ha,
pero esta puede haber variado ligeramente a lo largo
del afio debido a nacimientos, crecimiento y venta de
animales. La inspeccion de las areas evidencié una
cobertura del suelo superior al 95 % en todas las areas;
sin embargo, la presencia de especies invasoras, estimada
visualmente en cada area de pastoreo, fue menor al 5 %
en potreros de 10 y 20 afios y menor a 15 % en aquellos
de 30 y 40 afos. Esos porcentajes de malezas permiten
clasificar las pasturas como levemente degradadas segun
Padilla et al. (2009) y de degradacion moderada segun
la escala propuesta por Betancourt et al. (2007). En las
Figuras 1A y 1B se muestra el estado de las pasturas en
potreros de 40 y 20 afios, respectivamente.

&Lﬁ 1 & /I > o, |
Figura 1. (A) Areas de U. brizantha de 40 afios de pastoreo
rotacional; (B) 20 afios de potreros y limite con el bosque
secundario; (C) evaluacion de la resistencia a la penetracion

con penetrometro de cono.
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Analisis de suelo

Los indicadores fisicos evaluados fueron: textura y
resistencia a la penetracion (Rp), determinados por el
método del hidrometro de Bouyoucos y el penetrometro
de cono (Figuras 1C). Los indicadores quimicos evaluados
fueron: el pH determinado con el método electrométrico
en agua con relacion 1:2.5; el Ca*, Mg*y K" fueron
extraidos con acetato de amonio a pH 7.0 y determinados
por absorcion atomica; el AI** ¢ H* fueron extraidos con
KCly determinados por titulacion con NaOH 0.05 mol/L.
El contenido de P disponible se determino por el método
de Olsen modificado, extraido con solucion de NaHCO,
0.5 mol/L a pH 8.5 y determinado por colorimetria.
Ademads, se determind la Capacidad de Intercambio
Cationico Efectiva (CICe), las Bases Cambiables (BC) y la
Acidez Cambiable (AC), mediante saturacion por acetato
de amonio (CH,COOH) a pH 7.0. El contenido de MO del
suelo se determino por el método de Walkley y Black. Los
protocolos de todos los analisis de suelo estan descritos en
el Manual de Procedimientos de los Analisis de Suelos y
Agua con Fines de Riego (Bazan 2017).

Analisis estadistico inferencial

Los tratamientos estuvieron constituidos por las areas
de pasturas con diferentes edades de uso, y se tomaron
8 muestras por cada tratamiento (40 en total). Los
datos se sometieron al analisis de varianza y la prueba
post-hoc de Tukey (P<0.05) para la comparacion de
medias. El analisis de componentes principales (ACP)

Impacto positivo

v del pastoreo
rotacional

X.

N. Florida Rofner, R M. Abad Principe, A. Rengifo-Rojas y J. Nazar Cipriano

permitié determinar los indicadores de calidad de suelo
relevantes por factor mediante el método de Varimax,
siendo éstas el sustento para el analisis de los modelos de
regresion lineal multiple usados para evaluar el efecto del
tratamiento 'edad de las pasturas' sobre los indicadores
fisicoquimicos de calidad de suelo. Para el procesamiento
de los datos se utilizo el software IBM-SPSS 25 (Meyers
et al. 2013) y Stata 15.0 (Stata Corporation, College
Station, TX. USA) para el ACP y el modelamiento.

La Figura 2 ilustra como puede ser el impacto del
manejo de pastoreo sobre los indicadores fisicoquimicos
del suelo. A ello, se adiciona la variable control (BS) y el
tratamiento que corresponden a las diferentes edades de
las pasturas (PU10, PU20, PU30 y PU40).

El impacto se encuentra expresado en la ecuacion
(1), a través de la distancia existente entre la variable
Tratamiento y Control:

(1) Impacto=(C-E) - (A-B)

La ecuacion (1), expresada por una regresion lineal
multiple (RLM) es:

() Y=, + B, *Control + B, *Tratamiento + 3, *Edadj + .

Para evitar problemas de multicolinealidad perfecta
entre el intercepto (B,) y la variable de Control, se
procedio a eliminar B de la ecuacion (2), quedando
expresado la ecuacion (3).

(3) Y =B, *Control + B, *Tratamiento + B, *Edadj + p,

Impacto negativo
del pastoreo
1 rotacional

D

Tratamiepfo

A Control

X.

1

0 Edadj

0

1

Edadj

Figura 2. Analisis grafico del impacto del manejo de pastoreo sobre los indicadores fisicoquimicos de la calidad del suelo.
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Donde:

Y =indicador fisicoquimico del suelo

B,=recoge el efecto de la variable control

B,=recoge el efecto de la variable tratamiento

B,=recoge el impacto de la variable Edad j (para
PU10, PU20, PU30 y PU40)

p=componente estocastico (i=1, 2, 3, ..., n datos).

Los valores de B,, B, y B, fueron estimados por
Minimos Cuadrados Ordinarios (MCO) para los que
no presentaban problemas de heterocedasticidad, de lo
contrario fueron estimados por Minimos Cuadrados
Generalizados (MCQG).

Se aplico la regresion lineal multiple con variables
independentes cuantitativas o cualitativas de respuesta
dicotomica para cuantificar, a través del parametro (p)
el efecto o impacto positivo o negativo de la variable
independiente sobre la variable dependiente (Gujarati
y Porter 2010). Las variables de Control, Tratamiento y
Edadj son de naturaleza cualitativa, de tipo dicotomica
(0 'dummies') que tomaban valores de 1 o 0. Para el caso
de la variable de Control, si el dato en analisis era un
indicador fisicoquimico perteneciente al tratamiento
Bosque Secundario se le asign6 1y a los otros 0.

De la misma manera se aplico en el caso de los
tratamientos de Edad de Uso de las Pasturas, si el dato
del indicador fisicoquimico fue extraido de pasturas de
10, 20, 30 y 40 afios de uso se les asignd 1, sin distincion
alguna por la edad, y se le asigno 0 al tratamiento Bosque
Secundario. La variable Edadj, se refiere exclusivamente
a los tratamientos de pasturas usadas por 10, 20, 30 y 40
aflos. Por consiguiente, si se queria analizar el efecto del
pastoreo por 10 afios, se le asigno el valor de 1 al dato de
variables fisicoquimicas medidas en potreros de 10 afios
de uso y 0 a las otras pasturas. Lo mismo se aplic6 en el
caso de pasturas de 20, 30 o 40 afios de uso.

Escenario 1: El punto B, la variable de Control=1 y el
Tratamiento=0, por tanto, el impacto de la Edadj=0. En
tal caso el modelo es:

@) Yi=B, +

Escenario 2: El punto A, la variable de Control=1, el
Tratamiento=1, por tanto, el impacto de la Edadj=0. En
tal caso el modelo es:

() Yi=p, + B, +
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Escenario 3: El punto E, la variable de Control=I, el
Tratamiento=0, por tanto, el impacto de la Edadj=1. En
tal caso el modelo es:

©) Yi=B, + B, + 1,

Escenario 4: El punto C, la variable de Control=0, el
Tratamiento=1, por tanto, el impacto de la Edadj=1. En
tal caso el modelo es:

(7) Yi=B3 + B4 T
Resultados
Indicadores fisicoquimicos del suelo

El Cuadro 2 muestra los valores de la media + desviacion
estandar, asi como el error estandar de la media (SEM)
y el nivel de significancia del efecto de los tratamientos
(areas manejadas bajo pastoreo por diferente niimero
de afios) para los diferentes indicadores fisicoquimicos
evaluados, entre ellos la granulometria, representada
por las fracciones arena, limo y arcilla y la resistencia
a la penetracion (Rp). Se detectaron diferencias en el
contenido de limo (P<0.002) y la Rp (P<0.001); este
ultimo con clara tendencia a incrementar o largo de los
aflos de uso bajo pastoreo (PU40). Ademas, se detectaron
diferencias (P<0.001) para todos los indicadores
quimicos, excepto para el pH y Al, pero estos Ultimos
mostraron valores cercanos a los encontrados como
promedio para la mayoria de los suelos tropicales en el
Pert (pH<5.5 y Al >2mg Kg™).

Andalisis de componentes principales

Laprueba de esfericidad de Bartlett en contraste con Chi-
cuadrado (Cuadro 3) mostr6 significancia (P<0.01), con
valores de 2,831.77 y 2,691.30 para Con y Sin Aluminio,
respectivamente, y estos fueron respaldados por un valor
0.00 como determinante de la matriz de correlacion,
lo cual sugiere la existencia de correspondencia lineal
entre indicadores. Asi mismo, los valores >0.50 en
el estadistico KMO revelan que la correlacion entre
los pares de indicadores no era pequeiia, por lo que el
adoptar el ACP permite identificar indicadores idoneos
para medir el impacto de la edad de la pastura manejada
bajo pastoreo a través de la RLM.
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Cuadro 2. Indicadores fisicoquimicos del suelo en funcion de los tratamientos

Indicador Tratamiento Estadisticos

BS PUI0 PU20 PU30 PU40 SEM Sig
Arena 54.25+0.89 54.88+1.36 58.38+4.03 55.5+1.77 57.38+3.74 7,204 0.20
Limo 29.25+1.28b 28.63+1.92b 24.5+3.38a 28.63+1.77b 26.38+3.29ab 6,146 0.002**
Arcilla 16.38+0.74ab 16.5+0.76ab 17.25+0.71b 16.13+0.64a 16.38+0.92ab 0.575 0.057
Textura Franco arenoso Franco arenoso Franco arenoso Franco arenoso Franco arenoso --- ---
Rp 0.98+0.12a 1.3£0.17b 1.55+0.19b 1.84+0.13¢ 2.39+0.23d 0.03 <0.001**
pH 477+0.18a 4.74+0.26a 4.60+ .25a 4.81+0.30a 4.89+0.34a 0.073 0.307
MO 3.10+0.61ab 4.00+£0.52¢ 2.38+0.16a 4.12+0.74c 3.44+0.19b¢ 0.252  <0.001**
N 0.16+0.03b 0.20+0.03¢c 0.12+0.01a 0.21+0.04¢ 0.17+0.01bc 0.001  <0.001**
P 2.30+0.19a 4.924+0.47b 7.59+0.58¢c 9.20+0.14d 10.91£0.82¢ 0.257  <0.001**
K 88.72+3.97b 100.45+4.02¢ 74.60+5.52a 108.48+3.71c  125.68+10.88d 3891  <0.001**
Ca 1.84+0.12a 2.09+0.05bc 2.28+0.03¢ 1.60+0.06a 1.74+0.13ab 0.007  <0.001**
Mg 0.29+0.01bc 0.31+0.01c 0.35+0.04d 0.26+0.01a 0.27+0.03ab 0.001  <0.001**
Al 2.12+0.48a 1.81£0.25a 1.91+0.42a 2.18+0.24a 2.04£0.21a 0.086 0.142
CIC 5.03+0.43bc 4.85+0.28ab 5.39+0.21¢c 4.46+0.27a 4.55+0.28a 0.092  <0.001**
SB 42.54+4.13a 49.38+3.34b 48.63+2.39b 41.63+1.69a 44.00+2.67a 8,776  <0.001**
AC 57.46+4.13b 50.63+3.34a 51.38+2.39a 58.38+1.69ab 56.00+2.67ab 8,774  <0.001%**
SAl 44.50+12.13ab 37.38+4.60a 36.13+£5.77a 48.88+2.90b 44.63+£2.33ab 43.071 0.002**

Rp=resistencia a la penetracion, BS=bosque secundario, PU=pasto Urochloa de 10, 20, 30 y 40 afios de uso bajo pastoreo,

SEM=cuadrado medio del error, ***P<0.01, **P<0.05, *P<0.1.

Cuadro 3. Estadistico de Bartlett y KMO segun estimacion
con y sin Aluminio.

Estadistico Con Aluminio  Sin Aluminio
Prueba de esfericidad de 2.831.774%+ 2.691.30%#*
Bartlett

Grados de libertad (GI) 105 91
Medida de adecuacion

KMO 0.552 0.682
Determinante de la 0.000 0.000

matriz de correlacion
***¥p<(.01, **P<0.05 y *P<0.10. KMO=Kaiser-Meyer-Olkin.

Los resultados del Cuadro 4, se encuentran basados
en el analisis factorial por el método Varimax, por medio
del cual se logré extraer los primeros cinco factores
que poseen autovalores mayores a la unidad, con los
cuales se pudo explicar un 84.32 % de la varianza de
los indicadores fisicos y quimicos del suelo. Después
de la rotacion por Varimax, se encontrd las variables
que mantienen una mayor varianza (con carga factorial
>0.75, criterio aplicado para n<50 por Hair et al. 1999).
Las variables relevantes para el Factor 1 fueron Ca?",
Mg*, A", BC y SAl; para el Factor 2 fueron Rp, P y
K''; para el Factor 3 fueron los contenidos de Arena y
Limo; para el Factor 4 fueron M y N y para el Factor 5

fueron el pH y el CIC. Todos los indicadores evaluados,
excepto arcilla, presentaron cargas factoriales mayores a
0.75 y contribuyeron de manera relevante a la varianza
total obtenida.

Cuadro 4. Varianza total explicada por los grupos de
variables relevantes.

Factor Autovalor Varianza Variables relevantes
total (%)

1 3.05 20.32  Ca*, Mg*, Al*, BCy SAl

2 2.96 19.71 Rp, P,y K

3 2.52 16.82 Arenay Limo

4 2.3 15.31 MyN

5 1.82 12.16 pHy CIC

Varianza total 84.32

acumulada

Las correlaciones entre factores rotados toman como
referencia al factor 1 y procede a relacionarlos con los
demas, y asi se procedié con los otros factores hasta
llegar a relacionar el factor 4 con el 5, es alli, donde se
observo los indicadores con las varianzas mas altas que
explican a cada factor. Todos los indicadores evaluados,
excepto arcilla, contribuyeron de manera importante a la
varianza total obtenida.
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Modelos para la resistencia a la penetracion (Rp) y
materia organica (MO)

Los valores de F-Fisher para los cuatro modelos
(Cuadro 5) revelaron que las variables independientes
son influyentes sobre la Rp (P<0.01) y se ajustaron a una
distribucion normal, segtin la prueba de Jarque-Bera. Los
Modelos 1-3 del Cuadro 5 fueron estimados por MCG y
el Modelo 4 por MCO. De acuerdo con los valores del
coeficiente de determinacion (R?), se encontrd que la
variacion de las variables independientes logro explicar
el 53.57, 35.85, 4591 y 78.18 % del cambio en Rp, para
los modelos 1, 2, 3 y 4, respectivamente.

El impacto del pastoreo sobre la Rp fue negativo
y significativo durante los primeros 10 afios con
-0.59 kg/cm? (Modelo 1); mientras que resultd positivo
y significativo para los potreros de 40 afios, con
0.82 kg/cm? (Modelo 4), esto tltimo es evidencia del
proceso de compactacion que ha sufrido el suelo en
esas pasturas al cabo de tantos afios de uso. También, la
variable control y tratamiento son influyentes (P<0.01)
sobre la Rp; sin embargo, no hay evidencia de impacto
sobre la Rp para los Modelos 2 y 3 (20 y 30 afios de uso,
respectivamente), aunque los valores medios tienden a
incrementar (Cuadro 2). Por el contrario, para el Modelo
2 la variable control y tratamiento fueron influyentes
(P<0.01) y para el Modelo 3 solo mostré significancia
(P<0.01) la variable tratamiento.

Respecto ala MO, los modelos 1 y 4 fueron estimados
por MCG y 2 y 3 por MCO, y todos ellos se ajustaron
a una funcion de distribucion normal. La prueba de
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relevancia global F-Fisher, mostr6 significancia para los
Modelos 1 (P<0.10), 2 (P<0.01) y 3 (P<0.05); mientras,
para el Modelo 4 no hay evidencia que el pastoreo por 40
aflos haya influenciado el contenido de MO.

Con base en los resultados obtenidos con esos
modelos, se sugiere que el uso bajo pastoreo por 20 afios
tuvo un impacto negativo (-1.47 %) sobre la MO, pero el
uso por 30 afios ejercicio un impacto positivo (0.85 %).
A ello, se suma la influencia de la variable de control
que fue significativa (P<0.01) para todos los modelos y
la variable tratamiento solo para los Modelos 1 y 2. Al
parecer, la transformacion de bosque a pasturas impactd
negativamente los niveles de MO en los primeros 20 afios,
pero estos luego tendieron a recuperarse con el tiempo.

Modelos para los contenidos de fosforo (P) y potasio (K)

Las pruebas de relevancia individual t-Student y global
F-Fisher para los Modelos 1-4, mostraron que las
variables control, tratamiento y las diferentes edades
de las pasturas influyeron (P<0.01) sobre el contenido
de fosforo (Cuadro 6). En los primeros 20 afios de uso
se observo un efecto negativo sobre el contenido de P,
pero este pasé a ser positivo en los siguientes afos con
valores de 2.48 y 2.96 ppm de fosforo para las pasturas
con 30 y 40 afios de uso, respectivamente.

Los modelos para potasio se ajustaron a una funcion
de distribucion normal. El Modelo 1 se estimd por
MCG y el 2 por MCO. La variacion de las variables
independientes logro explicar el 25.6 y 76.2 % de la
variacion del contenido de K, respectivamente. Los

Cuadro 5. Modelo para Rp y MO, mediante el uso de los métodos de MCG y MGO.

Variable independiente Rp MO

Modelo 1' Modelo 2! Modelo 3'* Modelo 4 Modelo 1'  Modelo 22 Modelo 3> Modelo 4!
Control 0.98%#* () 9@k -0.02 (0.98%** 3.1k 3.09%** 3.09%** 3.1k
Tratamiento 0.90%**  (,83%*** 0.52%** (0.58%** 0.70%* 0.76%** 0.18 0.41
Edad
10 afios (.59 %k 0.19
20 afios -0.28 -1.47%%*
30 afios 0.11 (0.85%**
40 afios (0.82%** -0.09
Coeficiente (R?) 0.5357 0.3585 0.4591 0.7818 0.1423 0.5617 0.214 0.0358
F-Fisher (gl =2, gl,=37) 24.30%**  10.58%** 15.75%**  66.27*** 2.70%* 23.71%** 5.04%* 0.6
White (gl=2) - - - 4.55 4.58 0.75
Jarque-Bera (gl=2) 1.87 0.2602 1.302 0.3241 1.597 0.5918 0.7967 2.217

“Variable dependiente expresado en término logaritmico. 'Estimacion de parametros por Minimos Cuadrados Generalizados
(MCG). *Estimacién de pardmetros por Minimos Cuadrados Ordinarios (MCO). gl =grado de libertad del numerador, gl =grados
de libertad del denominador. gl=grados de libertad. ***P<0.01, **P<0.05 y *P<0.10
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Cuadro 6. Modelos para P y K en el suelo, mediante el uso de los métodos de MCG y MGO.

Variable independiente P K

Modelo I' Modelo 2! Modelo 3' Modelo 4? Modelo 1' Modelo 2>* Modelo 3> Modelo 4!
Control 2.3(Q%** 2.3(Q%** 2.30%** D 30¥** 88.66%** 4.49%%* 88.65%** 8B TO*H*
Tratamiento 6.93%** 7.62%** 4 4% ** 5.60%** 25.65%%* 0.22%*%* 11.21* 7.09
Edad
10 afios -4 3(%** -13.87%**
20 afios -2, 33wk -0.40%**
30 afios 2.4 8%%* 8.68
40 anos 2.96%** - 29.78%**
Coeficiente (R?) 0.617 0.5864 0.5105 0.5901 0.2555 0.7618 0.1998 0.4618
F-Fisher (gl =2, gl,=37) 181.36%** 242.22%** 32 Q1***  5.91*** 28.35%kk 59.17%%** 4.08%* 16.90%**
White (gl=2) 3.81
Jarque-Bera (gl=2) 2.132 4.187 4.548 4.096 4.499 2.994 0.5067 3.152

“Variable dependiente expresado en término logaritmico. 'Estimacion de parametros por Minimos Cuadrados Generalizados
(MCG). *Estimacion de parametros por Minimos Cuadrados Ordinarios (MCO). gl =grado de libertad del numerador, gl,= grados
de libertad del denominador. gl=grados de libertad. ***P<0.01, **P<(.05 y *P<0.10.

Modelos 3 y 4 se estimaron por MCG, ambos mantienen
diferencias en cuanto a la relevancia individual; siendo,
el tratamiento (P<0.10) para el Modelo 3 y los 40 afios
de pastoreo para el Modelo 4 (P<0.01) los que explican
los cambios en el contenido de K'. Pero, el coeficiente
de determinacion (R?) fue mayor para el Modelo 4 que
para el Modelo 3 (46.2 y 20.0 %, respectivamente), y
los efectos de las variables fueron significativos segun
la Prueba F-Fisher (P<0.01 y 0.05, respectivamente).
Finalmente, el impacto de los afios de uso bajo pastoreo
sobre el contenido de K" fue negativo (P<0.01) para los
potreros 20 afios, y positivo para el resto, aunque solo
alcanzo significancia (P<0.01) en el caso de los potreros
con 10 y 40 afos de uso.

Modelos para los contenidos de Calcio (Ca®) y
Magnesio (Mg*")

El contenido de Ca*" presentd cambios especificos para
los cuatro modelos evaluados, en funcion de los afios de
uso de las pasturas (Cuadro 7). El impacto de la edad
fue positivo en los primeros 20 afios de uso, con 0.28 y
0.47 Cmol(+)/kg para los 10 (P<0.01) y 20 afios (P<0.05);
en cambio, fue negativo para las pasturas con 30 y 40
afos de uso bajo pastoreo (P<0.05 y 0.01). También se
evidencio efecto del control con 1.84 Cmol“/kg. En
el Modelo 3, la variable tratamiento tuvo un efecto
significativo sobre el contenido de Ca?* (P<0.01) con
un valor de 0.23 Cmol®/kg. Los Modelos 1 y 4 poseen
los coeficientes de determinacion mas bajos con 16.49 y
18.24 %, en comparacion a los Modelos 2 y 3 (49.53 %

y 45.10 %); estos explican el efecto de la variacion de las
variables independentes sobre la variacion del contenido
de Ca*" en el suelo.

Respecto al Mg, se observo un impacto positivo
significativo (P<0.01) para potreros con 10 y 20 afios
de uso, con contenidos de 0.15 y 0.07 Cmol®/kg,
respectivamente; mientras que en potreros de 30 afios
de uso el efecto fue negativo (-0.06 Cmol®/kg; P<0.01)
(Cuadro 6). La estimacion de los Modelos 2 y 3 fue por
MCO vy de acuerdo a la prueba F-Fisher logr6 explicar
de forma significativa (P<0.01) el efecto de la edad
y la variable control sobre el contenido de Mg*". Los
coeficientes de determinacion (R?) indicaron que esas
variables explicaron el 46.8 y 33.9 % de la variacion del
contenido de Mg, en el caso de potreros de 20 y 30 afios
de uso, respectivamente. Ambos modelos se ajustan a
una funcion de distribucion normal de acuerdo con las
pruebas de Jarque-Bera y de White.

Los Modelos 1 y 4 fueron estimados por MCG. La
variable control tuvo un efecto significativo (P<0.01) sobre
el contenido de Mg*". El coeficiente de determinacion
logré explicar un 19.3 % de la variacion en el Modelo
1; en cambio, para el Modelo 4 no se ha encontrado esa
relevancia global seglin la prueba F-Fisher (F=1.22, no
significativo) y un R? de apenas 6.6 %.

Modelos para las variables Capacidad de Intercambio
Cationico (CICe) y Bases Cambiables (BC)

El impacto del pastoreo por 20 afios sobre el contenido
de CICe fue positivo, con un valor de +0.70 Cmol®/kg
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segun el Modelo 2 (Cuadro 8), pero negativo (-0.09
Cmol®/kg) para los potreros con 30 afios de uso, segiin
el Modelo 3. Ambos modelos mostraron un efecto
altamente significativo (P<0.01) por la variable control;
mientras que el efecto del tratamiento fue significativo
(P<0.10) solo para el Modelo 2 (20 afios de uso). El
Modelo 2 mostré una relevancia global altamente
significativa (P<0.01) y con ¢l se explico el 29.3 % de la
variacion total, mientras que el Modelo 3 solo explico el
12.3 % de la variacion de la CICe. La variable control
tuvo un efecto significativo (P<0.01) sobre CICe en todos
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los modelos, mientras que la variable tratamiento solo
alcanzdé un nivel de significancia P<0.10 en el Modelo 2.

Respecto a la Bases Cambiables (BC), los cuatro
modelos fueron estimados por MCO dada la condicion
de homocedasticidad de acuerdo con la prueba de White
(Cuadro 8). La prueba F-Fisher para los Modelos 1 y
3 fue altamente significativa (P<0.01) y significativa
(P<0.05) en el caso de los Modelos 2 y 4. El coeficiente
de determinacién (R?) logroé explicar apenas el 28.8,
37.7,20.4 y 15.3 % de la variacion en los modelos 1, 3,
2 y 4, respectivamente. En términos de impacto, el uso

Cuadro 7. Modelos para Ca?" y Mg*", mediante el uso de los métodos de MCG y MCO.

Variable independiente P K

Modelo I' Modelo 2! Modelo 3' Modelo 4>  Modelo 1'*  Modelo 2> Modelo 3> Modelo 4!
Control 1.84%%* 1.84%%* 1844 1.84%#%% 0.03*** 0.29%%* 0.29%%* (0.29%%*
Tratamiento -0.04 -0.04 0.23%%* 0.18 -0.09%** -0.01 0.02 0.01
Edad
10 afios 0.28** 0.15%**
20 afios 0.47%** 0.07***
30 afios -0.47%** -0.06%**
40 afios -0.29%* -0.03
Coeficiente (R?) 0.1649 0.4953 0.451 0.1824 0.1931 0.4677 0.3389 0.0658
F-Fisher (gl =2, gl,=37) 3.45%* 17.47%%* 17.49%** 4.11%* 14.15%%%* 16.26%** 9.48%** 1.22
White (gl=2) 2.57 5.78*
Jarque-Bera (gl=2) 4761* 1.916 5.092* 4.037 5.103* 5.52 3.669 0.471

*Variable dependiente expresado en término logaritmico. 'Estimacion de parametros por Minimos Cuadrados Generalizados
(MCG). *Estimacién de pardmetros por Minimos Cuadrados Ordinarios (MCO). gl =grado de libertad del numerador, gl =grados
de libertad del denominador. gl=grados de libertad. ***P<0.01, **P<0.05 y *P<0.10

Cuadro 8. Modelos para CICe y BC mediante el uso de los métodos de MCG y MCO.

Variable independiente CICe BC

Modelo 1> Modelo 2! Modelo 3>* Modelo 42 Modelo1 Modelo2 Modelo3 Modelo 4
Control 4.85%** 4.92%** .57 4.84%%* 42,594 42.59 42.59%*% 4D 59%**
Tratamiento -0.09 -0.30%* 0.01 0.01 2.21 2.52 4.86%** 4.04%*
Edad
10 afios 0.1 -0.3 4.79%%%
20 afios 0.70%%* 3.56%*
30 afios -0.09%* -5.82%kk
40 afios -2.53
Coeficiente (R?) 0.0098 0.2933 0.123 0.0658 0.2881 0.2045 0.377 0.1534
F-Fisher (gl =2, gl,=37) 0.18 9.83*** 2.60* 0.2837* 7.49%%* 476%* 11.20%** 3.35%%*
White (gl=2) 3.79 423 4.11 0.56 2.39 2.81 2.69
Jarque-Bera (gl=2) 0.1992 5.24% 1.208 0.2885 1.893 3.115 0.4725 0.6841

“Variable dependiente expresado en término logaritmico. 'Estimacién de parametros por Minimos Cuadrados Generalizados
(MCG). *Estimacién de pardmetros por Minimos Cuadrados Ordinarios (MCO). gl =grado de libertad del numerador, gl =grados
de libertad del denominador. gl=grados de libertad. ***P<0.01, **P<0.05 y *P<0.10
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de las pasturas por 10 y 20 afios tuvo un efecto positivo
sobre el contenido de BC; mientras, que el uso por 30
aflos tuvo un efecto negativo (-5.82 %) y no se detecto
significancia para el caso de pasturas usadas por 40
afnos. Ademas, para los Modelos 1, 3 y 4 fue evidente
el efecto altamente significativo (P<0.01) de la variable
control; mientras que para los Modelos 3 y 4 se alcanzo
significancia (P<0.01 y 0.05, respectivamente) para la
variable tratamiento.

Modelos para la variable Saturacion de Aluminio (SAI)

Los Modelos 1, 2 y 3 evidenciaron un impacto negativo
sobre la SAl (P<0.05) como consecuencia del uso de
las pasturas por 10 y 20 afos (Cuadro 9); mientras que
en pasturas usadas por 30 afios ese efecto fue positivo,
con un valor de 8.94 % (P<0.01); en cambio, no se
detectd impacto del pastoreo por 40 afios (Modelo 4).
Ademas, la variable control mostrd un efecto altamente
significativo (P<0.01) en los cuatro modelos, mientras
que solo se detectd significancia (P<0.05) para la
variable tratamiento en el Modelo 3. Los Modelos 1, 3 y
4, fueron estimados por MCG, mientras, para el Modelo
2 por MCO. El Modelo 3, tuvo una mayor relevancia
global (P<0.01) con respecto a los demas modelos
segun la prueba de F-Fisher; mientras que el Modelo 1
fue significativo al nivel P<0.05, y el Modelo 2 tendio6
a alcanzar significancia (P<0.10). El Modelo 3 tuvo el
valor mas alto para el Coeficiente de Determinacion
(R?), pero este fue de apenas 33.4 %; en cambio para los
otros modelos el R? fue menor a 15.6 %.

Discusion

Efecto del pastoreo de largo plazo sobre indicadores
fisicos del suelo

Los indicadores fisicos permiten una evaluacion del
estado de conservacion del suelo (Cervelati et al. 2011;
Nobre 2008), pues la compactacion es una expresion
de degradacion del suelo (Navarro et al. 2018), ya que
la pérdida de esta propiedad fisica resulta en ultima
instancia en una disminucién del rendimiento de los
cultivos (Demuner Molina et al. 2013). El problema de
compactacion como consecuencia del sobrepastoreo
es mas evidente en suelos de textura mas arcillosas
(Cervelati et al. 2011). La compactacion se manifiesta
como un aumento en la densidad del suelo y en la
resistencia a la penetracion, debido a que se reduce el
espacio poroso total, lamacroporosidad y las propiedades
hidraulicas que posee el suelo. Todo esto resulta en
una menor capacidad para la infiltracion de agua y un
aumento en la susceptibilidad a la erosion (Muller et al.
2001), lo cual redunda en una reduccion importante del
rendimiento de las pasturas (Costa et al. 2009).
Latextura de todas las areas evaluadas en este estudio
fue franco-arenosa (Cuadro 2), y pese a que estos suelos
tienen menos de 20 % de arcilla, evidenciaron algin grado
de compactacion que se incrementd con los afios de uso
bajo pastoreo, pero posiblemente habria sido mayor si los
suelos fuesen arcillosos (Navarro et al. 2018; Cervelati et
al. 2011; Costa et al. 2009). El modelamiento (Cuadro 5)
evidencié una reduccion de la Rp en los primeros 10

Cuadro 9. Modelos para el contenido de SAl mediante el uso de los métodos de MCG y MCO.

Variable independiente Modelo 1! Modelo 2! Modelo 3! Modelo 4
Control 43.71%%* 42.09%** 45.18%** 44.98%**
Tratamiento 0.09 1.54 -5.22%% -4.09
Edad

10 afios -6.39%*

20 afios -5.85%*

30 afios 8.94+**

40 afios 3.76
Coeficiente de determinacion 0.1564 0.1306 0.3336 0.0768
Prueba F-Fisher (gl =2, gl =37) 3.49%* 2.78% 10.70%** 1.69
Prueba de White (gl=2) 4.99*

Prueba de Jarque-Bera (gl=2) 4.3590 5.216* 2.0100 2.8610

"Estimacion de los parametros por Minimos Cuadrados Generalizados (MCG). *Estimacion de los parametros por Minimos
Cuadrados Ordinarios (MCO). gl =grado de libertad del numerador, gl =grados de libertad del denominador. gl=grados de

libertad. ***P<0.01, **P<0.05 y *P<0.10
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afios (-0.59 kg/cm?); pero luego se observaron valores
positivos (+0.82 kg/cm?) en pasturas con 40 afios de uso.
Estos resultados se pueden explicar por: a) la presion de
pastoreo alta, al mantener un nimero grande de animales
por encima de la capacidad de soporte de las pasturas
(Kavana et al. 2021; Sanchez 2019) y b) por el efecto
del pisoteo de los animales en potreros establecidos en
suelos que mantienen humedad (Costa et al. 2009). Esto
ultimo explicaria la compactacion registrada, ya que en
el area donde se desarroll6 el estudio se presentan medias
de precipitacion anual de 3,400 mm. Un comportamiento
similar ha sido reportado para condiciones similares por
otros autores (Flores et al. 2007; Sarmento et al. 2008;
Costa et al. 2009; Cervelati et al. 2011; Colman et al. 2018;
Navarro et al. 2018; Sanchez 2019; Kavana et al. 2021).

Indicadores quimicos

La mayoria de los indicadores quimicos evaluados
presentaron diferencias (P<0.01) debidas a los
tratamientos, excepto en el caso del pH y el contenido
de AI** del suelo. Los suelos eran fuertemente acidos
(pH<S); tipicos de regiones con alta precipitacion
donde ocurre lavado de bases (Sagarpa 2012); las
concentraciones de Al** fueron altas y no se detectaron
diferencias atribuibles a los afios de uso bajo pastoreo.
Lo que si se espera es que en estos suelos con bajo pH se
presenten deficiencias de nutrientes tales como K, Ca**
y Mg*, pues su absorcion se ve limitada en suelos acidos
(Rivera et al. 2018; Rosas-Patifio et al. 2017).

Ademas, la alta pluviometria y la textura franco-
arenosa de los suelos evaluados pueden explicar los
niveles de pH obtenidos, ya que segiin Sagarpa (2012)
los suelos arenosos son quimicamente inertes y carecen
de propiedades coloidales, y es posible que los altos
contenidos de arena (54.25 a 57.38 %) encontrados en
los suelos donde se realizaron las evaluaciones puedan
haber influido en esos resultados. Por otro lado, si
bien no se detectd cambios en el pH del suelo, incluso
en potreros sometidos hasta por 40 afios a un manejo
de pastoreo no racional, los niveles de estos no fueron
diferentes a los encontrados en el bosque secundario, lo
cual pareceria contradecir los reportes de Navarro et al.
(2018), Kavana et al. (2021) y Ordofiez et al. (2022), pero
en esos estudios las comparaciones se hicieron sobre los
cambios en el pH al transformar el bosque a diferentes
sistemas de uso del suelo, incluyendo las pasturas.

El contenido de materia organica (MO) en el suelo
presentd diferencias en funcion de los tratamientos, pero
sin ninguna tendencia clara respecto al efecto de los afos

Efectos a largo plazo del pastoreo sobre calidad del suelo 141

de uso bajo pastoreo. Los contenidos de MO encontrados
en los suelos de este estudio corresponden segiin Sagarpa
(2012) a niveles que van entre medio y alto. La materia
organica en el suelo se considera es la base de la fertilidad
y tiene influencia directa sobre los indicadores fisicos
y quimicos, particularmente sobre la formacion de
agregados estables y la disponibilidad de los principales
macronutrientes nitrogeno, fosforo y azufre (Neto et al.
2018; Demuner Molina et al. 2013). Ademas, el contenido
de MO en el suelo contribuye a mejorar las condiciones
de aireacion, retencion de humedad, prevencion de la
erosion y la capacidad amortiguadora ante el pisoteo de
los animales (Sagarpa 2012).

El modelamiento mostré impactos sobre el contenido
de MO en areas de pasturas con 20 y 30 afios de uso;
mientras, en areas de 10 y 40 afios no se encontrd
evidencia de dichos efectos. Cabe anotar que en este
estudio no se consideré un area de bosque primario
como control, sino que el comparador fue un bosque
secundario, posiblemente producto de la regeneracion
en areas que se habian abandonado luego de estar
manejadas con cultivos anuales o pasturas.

En estudios donde el control ha sido el bosque
primario si se ha observado que la transformacion de
este para establecer pasturas impacta negativamente
el contenido de MO en los primeros afios, pero luego
tiende a recuperarse y e incluso mejoran los niveles de
MO con el tiempo (Santos et al. 2012; Llerme et al. 2013;
Borges et al. 2015; Navarro et al. 2018). Esto ocurre
porque el sistema radicular de las gramineas que son los
componentes mayoritarios de las pasturas, es capaz de
explorar un mayor volumen de suelo en comparacion a
los cultivos anuales, y de esa manera contribuye a elevar
el contenido de carbono organico del suelo.

Los niveles muy bajos a bajos de Ca* y muy bajos en
Mg?*, como los observados en este estudio, se consideran
normales para suelos acidos (Havlin et al. 1999) y es
comun encontrar deficiencias de ambos elementos y
niveles altos en aluminio (Bohn et al. 1993) en suclos
como los del area en estudio, por la relacion sinérgica
que existe entre estos y otros cationes de la solucion
suelo (Navarro y Navarro 2003). En suelos acidos, con
alto contenido de arena, fuertemente lixiviados y con
baja CIC, como los encontrados en las areas evaluadas,
suele presentarse mayores deficiencias de Ca?" y Mg?*
(Havlin et al. 1999; Bohn et al. 1993). El modelamiento
mostré impacto positivo de los primeros 20 afios de
manejo bajo pastoreo sobre los contenidos de Ca*" y
Mg?*; pero este se hizo negativo en los potreros con 30
y 40 afios de uso.
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En general, los resultados evidencian una tendencia de
disminucion y deficiencias de estos cationes con el tiempo,
lo cual contrasta con los resultados obtenidos por Neto et
al. (2018), quienes reportaron valores relativamente mas
bajos de bases Ca?", Mg*, Na" y K" en estratos 0.00-0.05
m y 0.05-0.10 m, al comparar las areas bajo cobertura
de bosques y pastizales. También, Kavana et al. (2021)
encontraron niveles bajos y diferencias en el contenido de
Ca*" para diferentes tipos de uso del suelo, y concluyeron
que independiente de las condiciones climaticas, la
biomasa residual estd determinada por la intensidad
del pastoreo y las concentraciones de Ca*" en el suelo.
Desgraciadamente, en este estudio no se evalu6 la biomasa
residual que dejaban los animales después del pastoreo.

La CIC en las diferentes areas experimentales presentd
niveles entre muy bajos a bajos. Se reconoce que la CIC
esta influenciada por el pH, la cantidad y tipo de arcilla
y la cantidad de moléculas organicas (Pérez et al. 2017;
Sagarpa 2012). Suelos con baja CIC poseen una pobre
capacidad de retencion de cationes, como es el caso de
los suelos arenosos o con bajos niveles de MO, por lo que
se considera esta es la propiedad quimica responsable en
gran medida de la fertilidad de los suelos y la produccion
agricola (Bueno Buelvas y Fernandez Lizarazo 2019).

Las areas evaluadas eran de textura franco-arenosa
y con alta pluviometria, por lo que no sorprende que se
encontraran bajos niveles de CIC, de bases cambiables
(BC) y altos niveles de acidez cambiable (AC). Pero,
al tener niveles medios y altos de MO, como ocurre en
muchas areas de pasturas, es probable que este haya
sido el responsable de sostener la CIC y la fertilidad de
dichos suelos. Trabajos previos revelan diferencias para
este indicador (Kavana et al. 2021; Navarro et al. 2018)
cuando se comparan areas bajo pasturas versus otros
tipos de uso del suelo.

El aluminio no present6d diferencias debidas al tipo
de uso del suelo, y los niveles encontrados se consideran
toxicos para muchas especies de plantas (Carrefo y
Chaparro-Giraldo 2013; Lisboa et al. 2021), pero no
es el caso de pastos como la Urochloa brizantha (Rao
et al. 2016) que fue la especie presente en las pasturas
evaluadas en este estudio. El aluminio esta relacionado
directamente con la acidez cambiable (AC) y la saturacion
de aluminio (SAI) muestran diferencias debidas a los afios
de uso, presentando el valor mas alto en las pasturas que
habian sido utilizadas por 40 afos.

Los altos niveles de AI*" encontrados pueden
explicarse por las altas precipitaciones que ocurren
en la zona donde se desarrolld el estudio, las cuales
pueden originar procesos intensos de alteracion quimica

y lavado de bases que favorecen su solubilidad (May
2015). Ademas, bajo condiciones de suelos acidos
(pH<9), la concentracion de AI** en la solucion es alta y
es fuertemente retenida en la superficie de los coloides
minerales, disminuyendo la CIC del suelo (Bohn
et al. 1993). Estas condiciones influyeron en la baja
disponibilidad de algunos nutrientes tales como Ca?,
Mg, K> y P (Rivera et al. 2018), tal como se observo
en las areas de pasturas evaluadas. Finalmente, Lisboa
et al. (2021) advierte que las células epidérmicas, el
desarrollo de los brotes y los tejidos foliares de algunas
especies e hibridos de Urochloa se pueden ver afectados
por concentraciones altas de Al*".

Comentarios finales sobre el manejo de pasturas en la
finca donde se realizo el estudio

La finca Ruiz, donde se realiz6 este estudio, presenta
un manejo tradicional tipico de la zona (Sanchez
2019), con tala y quema para el establecimiento de
pastos y un manejo de pastoreo rotacional, con 10 a
15 dias de ocupacion, con pocos potreros, una carga
animal promedio baja (1.2 UA/ha) y sin control de la
carga en funcion de los cambios en disponibilidad de
pasto que se presentan a lo largo del afio (Pezo 2018).
Como consecuencia de aplicar ese manejo hasta por un
periodo tan largo como 40 afios, ha habido un deterioro
en los indicadores fisicos y quimicos del suelo, tal
como se ha evidenciado en otros trabajos (Cervelati
et al. 2011; Colman et al. 2018; Ordofez et al. 2022).
Para mitigar esos efectos, varios investigadores han
sugerido controlar la carga animal para mantener una
mejor cobertura de pastos y asi contrarrestar el efecto
mecanico del pisoteo (Flores et al. 2007; Sarmento et al.
2008), aplicar fertilizacion organica e inorganica de las
pasturas para mejorar su disponibilidad (Crespo 2009;
Salazar 2010; Camasca 2011), y al cabo de unos afios
de uso, implementar labores mecanicas para mejorar la
aireacion del suelo (Padilla et al. 2009).

Conclusiones

Las evaluaciones y el modelamiento en general ponen
en evidencia que el manejo de pasturas bajo pastoreo
rotacional no bien controlado, en 40 afios ha generado
problemas fisicos y quimicos que limitan la productividad
de las pasturas, lo cual se manifestd en problemas tales
como la compactacion del suelo (aumento de la Rp),
pérdida de bases cambiables (bajos niveles de Ca?*, Mg**
y K e incremento de aluminio (AI*").

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




Frente a los cambios producidos en el suelo por el
manejo de pastoreo aplicado, se sugiere evaluar algunas
estrategias derehabilitacion de pasturas degradadas como
es la aplicacion del arado combinado con fertilizacion
organica e inorganica, para revertir la compactacion,
mejorar la disponibilidad de bases cambiables y reducir
la disponibilidad del AI**.
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Articulo Cientifico

Palatabilidad relativa de lefiosas forrajeras representativas del
bosque seco tropical utilizando un método de cafeteria

Relative palatability of woody forage species from the tropical dry forest
using a cafeteria method
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Resumen

Para la seleccion de las especies lefiosas forrajeras a ser consideradas en sistemas de ganaderia practicados en el
ecosistema de bosque seco tropical de Colombia, se propuso utilizar como criterio la palatabilidad relativa del forraje.
Para ese fin se evaluaron 20 especies que poseen caracteristicas nutricionales distintas. Las especies seleccionadas
se manejaron bajo podas en parcelas establecidas en el Centro de Investigaciéon Nataima de Agrosavia. Los forrajes
de esas especies fueron ofrecidos durante 19 dias a cinco bovinos Blanco Orejinegro (BON) adultos, utilizando un
método de cafeteria con pruebas cortas de tres minutos de duracion. Las especies se asignaron en pares, con un total
de 190 combinaciones por animal, producto de la combinacion de 20 especies tomando dos a la vez, sin repeticion.
La palatabilidad relativa de los forrajes se defini6 en funcion del grado de ingesta por los animales. Los resultados de
las pruebas de palatabilidad identificaron nueve especies de palatabilidad muy alta y alta, las que se ordenaron asi en
orden descendente: Albizia niopoides, Leucaena leucocephala, Erythrina fusca, Guazuma ulmifolia, Gliricidia sepium,
Tithonia diversifolia, Clitoria fairchildiana, Spondias purpurea y Spondias mombin. El par de especies que mostrd
la palatabilidad més alta fue la combinacién 4. niopoides-L. leucocephala, y la especie que se mostré con mayor
frecuencia en combinaciones con ingesta alta fue A. niopoides. Se concluye que existen varias especies nativas con alta
palatabilidad relativa, cuyo potencial forrajero era desconocido por técnicos y ganaderos hasta ahora, y se ratifico la
palatabilidad alta para algunas especies ya conocidas.

Palabras clave: Alimentacién bovina, bocados, comportamiento ingestivo, consumo, lefiosas forrajeras, podas.
Abstract

The relative palatability of woody perennials” fodder has been proposed as the selection criteria for species to be
integrated in livestock systems. For that purpose, 20 species with different nutritional characteristics, that grow in
the tropical dry forest of Colombia, were evaluated. The woody perennials were managed under pruning, in plots
established at the Agrosavia’s Nataima Research Center. Fodder of those species was offered to five mature Blanco
Orejinegro (BON) cattle for a total of 19 days, using a cafeteria method with each species exposed to animals for only 3
minutes. The assignment of species was in pairs, with a total of 190 pairs, resulting from the combinations of 20 species
taking two at the same time, without replication. The results of the palatability trials identified nine species with very
high and high palatability, which ordered in a descending manner were: A/bizia niopoides, Leucaena leucocephala,
Erythrina fusca, Guazuma ulmifolia, Gliricidia sepium, Tithonia diversifolia, Clitoria fairchildiana, Spondias purpurea
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and Spondias mombin. The pair of species that showed the highest palatability was A. niopoides-L. leucocephala; and
the species frequently present in combinations with high intake was 4. niopoides. It is concluded that there are several
native species with high relative palatability, whose forage potential is unknown by technicians and ranchers, and the
high palatability of some species already known was confirmed.

Keywords: Bites, cattle feeding, feeding behavior, intake, pruning, woody perennials.

Introduccion

Existe un interés creciente para que se reconozca la
diversidad de especies lefiosas presentes en las fincas
ganaderas como integrantes utiles de los sistemas
ganaderos (Villanueva et al. 2009; Pezo 2009; Pérez-
Almario et al. 2017). Algunas de ellas, como Gliricidia
sepium 'y Leucaena leucocephala, son ampliamente
conocidas como lefiosas forrajeras, por consiguiente,
han sido investigadas profundamente (Stewart 1999).

Diversos estudios han documentado el conocimiento
que poseen los ganaderos sobre las funciones y
practicas de uso de numerosas especies lefiosas
presentes en potreros, pero pese a ello, hay varias que
no han sido evaluadas experimentalmente (Vasquez
et al. 2014; Pérez-Almario et al. 2021). A partir de los
resultados obtenidos Pérez-Almario et al. (2021) sobre
el conocimiento local de algunas lefiosas presentes en
fincas ganaderas del Bosque Seco Tropical en Colombia,
se propuso desarrollar un conjunto de investigaciones
rapidas y en espacios reducidos para evaluar el potencial
agronomico y zootécnico de aquellas especies, para
con base en ello descartar o seleccionar especies que
ameritan ser incluidas en nuevos estudios.

Por otro lado, se ha documentado que estimar la
palatabilidad de los forrajes en condiciones de pastoreo/
ramoneo puede presentar limitaciones debido a la
diversidad de especies presentes, que difieren en calidad
nutricional y disponibilidad a lo largo del afio, debido
a cambios en las etapas fenologicas del forraje, asi
como en su palatabilidad, lo que hace que el animal
seleccione primero aquellos con mejor sabor (Lascano
2000; Hussain y Jan 2009). Por ello, a menudo es dificil
relacionar las caracteristicas del forraje con la cantidad
consumida en pastoreo/ramoneo (Lyons et al. 2001).

Para la seleccion de especies lefiosas destinadas a
la alimentacion animal es indispensable conocer su
palatabilidad, es decir, el grado de atraccion o aceptacion
por parte de los animales, lo cual se ha asociado
con caracteristicas organolépticas y propiedades
nutricionales de las forrajeras (Lascano 1984; Lyons
et al. 2001). En ese sentido, se ha diferenciado el
concepto de 'palatabilidad intrinseca’, entendida como la

variabilidad sensorial asociada a las caracteristicas del
alimento, de la palatabilidad aprendida, entendida como
la respuesta post-ingestion del alimento estandarizado
en sus propiedades sensoriales, la experiencia previa
de los forrajes y el estado metabdlico de los animales
(Kissileff 1990).

Con base en lo anterior, este estudio se asimila al
concepto de 'palatabilidad aprendida’. Para ese propdsito,
las pruebas tipo 'Cafeteria' se consideran opciones buenas,
rapidas y econdmicas, pues a través de ellas se puede
obtener respuestas de los animales en experimentos
cortos de consumo, acompafiados de determinacion
directa o indirecta de la calidad de los distintos forrajes
(Kenney y Black 1984; Van Soest 1994).

Otros parametros que contribuyen a un mejor
conocimiento de la palatabilidad, son los relacionados
con el comportamiento ingestivo tales como la tasa de
consumo relativo, el tiempo dedicado a consumir, el
numero y el tamafio de los bocados. Todo esto puede
ayudar en el disefio de estrategias de alimentacion basadas
en la selectividad de los forrajes (Hill et al. 2009; Chacén
2011; Chilibroste et al. 2015a). También son relevantes las
diferencias en el contenido de nutrientes y de compuestos
quimicos que podrian limitar la aceptacion de las plantas
por el animal, al incidir sobre variables sensoriales o
provocar sensacion de saciedad (Lascano 1984; Rosales
Méndez 1999; Provenza et al. 2007).

El objetivo del presente estudio fue estimar la
palatabilidadrelativa,através de indicadores de consumo,
en un numero amplio de especies lefiosas propias del
ecosistema Bosque Seco Tropical en Colombia, para
descartar o seleccionar aquellas especies que amerita
sean consideradas en investigaciones futuras.

Materiales y Métodos
Localizacion

La investigacion se realizo en el Centro de Investigacion
Nataima de Agrosavia, localizado en el municipio El
Espinal, Colombia (4°12°N, 74°56’ O); a una altitud de
391 m.s.n.m., ubicado en la zona de vida de Bosque Seco
Tropical (bs-T) (Holdridge 1978). La precipitacion media
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anual en el area de estudio es de 1,400 mm, con una
distribucion bimodal, siendo los meses mas secos enero,
febrero y de julio a septiembre; y los mas hiimedos de
marzo a junio y de octubre a diciembre. La diferencia
en precipitacion entre los meses secos y htimedos es
de 180 mm (ClimateData 2023). Los suelos del area
de estudio son de origen fluvio-volcanico, con textura
franco-arenosa (>68 % de arena, 14 % de arcilla); son
superficiales con capas compactadas, pobres en materia
organica y con baja retencion de humedad; con pH entre
acido y neutro, con alto contenido de potasio y un buen
balance calcio:magnesio (Castro 1996).

Descripcion de las especies

Las lefiosas del estudio provienen de semillas colectadas
de individuos maduros pertenecientes a 22 especies
encontradas en potreros de las fincas ganaderas
presentes en la zona donde se realiz6 el estudio. Estas
fueron llevadas a una “Coleccion de Trabajo de Especies
Lefiosas Forrajeras” (sin llegar a ser accesiones), la
cual fue establecida en el afio 2014 en el Centro de
Investigacion Nataima. De ellas se seleccionaron las 20
con mayor presencia en fincas ganaderas de la region
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donde se efectud el estudio (Pérez-Almario et al. 2021),
las mismas que pertenecen a nueve familias. La lista de
especies seleccionadas se presenta en el Cuadro 1.

Cada especie contd con 228 individuos sembrados
en tres filas, con distancias entre plantas y surcos de
1 x 1 m. Al momento de iniciar este experimento los
arboles tenian una edad de cuatro anos, contados desde
su siembra en el sitio definitivo. En esas parcelas no se
suministr6 riego ni fertilizacion exodgena, simulando el
manejo que le daria un productor.

Podas para homogenizacion del forraje

Basados en estudios previos sobre produccion de
rebrotes de las especies bajo estudio, se realizd una poda
de uniformizacion de los arboles de la siguiente forma:
1) Los 228 arboles de cada especie se dividieron y se
marcaron sistematicamente en 19 grupos con 12 arboles
cada uno. 2) Cada arbol se pod6 a una altura de 80 cm
desde el suelo para facilitar la cosecha de los rebrotes;
3) Al dia 45 después de la poda de uniformizacion, se
iniciaron las homogenizaciones sistematicas para cada
grupo tomando el dia 46 como el dia uno para el grupo 1,
el dia 47 para el dia dos del grupo 2 y asi sucesivamente

Cuadro 1. Especies lefiosas (19 arboreas y una arbustiva), evaluadas en el estudio

Nombre comin Familia Nombre cientifico y autoridad Forma de crecimiento
Igua Fabaceae Albizia guachapele (Kunth) Dugand Arbol
Bayo/Gallinazo Fabaceae Albizia niopoides (Bruce ex Benth.) Burkart Arbol
Saman/Campano Fabaceae Albizia saman (Jacq.) Merr. Arbol
Patevaca Fabaceae Bauhinia variegata L. Arbol
Incienso Burseraceae Bursera tomentosa (Jacq.) Triana & Planch. Arbol
Carbonero Fabaceae Calliandra riparia Pittier Arbol
Bohio Fabaceae Clitoria fairchildiana R.A. Howard Arbol
Gomo/Uvito Boraginaceae Cordia alba (Jacq.) Roem. & Schult. Arbol
Totumo Bignoniaceae Crescentia cujete L. Arbol
Orejero Fabaceae Enterolobium cyclocarpum (Jacq.) Griseb. Arbol
Cambulo/Gallito Fabaceae Erythrina fusca Lour. Arbol
Melina Lamiaceae Gmelina arborea Roxb. Arbol
Matarraton Fabaceae Gliricidia sepium (Jacq.) Walp. Arbol
Guacimo Malvaceae Guazuma ulmifolia Lam. Arbol
Gualanday Bignoniaceae Jacaranda caucana Pittier Arbol
Leucaena Fabaceae Leucaena leucocephala (Lam.) de Wit Arbol
Moringa Moringaceae Moringa oleifera Lam Arbol
Ciruelo dulce Anacardiaceae Spondias purpurea L. Arbol
Jobo acido Anacardiaceae Spondias mombin L. Arbol
Boton de oro Asteraceae Tithonia diversifolia (Hemsl.) A. Gray Arbusto

"Nomenclatura cientifica segin The World Flora Online (www.worldfloraonline.org).
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hasta llegar a homogenizar los arboles del grupo 19. Los
12 arboles de cada grupo garantizaron la disponibilidad
de suficiente forraje para cada dia; 4) Las cosechas de
forraje para las pruebas de cafeteria se realizaron en el
mismo orden de homogenizacion sistematica, con miras
a lograr caracteristicas similares en cuanto a la edad y la
calidad de los rebrotes.

Caracteristicas generales de la prueba de cafeteria

La metodologia aplicada en este estudio fue descrita
por Pérez-Almario (2011), pero se hicieron algunas
modificaciones dada la naturaleza del estudio. Las
modificaciones se relacionan con el numero de especies
utilizadas (20), la duracion total del ensayo (19 dias),
la altura de suministro del forraje al animal (entre 80 y
100 cm), y el didmetro de las ramitas de forrajes cortadas
y ofrecidas (didmetro <0.8 cm). Otra modificacion de
la prueba en la fase de evaluacion fue el suministrar
los forrajes a los animales en un brete, en lugar de un
comedero.

Periodo de acostumbramiento animal

Previo al inicio de las mediciones, se tuvo un periodo de
acostumbramiento de ocho dias, para que los animales
se acostumbraran al olor, sabor y textura de los distintos
forrajes que ain no conocian, como parte del proceso

conocido como ‘'palatabilidad aprendida' (Kissileff

1990), y acogiendo las recomendaciones metodologicas
de Stewart (1999). Para ello se suministré cada mafiana
en comederos, por una sola vez y en forma simultanea,
5 kg de forraje fresco (rebrotes de 45 dias de edad) de
cada una de las especies.

Oferta de forraje en la prueba de cafeteria

Las especies fueron ofrecidas a los animales por “pares
o combinaciones de dos especies a la vez”. El nimero
de pares de forrajes fue calculado usando el método de
“Combinacion Aleatoria sin Repeticion”, con 20 especies
arregladas en pares (C')=(?% ), lo cual resulto en 190
combinaciones por animal, para un total de 950 pares
para los cinco animales. A los 190 pares se les asigné un

valor aleatorio entre 0 y 1 calculado en Excel, el cual fue
ordenado de mayor a menor. Este orden descendente fue
dividido en 19 grupos de 10 pares. Para la programacion
de las pruebas cortas', los 10 pares o combinaciones de
forrajes se ofrecieron a cada uno de los animales desde el
dia 1 hasta el dia 19 en el mismo orden descendente, sin
repetir ninguna combinacion. Este proceso fue replicado
sistematicamente en cada uno de los cinco animales
utilizados para el estudio, es decir, se realizaron 50
pruebas cortas por dia durante 19 dias.

Cada prueba corta fue un evento de tres minutos de
duracion, en el cual se ofrecid a los animales un par de
especies, dispuestas por separado en atados de 1 kg de
forraje verde por cada especie. Los atados se ubicaron a la
salida del brete, frente del animal, a una altura entre 80 y
100 cm desde el suelo, segtin lo recomendado por Pérez-
Almario (2011). El forraje utilizado para las pruebas
de palatabilidad estuvo compuesto por hojas y puntas
de las ramas con diametro <0.8 cm, las cuales fueron
cosechadas entre las 5:00 y 7:00 a.m. del mismo dia de
evaluacion, para prevenir la deshidratacion del forraje.

Caracteristicas de los animales

Para la prueba de cafeteria se usaron cinco bovinos
(machos adultos) de la raza Blanco Orejinegro (BON),
con pesos entre 400 y 420 kg. Cada dia, los animales
permanecieron en una pastura de Megathyrsus maximus
cv. Tanzania, que fue el forraje base de la dieta. De alli,
cada dia los animales fueron llevados a un corral con un
brete (embudo/manga) disefiado para la entrada de un
solo animal a la vez, y de esa manera facilitar el manejo
de los tiempos antes y después de cada prueba corta.

Las combinaciones de forrajes que correspondian a
cada dia fueron aleatorizadas, lo mismo que los animales;
y con base en ello se defini6 el orden de entrada de los
animales, y el orden de oferta de los pares de especies.
Dos personas ofrecieron las combinaciones de forrajes a
los animales e hicieron el control de tiempo.

Diserio experimental

Se utiliz6 un disefo con factores anidados (Montgomery
2004), en el cual los pares de forrajes se anidaron dentro

'"Prueba corta o evento, es la seccion de la metodologia donde se somete al consumo de los animales una combinacion de dos especies.
Esta prueba corta o evento, solo se realiza una unica vez, con una duraciéon maxima de tres minutos por cada par de forrajes. Alli se mide la
palatabilidad relativa de forraje para cada especie. Durante esta misma prueba corta se hace el conteo de mordidas o bocados que hace el animal

sobre cada especie.

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




de los animales. Si bien el modelo inicial usado para el
analisis incluia interacciones, estas no se consideraron
al momento de comparar medias de tratamientos porque
no alcanzaron significancia (p<0.05).

Variables medidas

En las muestras de forraje se determind el contenido
de materia seca (MS; %) por secado en horno de aire
forzado hasta alcanzar peso constante; mientras que en
las muestras secas y molidas se analizo los contenidos
de proteina cruda (PC; %), fibra detergente neutro
(FDN; %); fibra detergente acido (FDA; %); extracto
etéreo (EE; %), Calcio (Ca; %), Fosforo (P; %) taninos
condensados (TC; %) y hemicelulosa (Hem; %), mediante
el método de Espectroscopia de Infrarrojo Cercano
(NIRS) utilizado por el Laboratorio de Nutricion y
Calidad de Forrajes de Agrosavia.

En las pruebas cortas con los animales, en periodos
con una duracion de tres minutos se determind el
consumo relativo del forraje (g MS); el nimero de bocados
(por conteo de mordidas); el tamafio de bocado (g MS,
estimado como el cociente entre forraje consumido y el
numero de bocados); y el tiempo efectivo de consumo (en
segundos) medido por dos observadores que contaban con
cronometros deportivos. El diametro de mordida (mm),
fue medido en las cinco ramas mas gruesas que fueron
mordidas por los animales, para lo cual se utilizd un
calibrador digital tipo 'pie de rey'. En cada prueba corta
se estimo la cantidad de forraje consumido (g MS) por
diferencia entre la oferta y lo desechado (el material caido
al piso se registro como desechado).

Analisis de datos

Para el analisis de calidad nutricional de los forrajes se uso
estadistica descriptiva. Para el analisis de las variables
de palatabilidad relativa se usaron modelos lineales
generalizados y mixtos (MLGM). Las comparaciones
de medias se efectuaron a través de la prueba DMS
utilizando el nivel de significancia de P>0.05. También
se utilizo el andlisis de componentes principales (ACP)
como método de agrupamiento descrito a través de
una figura biplot, y por ultimo se determinaron las
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correlaciones de Spearman entre las variables de
palatabilidad relativa y las de calidad nutricional. Para
todos los analisis estadisticos se uso el Software InfoStat
Version Profesional (Di Rienzo et al. 2020).

Resultados
Calidad nutricional

Los resultados presentados aqui corresponden a una
edad de 45 dias de rebrote que fue aplicada a todos los
forrajes evaluados. El contenido de MS de los diferentes
forrajes vario del 16 al 37 %, siendo el valor mas bajo
para T. diversifolia y el mas alto para C. riparia. Los
contenidos de proteina cruda (PC) oscilaron en un rango
de 12.4 a 23.2 %; los de Ca entre 0.3 y 1.6 %, P entre
0.1 y 0.4 % y los taninos condensados (TC) entre 1.4 y
6.7 %. Las especies con menor contenido de TC en orden
ascendente fueron 4. niopoides, T. diversifolia, A. saman,
A. guachapele, E. fusca 'y G. sepium, con valores entre
1.2 y 1.8 %; en contraste, los valores mas altos, en
orden ascendente, fueron para G. arborea, C. riparia,
S. mombin, S. purpurea 'y B. tomentosa con 4.3, 4.4, 5.5,
5.9y 6.7 %, respectivamente. Las concentraciones de
FDN variaron entre 34.4 y 42.5 %, y las de FDA entre
12.3 y 24.5 % (Cuadro 2).

Consumo relativo por especie

Las especies evaluadas mostraron diferencias (P<0.0001)
en el nivel de consumo. Las que mostraron los niveles mas
altos de consumo relativo fueron: 4. niopoides, seguida
por L. leucocephala, G. sepium, E. fusca 'y G. ulmifolia,
con valores de 240, 216, 152, 149 y 145 g MS/prueba de
tres minutos, respectivamente (Cuadro 3). 7. diversifolia
mostrd un consumo alto en forraje verde, pero también
un bajo contenido de MS, por lo que su consumo en
materia seca fue bastante mas bajo (77 g MS) que en las
especies listadas previamente.

Con base en los niveles de consumo de materia
seca observados en las pruebas de corta duracion, se
clasificaron las especies en funcion de su palatabilidad
relativa. Las especies con niveles de consumo superiores
a 150 g MS/tres minutos se consideran de palatabilidad
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Cuadro 2. Contenido de materia seca y componentes quimicos en el forraje de las veinte especies arboreas evaluadas.

Especie MS Proteina ~ FDN FDA EE Ca P TC Hem
Albizia guachapele 31.3 21.9 40.3 16.8 35 0.8 0.2 1.6 20.7
Albizia niopoides 33.0 21.9 39.6 16.5 44 0.5 0.3 1.2 20.3
Albizia saman 30.0 20.9 40.0 15.2 4.0 0.4 0.2 1.4 20.4
Bauhinia variegata 32.8 14.4 42.5 17.4 37 0.9 0.2 3.5 18.2
Bursera tomentosa 332 15.8 377 21.4 24 1.0 0.2 6.7 20.7
Calliandra riparia 37.8 19.9 41.4 18.7 23 0.7 0.2 4.4 19.7
Clitoria fairchildiana 29.5 20.6 40.6 18.8 1.5 0.7 0.2 2.5 20.0
Cordia alba 23.8 19.6 39.0 18.8 1.8 1.6 0.3 34 21.7
Crescentia cujete 29.2 12.4 344 19.8 1.9 1.1 0.2 2.7 21.7
Enterolobium cyclocarpum 29.5 16.2 35.0 21.9 2.8 0.9 0.2 2.0 22.9
Erythrina fusca 23.1 18.5 36.4 15.8 1.9 0.8 0.3 1.7 18.1
Gliricidia sepium 20.3 21.2 40.8 13.2 2.5 0.9 0.2 1.8 20.1
Gmelina arborea 24.2 14.2 332 24.5 1.3 0.9 0.3 4.3 214
Guazuma ulmifolia 294 16.4 42.5 17.7 4.5 1.1 0.2 32 18.7
Jacaranda caucana 23.2 13.6 40.5 16.7 1.3 0.3 0.1 5.7 22.6
Leucaena leucocephala 26.5 23.2 39.4 16.2 2.1 0.9 0.2 32 17.2
Moringa oleifera 15.9 17.9 394 13.7 2.0 1.1 0.4 2.0 19.7
Spondias mombin 227 14.0 40.2 16.1 1.7 0.3 0.2 5.5 21.4
Spondias purpurea 27.6 16.3 39.5 14.4 1.8 1.4 0.2 59 19.4
Tithonia diversifolia 16.6 19.7 36.1 12.3 1.6 1.6 0.3 1.3 16.0

MS=Materia seca (%); Proteina=(%); FDN=Fibra en Detergente Neutro (%); FDA=Fibra en Detergente Acido (%); EE=Extracto
Etéreo (%); Ca=Calcio (%); P=Fdsforo (%); TC=Taninos Condensados (%); Hem=Hemicelulosa (%o).

muy alta, y fue el caso de 4. niopoides, L. leucocephala
y G. sepium; aquellos con consumos entre 100 y 149
g MS, como sucedid con E. fusca, G. ulmifolia, C.
riparia, C. fairchildiana, S. purpurea y S. mombin,
se consideran de palatabilidad alta; los que mostraron
niveles de consumo entre 60 y 99 g MS, como es el caso
de A. guachapele, T. diversifolia, C. alba, M. oleifera y
C. cujete, se califican como de palatabilidad media, y las
especies con consumos menores a 60 g MS se consideran
de palatabilidad baja (Cuadro 3).

Consumo de las especies ofrecidas en pares

Las combinaciones de los forrajes en pares mostraron
diferencias (P<0.0001) en el nivel de consumo. En
buena medida esto reflejé los resultados de consumo
relativo observados para las especies individuales. Los
pares de forrajes que mostraron los mayores consumos
fueron: A. niopoides con L. leucocephala, seguida

por A. niopoides con C. cujete, y L. leucocephala con
G. ulmifolia. En este caso, los pares de especies con
consumos superiores a 250 g MS/tres minutos, se
consideran forrajes altamente apetecidos. Sin embargo,
debe resaltarse que si bien A. niopoides present6 la mayor
participacion en las combinaciones con palatabilidad
alta, es una especie nativa casi desconocida por técnicos
y ganaderos (Cuadro 4).

Numero de bocados

El nimero de bocados ingeridos por los bovinos difirio
con las especies de forrajeras (P<0.0001). Las especies
que mostraron un mayor numero de bocados (Figura 1)
fueron también las que presentaron el consumo
relativo mas alto. El ordenamiento de esas especies en
forma descendente fue: L. leucocephala, G. sepium,
E. fusca, G. ulmifolia, A. niopoides, T. diversifolia y
C. fairchildiana.
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Cuadro 3. Palatabilidad relativa, expresada como cantidad consumida (g MS) en tres minutos, para las veinte especies arboreas
evaluadas. (Media + error estandar).

Orden Especie Palatabilidad relativa Grado de palatabilidad relativa
forraje consumido/animal/3 minutos (g MS)

1 Albizia niopoides 240.91 £+ 8.76a Muy alta

2 Leucaena leucocephala 216.79 + 8.77b Muy alta

3 Gliricidia sepium 152.47 + 8.76¢ Muy alta

4 Erythrina fusca 149.02 + 8.75¢ Alta

5 Guazuma ulmifolia 145.7 7 + 8.76¢ Alta

6 Calliandra riparia 127.86 + 8.78d Alta

7 Clitoria fairchildiana 123.1 + 8.77de Alta

8 Spondias purpurea 122.54 + 8.74de Alta

9 Spondias mombin 108.74 £ 8.79¢f Alta

10 Albizia guachapele 93.94 + 8.76fg Media

11 Tithonia diversifolia 77.39 + 8.77gh Media

12 Cordia alba 75.84 + 8.7%h Media

13 Moringa oleifera 62.17 £ 8.77hi Media

14 Crescentia cujete 62.09 + 8.78hi Media

15 Bauhinia variegata 56.98 + 8.86ij Baja

16 Gmelina arborea 47.98 + 8.85ijk Baja

17 Jacaranda caucana 41.92 + 8.77jkl Baja

18 Bursera tomentosa 37.43 + 8.85kl Baja

19 Albizia saman 28.23 £ 8.781 Baja

20 Enterolobiun cyclocarpum 10.67 = 8.77m Baja

Medias con una letra comin no difieren (P>0.05).

Cuadro 4. Consumo de forraje para las 10 mejores
combinaciones forrajeras (g MS/animal/prueba corta) en El
Espinal, Colombia (Media =+ error estandar).

Combinacion Consumo de forraje
(g MS /animal/prueba)
A. niopoides - L. leucocephala 453.45 + 32a
A. niopoides - C. cujete 378.55 + 32b
L. leucocephala - G. ulmifolia 363.96 £+ 32b
S. mombin - A. niopoides 343.24 +£32b
A. niopoides - A. guachapele 341.25 + 32b
S. mombin - G. sepium 332.13 +£32b
G. sepium - L. leucocephala 331.73 £32b
S. purpurea - A. niopoides 325.5+32b
T. diversifolia - C. riparia 322.61 +32b
A. niopoides - C. fairchildiana 319.05 + 32b

*®Medias con una letra comuan no difieren estadisticamente
(P>0.05).

Tamario de bocado

En la Figura 2 se presenta el tamafio de bocado para
las diferentes especies, parametro que se obtuvo como
el cociente entre el consumo de forraje divido por el
numero de bocados. A. guachapele y A. niopoides
fueron las especies que presentaron el mayor tamafio
de bocado (12.0 y 10.56 g MS, respectivamente), y ellas
difirieron (P<0.0001) entre si. Sin embargo, cabe anotar
que A. guachapele fue identificada como de palatabilidad
media en funcion del nivel de consumo.

Tiempo dedicado a consumir

El tiempo dedicado por los animales a consumir
un determinado forraje ofrecido como parte de las
diferentes combinaciones evaluadas en un periodo
de tres minutos (180 segundos), difirid6 en funcion de
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Figura 1. Numero promedio de bocados hechos por los bovinos en las veinte especies evaluadas. Medias con una letra comtiin no
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Figura 2. Tamaiio del bocado para los forrajes de las veinte especies evaluadas en El Espinal, Colombia. Medias con una letra

comun no difieren significativamente (P>0.05).

las especies (P<0.0001). Las diez especies a las que
los animales dedicaron mayor tiempo para consumir,
fueron en orden descendente: L. leucocephala, E. fusca,
G. ulmifolia, A.niopoides, G. sepium, T. diversifolia,
C. fairchildiana, S. purpurea, S. mombin y C. riparia,
con valores que oscilaron entre 131 y 72 segundos, dentro
de los 180 segundos que dur6 cada prueba (Figura 3).

Diametro de la rama mordida

El didmetro de la rama mordida difiri6 (P<0,0001) en
funcion de las especies. El diametro promedio de las
ramas mordidas oscil6 entre 2.99 y 5.14 mm; los valores
mas altos correspondieron a 7. diversifolia, G. sepium
y B. tomentosa, las cuales registraron didmetros de
mordida superiores a 5 mm (Figura 4).

Andalisis de agrupamiento de las especies en funcion de
las variables evaluadas

Las especies 4. niopoides, G. ulmifolia, L. leucocephala,
C. riparia, C. fairchildiana y G. sepium del cuadrante
I, presentaron mayor similitud entre ellas tomando en
cuenta variables tales como el consumo relativo, tiempo
de consumo, numero de bocados, y los contenidos
de proteina, FDN, P y EE (Figura 5). Las especies
A. guachapele, A. saman, B. tomentosa, J. caucana
y B. variegata se agruparon por su similitud en los
contenidos de TC en el cuadrante II; mientras que
las especies C. cujete, G. arborea y E. cyclocarpum
estuvieron mas relacionadas entre ellas por presentar
mayores contenidos de FDA en el cuadrante III; y las
especies S. purpurea, E. fusca, M. oleifera, C. alba 'y
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Figura 3. Tiempo dedicado a consumir forraje (segundos x prueba/tres minutos) para las 20 especies evaluadas en El Espinal,
Colombia. [Medias con una letra comin no difieren estadisticamente (P>0.05)].
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Figura 4. Diametro de la rama mordida por los bovinos (mm) en las 20 especies evaluadas en El Espinal, Colombia. [Medias con
una letra comun no difieren estadisticamente (P>0.05)].
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Figura 5. Agrupamiento de las 20 especies arboreas usando indicadores de palatabilidad y calidad en El Espinal, Colombia.
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T diversifolia mostraron similitud por sus contenidos de
Ca en el cuadrante IV.

Correlaciones entre variables quimicas y la
palatabilidad forrajera

El nivel de consumo, numero de bocados, tiempo
dedicado a consumir, y los contenidos de proteina, FDN,
FDA, Cay TC presentaron correlaciones positivas. Los
coeficientes de correlacion (r) entre el nivel de consumo
con el tiempo dedicado a consumir, el numero de
bocados y el contenido de proteina fueron 0.94, 0.94 y
0.57, respectivamente. Los contenidos de proteina y Ca
se correlacionaron de manera inversa con los TC (-0.62
y -0.45); al igual que el nivel consumo con el tamaio de
los bocados (-0.42). Por otro lado, el tiempo dedicado
a consumir presentd una correlacion positiva alta con
el nimero de bocados (0.98) y una relacion inversa con
el tamafio del bocado (-0.64); y el nlimero y tamafio de
los bocados presentaron una correlacion negativa (-0.67)
entre ellos (Cuadro 5).

Discusion

Muchos arboles y/o arbustos son fuentes forrajeras de
alta calidad nutricional que pueden ser integradas en
sistemas de alimentacion de bovinos. Esto se ve reflejado
especialmente en los altos contenidos de proteina cruda
(Cuadro 2), lo cual es un atributo importante de estos
follajes, sobre todo para el periodo seco cuando las

gramineas presentan niveles muy bajos de este nutriente,
lo cual afecta negativamente la actividad ruminal, el
consumo y la produccion animal (Ibrahim et al. 2007;
Pérez-Almario et al. 2012). En términos generales, los
contenidos de proteina y hemicelulosa fueron altos en
todas las especies evaluadas, mientras que los de FDA
fueron relativamente bajos, lo que se atribuye no solo a
su condicion de individuos jovenes con apenas 45 dias
de rebrote, sino también porque la mayoria de las lefiosas
forrajeras presentan ese tipo de patron para el contenido
de las fracciones fibrosas (Pinto-Ruiz et al. 2010; Cab-
Jiménez et al. 2015; Cediel-Devia et al. 2020).

Los wvalores altos de proteina cruda y fosforo
encontrados para A. saman, L. leucocephala, y
A. niopoides en este estudio, concuerdan con lo reportado
por Pérez-Almario et al. (2012) para las mismas especies,
en otro estudio desarrollado en Nicaragua. En dicho
estudio esos componentes se relacionaron con el consumo
relativo alto, por lo que se consideraron como posibles
indicadores de una palatabilidad adecuada.

En cuanto a los contenidos de TC (Cuadro 2), catorce de
las veinte especies evaluadas presentaron valores menores
a 3.5 %, y varias de ellas mostraron palatabilidad relativa
muy alta o alta, pero otras como S. mombin 'y S. purpurea
que presentaron altos contenidos de TC (cercanos al 6 %),
fueron clasificados como forrajes de palatabilidad relativa
alta; en cambio, especies con un bajo contenido de TC
como A. saman y E. cyclocarpun, presentaron niveles
bajos de palatabilidad relativa en funcion del nivel de
consumo observado en las pruebas cortas.

Cuadro 5. Correlaciones de Spearman entre las variables de palatabilidad y algunas variables quimicas de los diferentes forrajes

evaluados en El Espinal, Colombia.

Tiem Num Tam Proteina FDN FDA Ca EE TC
Cons! Cons Boc Boc
Consumo 1
TiemCons 0.94* 1
NumBoc 0.94* 0.98* 1
TamBoc -0.42 -0.64* -0.67* 1
Proteina 0.57* 0.50* 0.54* -0.16 1
FDN 0.33 0.20 0.20 0.04 0.25 1
FDA -0.36 -0.44* -0.45% 0.43* -0.38 -0.20 1
Ca 0.35 0.45* 0.50* -0.55 0.18 -0.33 -0.22 1
EE 0.12 0.06 0.05 0.14 0.40 0.36 -0.03 -0.03 1
TC -0.24 -0.24 -0.24 0.07 -0.62* 0.13 0.37 -0.45%* -0.37 1

'Cons=Consumo relativo o Palatabilidad (g MS); TiemCons=Tiempo Consumo (seg); NumBoc=Numero Bocados (#);
TamBoc=Tamafio Bocados (g MS); Proteina (%); FDN=Fibra Detergente Neutra (%); FDA=Fibra en Detergente Acida (%);
Ca=Calcio (%); EE=Extracto Etéreo (%); TC=Taninos Condensados (%).

*Correlaciones significativas (P>0.05).
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Estos hallazgos parecieran contradecir reportes en
los que se afirma que los altos contenidos de TC son una
respuesta fisiologica de las plantas para protegerse contra
los herbivoros (Reddy y Elanchezhian 2008), afectando
la palatabilidad de las forrajeras (Héring et al. 2008). Es
mas, se ha sefialado que concentraciones de TC mayores
de 5.0 % afectan negativamente el consumo voluntario y el
incremento de peso vivo (Frutos et al. 2004), y que, por el
contrario, la provision de forrajes que contienen pequeias
cantidades de TC (menores a 5.0 %) ayudan a mejorar
la utilizacion del alimento por los rumiantes (Min et al.
2003; Mueller-Harvey 2006; Jenko et al. 2018). Lo cierto
es que hay variabilidad en el contenido de TC en funcion
de la edad de la planta, el método analitico utilizado, la
consistencia de hojas y tallos comestibles (Makkar 2003)
y en la composicion quimica de los mismos taninos
condensados (Schofield et al. 2001); pero, ademas debe
mencionarse que hay muchos otros rasgos funcionales de
las plantas que inciden sobre la palatabilidad (Baumont et
al. 2000; Cingolani et al. 2005).

El contenido de materia seca (MS) del forraje es
un componente muy variable, que depende de las
caracteristicas propias de cada especie (Mora-Delgado et
al. 2014), pero también de las condiciones ambientales y de
la edad de rebrote, entre otros factores. Por ejemplo, Pérez-
Almario (2011) reporto valores de MS alrededor del 40 %
en arboles adultos de 4. niopoides y E. fusca, mientras
que en este estudio las mismas especies mostraron valores
de 33 y 23 %, respectivamente. En cambio, en el caso de
T diversifolia y G. sepium, tanto en este estudio como en
otros (Holguin-Castafio et al. 2015; Garcia 2015), se han
reportado contenidos relativamente bajos de materia seca.

Debido a las variaciones en los contenidos de MS de
los follajes, es que para este tipo de estudios se recomienda
expresar el consumo relativo sobre la base de MS en lugar
de forraje verde. Esto qued6 evidenciado en el caso de
T. diversifolia que se mostré como de alta palatabilidad
con base en el consumo en fresco, pero paso al grupo de
forrajes de palatabilidad media por el nivel de consumo en
base seca, producto de su bajo contenido de MS.

Los datos de palatabilidad relativa resultantes del
analisis del nivel de consumo observado para las especies
individuales (Cuadro 3) y en combinacién con otras
(Cuadro 4), permiten sugerir el potencial que tienen
algunas especies para ser incluidas en los sistemas de
alimentacion, especialmente en regiones calidas y secas
como la del presente estudio. Entre esas especies estan
A. niopoides, L. leucocephala, G. sepium, E. fusca,
G. ulmifolia, T. diversifolia, C. riparia, C. fairchildiana,
S. purpurea, S. mombin, A. guachapele y C. alba. Sin
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embargo, al afirmar esto debe recordarse que no toda
la planta puede ser considerada como alimento para los
animales, sino que estos ejercen primero seleccion a favor
de las partes mas gustosas y tiernas de la planta (Lyons et
al. 2001; Lloyd et al. 2010).

El conocimiento de la palatabilidad de lefosas
forrajeras es importante para decidir qué especies
considerar en el disefio de un sistema de alimentacion dado
(Rosales Méndez 1999); sin embargo, no son muchas las
referencias disponibles sobre el tema en América Tropical
(Jiménez-Ferrer et al. 2007; Garcia et al. 2008; Velazquez-
Vélez et al. 2009; Pérez-Almario et al. 2012), pese a que
algunos estudios de conocimiento local han identificado
un buen numero de lefiosas potencialmente palatables
(Pérez-Almario et al. 2021). Esto ultimo fue justamente
lo que motivo la realizacion del presente estudio. Algo
similar ha sido observado en otras regiones del mundo
(Larbi et al. 2010; Quansah y Makkar 2012).

El nimero de bocados (Figura 1) y tamano del bocado
(Figura 2) constituyen criterios importantes para valorar
la palatabilidad de los forrajes (Pérez-Almario et al. 2012).
Sin embargo, su interpretacion requiere de un analisis
cuidadoso, asi: a) forrajes de lefiosas que presentan un
alto nivel de consumo en periodo corto y un alto nimero
de bocados se considera poseen alta palatabilidad; b) si
los bocados son pequefios, pero se da un alto nimero
de bocados puede ser que la especie sea palatable, pero
la distribucion heterogénea de hojas comestibles sobre
las ramas no permite que el animal consiga una buena
cantidad de forraje en cada bocado, y por esa razon el
animal trata de compensar esa limitante con un mayor
numero de bocados; y c) forrajes con un bajo niumero de
bocados y poco tiempo dedicado a consumir (Figura 3)
son indicativos que son poco palatables.

En cuanto al didmetro de la mordida (Figura 4), se ha
sugerido que este es mayor si la especie es poco lefiosa
(Pérez-Almario et al. 2012). En el caso particular de
este estudio practicamente todos los follajes ofrecidos
eran tiernos, dado que se trataba de rebrotes de 45 dias,
por lo que no habian llegado a la condicion de material
lefioso en el forraje ofrecido. Un aspecto que puede
haber incidido para que una especie de palatabilidad
media como 7. diversifolia haya mostrado el valor
mas alto en el didmetro de mordida (5.3 mm), puede
atribuirse al tamafo de sus hojas (Pérez-Almario 2011).
Otro aspecto por tomar en cuenta en el analisis de
palatabilidad relativa es que no necesariamente todas
las especies identificadas como altamente palatables
(Cuadro 3) mostraron el mayor didmetro de mordida
(Figura 4), lo cual sugiere que hay otros factores
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posiblemente morfologicos de las ramas y hojas que
influyen sobre ese atributo.

Losanalisis de agrupamiento (Figura 5) y correlaciones
multiples (Cuadro 5) sugieren que A. niopoides,
G. ulmifolia, L. leucocephala, C. riparia, C. fairchildiana
y G. sepium se perfilan como las especies mas gustosas para
los animales; lo cual ratifica el potencial de estas especies
para ser incluidas en los sistemas de alimentacion animal
bajo condiciones similares a las del presente estudio. Por
otro lado, S. purpurea, E. fusca, M. oleifera, C. alba y
T diversifolia comparten asociaciones de similitud con
A. guachapele, A. saman, B. tomentosa, J. caucana y
B. variegata, principalmente por sus contenidos de TC,
lo cual parece ha limitado el consumo de estas (Barahona
et al. 2003; Pereira et al. 2018) y ha resultado en que se
clasifiquen mayormente como de palatabilidad media;
mientras que G. arborea'y E. cyclocarpum aparecen en el
grupo de palatabilidad baja, aparentemente asociados con
niveles altos de FDA, pero no se tiene bases en la literatura
para afirmar que esa fraccion sea responsable de ello.

En el presente estudio, al igual que en los de Sandoval-
Castro et al. (2005), Garcia et al. (2008) y Pinto-Ruiz et al.
(2010), no se detectaron valores altos de correlacion entre
las variables asociadas al comportamiento ingestivo (nivel
y tiempo de consumo, nimero y tamafio de bocados) con
ninguna de las fracciones quimicas analizadas (Cuadro 5),
lo cual confirma que la palatabilidad es un atributo muy
complejo y dificil de predecir, pues hay muchas variable
que la afectan, mas alla de los componentes quimicos
(Cooper et al. 1988; Owen-Smith 1993).

Conclusiones

De las 20 especies de arboles representativas del Bosque
Seco Tropical evaluadas, al menos ocho (4. niopoides,
E. fusca, C. fairchildiana, A. guachapele, C. riparia,
S purpurea, S. mombin, y C. alba) tienenunapalatabilidad
relativa alta o muy alta y caracteristicas nutricionales
aceptables, que las facultan para ser incorporadas en
los sistemas de alimentacion de bovinos, pero algunas
de ellas han sido poco estudiadas y valoradas por los
investigadores y técnicos de campo. Las ocho especies
mencionadas, sumadas a otras especies de uso frecuente,
tales como L. leucocephala, M. oleifera, G. ulmifolia,
G. sepium y T. diversifolia, aumentan la diversidad de
lenosas forrajeras disponibles para uso como alimento
en estos ecosistemas.

Para la valoracion relativa de follajes de especies
lefiosas en funcion de su palatabilidad, es posible utilizar
pruebas de cafeteria de muy corta duracién, como las

utilizadas en este estudio, y con base en ellas definir
rangos de palatabilidad relativa en funcion del nivel de
consumo. En el caso del presente estudio, con pruebas
cortas de solo tres minutos de exposicion de los animales
a los forrajes, estos se clasificaron como de palatabilidad
muy alta (>150 g MS), alta (100-149 g MS), media
(60—99 g MS) y baja (<60 g MS).

Recomendaciones

En etapas preliminares de seleccion de lefiosas con
potencial forrajero, cuando se tienen muchas especies
como candidatas, puede resultar de gran ayuda en la
determinacion de la palatabilidad relativa, el uso de
pruebas de cafeteria de muy corta duracion (3 minutos de
exposicion al follaje) como las utilizadas en este estudio.

Algunasespecies del Bosque Seco Tropical identificadas
como promisorias por su palatabilidad alta, tales como
Albizia niopoides, Spondias purpurea 'y S. mombin, han
sido poco estudiadas por los investigadores. Para su
eventual incorporacion en sistemas de alimentacion animal
es necesario evaluar su potencial de produccion de biomasa
en bancos forrajeros u otros arreglos silvopastoriles, y
posteriormente su efecto sobre produccion animal cuando
se integran como parte de la racion.
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Articulo cientifico

Comportamiento productivo y quimica sanguinea en pollitas de
reemplazo de ponedoras White Leghorn alimentadas con harina de
forraje de Tithonia diversifolia

Productive behavior and blood chemistry in replacement pullets of White
Leghorn layers fed Tithonia diversifolia forage meal

YSNAGMY VAZQUEZ PEDROSO', BARBARA RODRIGUEZ SANCHEZ', LOURDES LUCILA SAVON
VALDES' Yy TOMAS ELIAS RUIZ VAZQUEZ>

'Departamento Monogastricos, Instituto de Ciencia Animal, Mayabeque, Cuba. ica.edu.cu
*Departamento Pastos y Forrajes, Instituto de Ciencia Animal, Mayabeque, Cuba. ica.edu.cu

Resumen

La harina de forraje de Tithonia diversifolia constituye una alternativa préctica para la sustitucion de alimentos
convencionales en dietas para aves, dadas sus caracteristicas nutricionales. Sin embargo, las investigaciones sobre el
uso de esta planta en alimentacion de aves atin son escasas, por lo que persiste la necesidad de continuar los estudios
y en especial, en el caso de pollitas de reemplazo, categoria avicola poco investigada. El presente estudio evalud el
efecto de la harina de forraje de tithonia (ecotipo 10) en el comportamiento productivo y quimica sanguinea de pollitas
de reemplazo de ponedoras White Leghorn L-33, de 1 a 18 semanas de edad. Se utilizaron 840 aves con peso vivo
promedio inicial de 70 + 10 g. Los tratamientos experimentales consistieron en una dieta control (maiz-soya) y la
inclusion de 10, 15 y 20 % de harina de forraje de Tithonia diversifolia, con siete repeticiones (jaulas) cada uno y cada
jaula con 30 pollitas como unidad experimental. De 7 a 63 d de edad las aves alimentadas con tithonia tuvieron un
comportamiento productivo similar al control. En aves de 64 a 126 dias se detectdé mayor uniformidad en los lotes con
el 20 % de inclusion de harina de tithonia. No se observaron diferencias entre tratamientos para la concentracion de
proteinas totales, albimina y globulinas en sangre. Se concluy6 que la inclusion de harina de tithonia del ecotipo 10
hasta en un 20 % de la dieta no afecta el comportamiento productivo ni la salud de pollitas de reemplazo de ponedoras
White Leghorn entre 1 y 18 semanas de edad.

Palabras clave: alimentos alternativos, aves, forrajes arboreos, ganancia de peso, proteinas sanguineas.
Abstract

Tithonia diversifolia foliage meal constitutes a practical alternative for the substitution of conventional feeds in
poultry diets, due to its nutritional characteristics. There is limited information on the use of this feed in poultry diets,
particularly in the case of replacements for laying hens. In the present study the effect of tithonia (ecotype 10) forage
meal on the productive behavior and serum components in replacements of White Leghorn L-33 layers were evaluated.
A total of 840 chicken, from 7-126 d of age, with an average initial live weight of 70 = 10 g were used. The experimental
treatments consisted of a control diet (corn-soybean) and the inclusion of 10, 15 and 20 % of Tithonia diversifolia forage
meal, with 7 replicates (cages) each with 30 birds in a cage as the experimental unit. No differences (P>0.05) between
tithonia levels and the control diet were detected. The batch uniformity was higher with 20 % tithonia in the diet, for
birds of 64—126 d of age. The inclusion of the tithonia (ecotype 10) foliage meal did not affect the concentration of
total proteins, albumin and globulins in chicken serum. The results obtained suggest that using up to 20 % of tithonia
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(ecotype 10) meal in the diet of White Leghorn laying hen replacements, between 1 and 18 weeks of age, does not affect
the productive performance and health condition of the chicken.

Keywords: alternative feeds, live-weight gain, poultry, serum proteins, woody perennial foliages.

Introduccion

Enlosultimos afios, labtusqueda de alimentos alternativos
no convencionales para la produccion de monogastricos,
basados en la utilizacion de productos fibrosos resultantes
de la utilizacion de los recursos naturales disponibles,
constituye una estrategia de alimentacién importante
(Rodriguez et al. 2018). Esto supone encontrar fuentes
de proteina de facil adquisicion, capaces de cubrir las
necesidades nutritivas de las especies no rumiantes y
que, a su vez, tengan bajo costo y puedan contribuir a
mantener tasas de crecimiento satisfactorias (Méndez-
Martinez et al. 2019).

En ese contexto, se ha generado gran interés en la
utilizacion del forraje de diversas lenosas, como es el
caso de Tithonia diversifolia. Esta planta se caracteriza
por su alta disponibilidad en el tropico y excelente valor
nutritivo, dado su alto contenido de proteina y minerales,
alta digestibilidad de la materia seca, presencia de
aceites tanto en hojas como en flores, y un contenido de
azucares totales del 39.8 %. (Mahecha y Rosales 2005;
Gonzalez-Castillo et al. 2014).

En la produccién avicola, la utilizacion de la harina de
forraje de tithonia como sustituto parcial de las harinas
de soya y maiz, ha funcionado con éxito en dietas para
pollos de engorde a niveles del 5 al 15 % (Buragohain y
Rajkhowa 2019; Roa et al. 2020; Rodriguez et al. 2020);
y entre 10 y 15 % en dietas para gallinas ponedoras
(Rodriguez et al. 2018; Fuente-Martinez et al. 2019;
Carranco-Jauregui et al. 2020).

Los estudios de Ruiz et al. (2010, 2017, 2021) han
mostrado los avances logrados en Cuba en la evaluacion
de diferentes forrajes de 7. diversifolia colectados en todo
el pais. De estos, ¢l ecotipo 10 presento las caracteristicas
agrondémicas y nutricionales adecuadas para su empleo
en la alimentacion de pollos, gallinas ponedoras y cerdos
(Savon et al. 2008; Rodriguez et al. 2018; Savon et al.
2022); en cambio, ¢l empleo de este ecotipo en dictas
para pollitas de reemplazo ain es incipiente y existe
poca informacion al respecto. Por lo tanto, este estudio
tuvo como objetivo evaluar el efecto de la inclusion de
harina de 7. diversifolia ecotipo 10 en dietas de pollitas de
reemplazo de ponedoras White Leghorn L-33, entre una y
18 semanas de edad, sobre el comportamiento productivo
y la quimica sanguinea de esas aves.

Materiales y Métodos

Se trabajé con forraje de Tithonia diversifolia ecotipo 10,
la cual se habia establecido en la Unidad Experimental de
Pastos y Forrajes “Miguel Sistach Naya” del ICA, sobre un
suelo ferralitico rojo (Hernandez-Jiménez et al. 2019). El
proceso de cosecha del forraje y elaboracion de la harina
se realizo tal como ha sido descrito por Savon et al. (2022).

Animales y dietas experimentales

El trabajo se desarrollo en la Unidad Experimental
Avicola del Instituto de Ciencia Animal, Mayabeque,
Cuba. Se utilizaron 840 pollitas de reemplazo de gallinas
ponedoras White Leghorn L-33, de 1 a 18 semanas de
edad, con peso vivo promedio inicial de 70 £ 10 g. Los
animales se alojaron en jaulas metalicas de 1 m?, a razon
de 30 aves por jaula. Todos los animales se sometieron
a condiciones similares de manejo y alimentacion, con
suministro de agua y alimento ad libitum.

Los animales recibieron 24 h de iluminacion
artificial durante la primera semana de vida y a partir
de la segunda hasta las 18 semanas de vida, las pollitas
fueron sometidas a un régimen de luz de 14 horas
totales diarias (luz natural mas luz artificial). Todos
los animales se vacunaron contra la enfermedad de
Marek, bronquitis infecciosa, viruela aviar, Gumboro y
Newcastle, segtin el esquema de vacunacion establecido
para esta categoria.

Las aves se distribuyeron aleatoriamente en
cuatro tratamientos: una dieta control (maiz-soya) y
la inclusion de 10, 15 y 20 % de harina de forraje de
tithonia como reemplazo de la mezcla maiz-soya; se
tuvo 7 repeticiones (jaulas) por tratamiento, y la unidad
experimental fue cada jaula con 30 pollitas. Las dietas se
elaboraron semanalmente y se formularon isoprotéicas ¢
isoenergéticas segun las recomendaciones nutricionales
citadas en la guia elaborada por Rostagno et al. (2017).
La formulacion de las dietas utilizadas en los periodos
de crecimiento 7-28, 29—63 y 64—126 dias se presenta
en el Cuadro 1. Estas dietas habian sido utilizadas en un
estudio desarrollado por Vazquez et al. (2021).

Previo a la formulacion de las dietas, se realizd
analisis quimico de la harina de forraje de tithonia segin
AOAC International (2019). El contenido de materia
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seca de la harina fue de 88.6 %, y los contenidos en base
seca para proteina cruda, fibra cruda, calcio y cenizas
fueron: 19.0, 15.0, 2.33 y 16.8 %, respectivamente. El
fosforo disponible (0.18 %) se estimo al considerar que
las aves jovenes utilizan el 30 % del fosforo total (Scott
et al. 1976). El contenido de energia metabolizable de la
harina de forraje de tithonia se estimo6 era de 6.98 MJ de
EM/kg, segun Rodriguez et al. (2020), y fue este valor
que se utilizo para la formulacion de las dietas.

Evaluacion del comportamiento productivo

Todos los indicadores del comportamiento productivo se
determinaron en los periodos de 7 a 28; 29 a 63 y 64 a
126 dias de edad. Se control6 el consumo de alimento
semanal por el método de oferta y rechazo, el peso vivo

en una balanza técnica (SARTORIUS, Alemania) con
precision = 0.10 g y la mortalidad diaria por conteo. A
partir de estos datos se estimo la conversion alimenticia,
ganancia de peso, estandar del peso vivo (segtin el patron
de crecimiento de aves en Cuba) y viabilidad. A los 63 y
126 d de edad se seleccionaron al azar 11 aves por jaula
para obtener el peso vivo individual y determinar la
uniformidad del lote.

Indicadores de quimica sanguinea

Al final del periodo experimental (126 d de edad) se
seleccionaron al azar 10 animales por tratamiento,
a los cuales se les tom6 muestras de sangre a través
de puncion de la vena braquial (Marques et al.
2017), previo ayuno de alimento por ocho horas. El

Cuadro 1. Composicion de las dietas para los reemplazos de ponedoras en la etapa 7 a 126 dias, con diferentes niveles de inclusion

de harina de forraje de Tithonia diversifolia (ecotipo 10).

Materias primas usadas en los

Harina de forraje de tithonia (%)

concentrados y aporte de nutrientes 7 a 28 dias 29 a 63 dias 64 a 126 dias
Harina de maiz 56.29 4599 42.00 36.49 56.26 50.38 5048 4540 70.00 62.50 58.00 55.00
Harina de soya (44 % PB) 37.50 35.14 32.94 32.00 30.00 27.00 26.50 2525 21.50 18.00 16.70 14.80
Salvado de trigo (14.5 % PB) - - - - 8.00 500 0.00 0.00 - - - -
Harina de forraje de tithonia (19 % PB) 0.00 10.00 15.00 20.00 0.00 10.00 15.00 20.00 0.00 10.00 15.00 20.00
Zeolita - - - - - - - - 3.00 3.00 3.00 2.50
Aceite vegetal 200 475 6.10 750 1.20 3.60 420 576 000 140 2.60 3.00
Fosfato monocalcico 171  1.67 1.65 1.63 1.85 175 1.80 1.80 .50 1.50 1.50 1.50
Carbonato de calcio 1.49 140 1.05 0.90 1.75 125 1.00 0.75 230 190 1.55 1.55
Sal comun 035 035 035 035 035 035 035 035 035 035 035 035
DL metionina 018 0.22 028 0.35 011 0.14 0.14 0.16 015 015 0.15 0.15
Lisina 005 0.05 020 035 005 010 010 0.0 007 007 0.02 0.02
Colina 0.13 0.3 0.13 0.13 013 013 0.3 0.13 013 013 0.3 0.13
Premezcla vitaminas y minerales* 030 030 030 030 030 030 030 030 .00 1.00 1.00 1.00
Contenido Estimado de Nutrientes
Proteina bruta, % 21.0 21.0 21.00 21.00 185 185 185 185 145 145 145 145
Energia metabolizable, MJ/ kg 12.08 12.07 12.05 12.00 1194 1194 1194 1193 11.51 11.51 11.51 11.47
Fibra bruta, % 298 4.08 459 515 326 375 439 493 317 443 548 6.52
Calcio total, % 1.05 1.05 105 1.05 1.00  1.00 1.00 1.00 1.05 1.05 105 1.05
Fésforo disponible, % 048 048 048 048 045 045 045 045 040 040 040 040
Lisina, % .20 120 120 1.20 .00 100 1.00 1.00 0.67 0.67 0.67 0.67
Metionina + cistina, % 0.80 0.80 080 0.80 0.67 0.67 067 0.67 057 057 057 0.57

* Premezcla mineral por kg de alimento: selenio (0.1 mg), hierro (40 mg), cobre (12 mg), zin (120 mg), magnesio (100 mg), yodo
(2.5 mg) y cobalto (0.75 mg) y Premezcla vitaminica por kg de alimento: vitamina A (10 000 UI), vitamina D3 (2 000 UI), vitamina
E (10 mg), vitamina K3 (2 mg), vitamina Bl (tiamina, 1 mg), vitamina B2 (riboflavina, 5 mg), vitamina B6 (piridoxina, 2 mg),
vitamina B12 (15.4 mg), acido nicotinico (125 mg), pantotenato de calcio (10 mg), acido folico (0.25 mg) y biotina (0.02 mg).
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procedimiento de captura y sangrado de cada animal
no superd los cinco minutos. Para la obtencion del
suero, la sangre extraida se almacend en tubos sin
anticoagulante, y se extrajo el suero después de tres
horas de incubacion a 37 °C. El suero se conservo a
-20 °C hasta su evaluacion. Las proteinas totales se
determinaron por el método colorimétrico de Biuret
a 545 nanomeros (nm). La albumina se cuantifico
mediante el método de bromocresol verde en
espectrofotometro a 630 nm (Doumas et al. 1972).
Las globulinas se calcularon por diferencia entre las
proteinas totales y la albumina.

Analisis estadistico

Los datos obtenidos en cada periodo de evaluacion se
sometieron a analisis de varianza, segin un disefio
completamente aleatorizado con cuatro tratamientos,
y con 7 y 10 repeticiones por tratamiento, para los
indicadores de comportamiento productivo y salud,
respectivamente. Para el procesamiento estadistico se
utilizo el software InfoStat, version 2012 (Di Rienzo et
al. 2012). Para determinar las diferencias entre medias
se aplicod la Décima de Duncan (1955), con un nivel de
significancia de P<(0.05.

Resultados

El Cuadro 2 muestran el comportamiento productivo de
las aves entre los 7 y 63 d de edad. Los niveles crecientes
de harina de tithonia no afectaron el comportamiento
productivo de las aves (P>0.05). Es de destacar la alta
viabilidad de animales (>99 %) en ambas etapas, asi
como el estandar del peso vivo, que mostroé valores
superiores al 93 % (P=0.063) a los 28 dias de edad, y de
100 % (P=0.176) a los 63 dias.

El comportamiento de los animales de 64 a 126
d de edad se muestra en el Cuadro 3. La inclusion de
tithonia conservo los indicadores de peso vivo, consumo
de alimento, ganancia de peso y conversion alimenticia,
ya que no presentaron diferencias con el tratamiento
control (P>0.05). La uniformidad del lote se mantuvo
en un rango que oscilé de 76.6 a 88.3 % y fue mayor
(P<0.003) en las aves que recibieron las dietas con 20 %
de tithonia. La viabilidad fue similar a los periodos
anteriores y super6 el 99 %.

La inclusion de harina de forraje de tithonia no
modifico (P>0.05) la concentracion de proteinas totales,
albuminas y globulinas en suero sanguineo (Cuadro 4).
Las aves mantuvieron una relacion albumina/globulina
por encima de 0.8.

Cuadro 2. Efecto de la inclusion de harina de forraje de tithonia (ecotipo 10) en indicadores productivos de pollitas de reemplazo

de ponedoras (7 a 63 d de edad).

Indicadores Harina de forraje de Tithonia diversifolia, %
7 a 28 dias 29 a 63 dias
0 10 15 20 P< 0 10 15 20 P<

Consumo de 419 429 427 408 0.101 1320 1346 1359 1317 0.109
alimento (g/ave) +6.50 +6.50 +6.50 +6.50 +14.02  +14.02  £14.02  +£14.02
Conversion 2.12 2.17 2.17 2.01 0.054 2.62 2.65 2.69 2.60 0.474
alimenticia (g/g) +0.04 +0.04 +0.04 +0.04 +0.04 +0.04 +0.04 +0.04
Ganancia de peso 198 198 197 203 0.389 503 509 507 507 0.782
vivo (g/ave) +2.42 +2.42 +2.42 +2.42 +4.05 +4.05 +4.05 +4.05
Peso vivo (g/ave) 261 261 262 268 0.063 764 + 770 769 775 0.177

+2.04 +2.04 +2.04 +2.04 3.34 3.34 3.34 3.34
Uniformidad (%) - - - - - 80.51 81.81 81.81 84.41 0.668

+2.25 +2.25 +2.25 +2.25

Estandar del peso 93.37 93.16 93.52 95.77 0.063 100.58  101.26 ~ 101.15  100.58 0.176
vivo (%) +0.73 +0.73 +0.73 +0.73 +0.44 +0.44 +0.44 +0.44
Viabilidad (%) 99.99 99.99 99.99 99.75 0.409 99.59 99.75 99.75 99.43 0.414

+0.12 0.12 0.12 0.12 +0.16 +0.16 +0.16 +0.16

Media + Error estandar.
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Cuadro 3. Efecto de la inclusion de harina de forraje de
tithonia (ecotipo 10) en indicadores productivos del reemplazo
de ponedoras (64 a 126 d de edad).

Indicadores Harina de forraje de Tithonia P<
diversifolia, %
0 10 15 20
Consumo de 4251 4336 4241 4361  0.146
alimento +4275 +4275 +4275 4275
(g/ave)

Conversion 8.09 8.33 8.06 8.50 0.068
alimenticia +0.12 £0.12 +0.12 +0.12

(g/2)

Ganancia de 526 521 526 513 0.200
peso vivo +4.68 +4.68 +4.68 +4.68

(g/ave)

Peso vivo (g/ 1290 1291 1295 1288  0.532
ave) +3.22 £322 £322 £3.22
Uniformidad  76.62*  81.81* 80.51* 88.30°® 0.003
(%) +1.98 £198 £1.98 198

Estandardel ~ 99.24 9931 99.62 99.11  0.531
peso vivo (%) +£0.25 +0.25 +0.25 +£0.25
Viabilidad 9991 9999 9993 9991 0.546
(%) +0.08 +0.08 +0.08 +0.08
*® T etras desiguales en lamisma fila difieren significativamente
a P<0.05, (Duncan, 1955); Media + Error estandar.

Cuadro 4. Efecto de la inclusiéon de harina de forraje de
tithonia (ecotipo 10) en indicadores de salud de reemplazo de
ponedoras (126 d de edad)

Indicadores Harina de forraje de Tithonia P<
diversifolia, %
0 10 15 20
Proteinas 40.84 38.16 4049 4506 0.052

totales (g/L)  +1.71 1.71 1.71 1.71
Albimina 18.06 1792 1875 20.14  0.142

(g/L) +0.73 +0.73 +0.73 +0.73
Globulinas 22.80 2026 2174 2492 0.071
(g/L) +1.23 1.23 1.23 1.23
Relacion 0.81 0.91 0.88 0.82  0.284

albimina/ +0.04  0.04 0.04 0.04
globulina

Discusion

Elcontenidodefibradelostratamientos experimentales es
mas alto que el reportado para el concentrado comercial,
lo cual afectd ligeramente solo el valor energético de
la dieta con 20 % de inclusion de harina de Tithonia.
Quizas eso explique el por qué no se afectd (P>0.05)
el peso vivo, el consumo de alimentos, la conversion

alimenticia y la ganancia de peso vivo de los animales
en ninguna de las etapas del estudio y permiti6 obtener
para esas variables valores similares a los obtenidos
cuando se utiliz6 la dieta convencional. Esto indica que
las dietas en estudio tuvieron un contenido adecuado de
energia y proteina, lo cual permiti6 que las pollitas de
reemplazo lograran satisfacer sus necesidades nutritivas
y por lo tanto, no se afect6é su comportamiento.

Existen muy pocos trabajos en la literatura sobre el
uso del forraje de tithonia en pollitas de reemplazo de
ponedoras; sin embargo, en estudios sobre la inclusion de
harinade Moringa oleifera en estamisma categoria de aves,
Almeida y Savon (2011) tampoco reportaron afectacion
en la ganancia de peso. Por su parte, Mesa et al. (2020) no
encontraron efecto sobre el comportamiento productivo
de las pollitas al suministrar hasta un 20 % de harina
de forraje de M. oleifera. En cambio, Trujillo y Escobar
(2012) observaron que la inclusion de niveles altos (25, 50
y 75 % en la dieta) de harina de otras especies forrajeras
(Trichanthera gigantea, Tithonia diversifolia, Saccharum
spp, Alocasia macrorrhiza y Musa paradisiaca) tuvo un
efecto negativo sobre el comportamiento productivo de
pollos de engorde, con disminucion en la ganancia de
peso desde 31 hasta 83 %. También, Melesse et al. (2011)
y Almeida et al. (2016) reportaron un aumento en el
consumo de alimentos al incluir moringa en la racion de
pollos, y lo atribuyeron a la incapacidad de esta para cubrir
los requerimientos energéticos. Sin embargo, en el caso
particular de este estudio las dietas fueron isoenergéticas,
por lo que no se aprecio dicho efecto.

De igual forma, los resultados de este estudio
coinciden con lo reportado por Jiménez-Moreno et al.
(2010) quienes no encontraron efecto sobre el consumo
de alimento, ganancia de peso y conversion alimenticia,
en pollos de 1 a 21 d de edad, al incluir 1.54 % de fibra
cruda, 3 % de celulosa y otras cuatro dietas dispuestas
factorialmente que incluian 3 % de cascara de avena o
pulpa de remolacha. Gutiérrez-Castro y Hurtado-Nery
(2019) por su parte, no hallaron cambios en el consumo
de alimento con niveles crecientes de tithonia (5, 10 y
15 %) en dietas de pollos de engorde.

Rivera et al. (2018) afirman que Tithonia diversifolia
es una planta forrajera con potencial para la produccion
avicola desde el punto de vista nutricional, sobre todo
por su bajo contenido de metabolitos secundarios
perjudiciales. Por su parte, Verdecia et al. (2021)
informaron la presencia de niveles bajos de esos grupos
funcionales, como taninos, alcaloides y saponinas, lo
que permite un mejor aprovechamiento de los nutrientes
por los animales que la consumen.
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En cuanto a la uniformidad del lote, en la literatura
cientifica hay escasos trabajos que evaluen este indicador
en pollitas de reemplazo de ponedoras alimentadas con
tithonia. La mayor uniformidad obtenida con el 20% de
inclusion de la harina de este forraje en el alimento y la
menor uniformidad con el tratamiento control pudiera
estar condicionada por la presencia de algiin compuesto
bioactivo no identificado que esta presente en la harina
de forraje de Tithonia diversifolia, ecotipo 10 que lo
favorece. En este sentido, Scull et al. (2022) encontraron
niveles bajos de alcaloides, compuestos fendlicos y
triterpenos; metabolitos que pueden desencadenar
marcada actividad biologica en los animales. Este
resultado debe ser objeto de investigacion en estudios
posteriores.

Itza et al. (2011) sefialan que se logrard una mejor
produccioén mientras mas homogénea sea la poblacion.
Abad y Sarabia (2014) refieren que la uniformidad
es buena cuando es superior a 80 %. En este estudio,
independientemente que las aves con 20 % de tithonia
mostraron el valor mas alto de uniformidad (Cuadro 3),
con los tres niveles de inclusion de harina de este forraje
se obtuvo uniformidades por encima del 80 %, lo que se
considera como buena seglin estos autores. Se espera que
esto permitira eventualmente mantener una produccion
de huevos de acuerdo con la potencialidad de la linea
genética usada (Gous 2018).

Los resultados del comportamiento productivo de
este trabajo indican que las pollitas de reemplazo de
ponedoras White Leghorn L33 responden positivamente
a la inclusion de este forraje hasta un 20 % de la racion,
lo cual constituye un nuevo aporte para esta categoria
de aves. Ademas, si bien este estudio no incluyé un
analisis econdmico, se reconoce que al ser mas baratas
las raciones que incluian harina de Tithonia diversifolia
ecotipo 10 en sustitucion de la harina de maiz-soya, eso
debe resultar en mejores indicadores econdmicos tal
como fue mostrado por Baez-Quifiones et al. (2022).

Los indicadores séricos medidos en este estudio
(Cuadro 4) estuvieron dentro de los rangos fisiologicos
referenciales para la especie, que son de 30-50 g/L
de proteinas totales y 11-27 g/L de albumina, segun
Campbell (2012) y Miranda et al. (2010), respectivamente.
Por otro lado, Gutiérrez-Castro y Corredor-Matus (2019)
tampoco encontraron variacion en dichos indicadores al
evaluar la inclusion de hasta 15 % de harina de tithonia
en la dieta de pollos de ceba. Sin embargo, con el uso
de harina de follaje de moringa, Abbas et al. (2018)
observaron una disminucion de esos indicadores a

medida aument6 el nivel de inclusion. Los niveles de
proteinas en suero obtenidos en este estudio se asemejan
a los de Almeida et al. (2020), quienes encontraron
valores de 36.4 y 16.7 g/L para proteinas totales y
albumina, respectivamente; y las ligeras diferencias a
favor de este estudio posiblemente sean debidas al sexo
y la edad de muestreo de los animales, ya que, en esta
investigacion se evaluaron pollitas de reemplazo de 18
semanas de edad y las aves experimentales se sometieron
a un periodo de ayuno de 8 horas antes del muestreo.

La albumina se sintetiza exclusivamente en el higado
y representa la mayor fraccion proteica del plasma. Por
tanto, al no encontrar diferencias entre tratamientos,
sugiere que los niveles de harina de forraje de tithonia
estudiados, no afectaron la sintesis de esta proteina a
nivel hepatico (Savon et al. 2022) para esta categoria de
animales. Resultados similares fueron encontrados por
Gutiérrez-Castro y Corredor-Matus (2019) al evaluar
15 % de inclusion de harina de tithonia en la dieta de
pollos de ceba.

En relacion con las globulinas, tampoco se
encontraron diferencias entre tratamientos y los valores
obtenidos estuvieron dentro de los rangos normales (20—
40 g/L) segun Ross et al. (1976). Los niveles de globulina
sérica obtenidos en este estudio son superiores a los
encontrados por Savon et al. (2022) en dietas de pollos
de ceba, quienes obtuvieron cifras de 14.48, 16.34, 14.28,
13.76 y 16.32 g/L para los tratamientos control, 5, 10, 15
y 20 % de harina de forraje de tithonia, respectivamente.
Sin embargo, estan en correspondencia con los valores de
17-20 g/L alcanzados por Gutiérrez-Castro y Corredor-
Matus (2019) en pollos de ceba.

La relacion albumina/globulina observada para los
diferentes tratamientos se considera favorable, puesto
que obtuvo cifras proximas a la unidad. Segin Savoén et
al. (2022), un valor de 1.0 es la relacion optima e indica
que las aves se hallaban bien desde el punto de vista
nutricional.

En sintesis, los parametros de proteinas en el suero
no fueron afectados por los niveles de inclusion de
harina de tithonia; ademads, evidencian que no hubo
interaccion de factores antinutricionales para la
sintesis de los indicadores séricos del metabolismo
proteico. Por lo tanto, se reafirma la bondad de las
caracteristicas nutricionales de la harina de Tithonia
diversifolia ecotipo 10 que habia sido informada por
Scull et al. (2022). Sin embargo, se recomienda evaluar
otros parametros sanguineos que corroboren el estado
de salud de las aves.
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Conclusiones

Lainclusion de hasta 20 % de harina de forraje de tithonia
del ecotipo 10 en raciones de pollitas de reemplazo de
gallinas ponedoras White Leghorn, con edad entre 1 y
18 semanas, no afecta el comportamiento productivo ni
la salud; por ello se recomienda utilizar hasta ese nivel
en las dietas de esa categoria de aves.
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Influence of shade on productivity and nutritional value of
Urochloa decumbens in silvopastoral systems using different spatial
arrangements of eucalyptus cultivars
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Abstract

This study evaluated pasture productivity and nutritional characteristics of Urochloa decumbens in silvopastoral
systems (SPS) with different eucalyptus cultivars and spatial arrangements providing differing levels of shade. SPS were
arranged to provide 46 % shade (eucalyptus trees arranged in 2 double rows 2 m apart, with trees every 3 m in each row,
and 20 m between double rows), 60 % shade (eucalyptus trees arranged in 2 double rows 2 m apart, with trees every 2
m in each row in double rows and 9 m between double rows) and 57 % shade (eucalyptus trees arranged in a single row,
with trees every 2 m in the row and 9 m between rows) using eucalyptus cultivars ‘GG100’, ‘1144’ or “VMS58’. Two full
sun pastures treated as managed (soil pH correction and N, P and K fertilizer application) or non-managed (no correction
or fertilizer application) were evaluated in addition to the 3 SPS arrangements. Photosynthetically active radiation
(PAR) was 1,439 umol/m?/s in full sun compared with a mean of 715 pmol/m?/s under different SPS arrangements. Leaf
area index of U. decumbens was 28 % higher in 46 % shade and lower in all shade arrangements compared with full
sun managed pasture. The dry matter yield was 58 % lower in 46 % shade and 86 % lower in 60 % shade compared
with full sun managed pasture. The crude protein content in SPS pastures was higher than in the full sun pastures, with
higher values in 57 % and 60 % shade. SPS significantly reduced the PAR and forage yield. These results indicate that
in systems where the main objective is animal production, spacing between tree rows greater than 20 m should be used
to provide sufficient high-quality grass.

Keywords: Chemical composition, integrated systems, integration of livestock-forest plantations, tropical grasslands.
Resumen

Este estudio evalu6 la produccion y las caracteristicas nutricionales del pasto Urochloa decumbens en sistemas
silvopastoriles (SSP) con diferentes variedades de eucalipto y diferentes arreglos espaciales que brindan diferentes
niveles de sombra. Los SSP evaluados fueron establecidos para dar sombra mas leve (eucaliptos dispuestos en hileras
dobles separadas por 2 m, con arboles a cada 3 m en cada hilera y 20 m entre hileras dobles — 46 % sombreado),
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sombra mas densa (eucaliptos dispuestos en hileras dobles separadas por 2 m, con arboles a cada 2 m en cada hilera y
9 m entre hileras dobles - 60 % sombreado) y sombra intermedia (eucaliptos dispuestos en una sola hilera, con arboles
cada 2 m por hilera y 9 m entre hileras - 57 % sombreado) usando cultivares de eucalipto ‘GG100°, ‘1144’ o0 “VMS5S".
Ademas de los 3 arreglos SSP, se evaluaron dos pastizales a pleno sol, um tratado con manejo (correccion del pH del
suelo y aplicacion de fertilizantes como N, P y K) y otro no manejado (sin correccion ni aplicacion de fertilizantes).
La radiacion fotosintéticamente activa (PAR) fue de 1,439 umol/m?/s a pleno sol en comparacion con una media de
715 pmol/m?/s bajo los SSP. El indice de area foliar de U. decumbens fue 28 % mas alto en sombra leve que en sombra
densa y mas bajo en todos los tipos de sombra en comparacion con los pastos manejados a pleno sol. El rendimiento de
materia seca fue 58 % mas bajo en 46 % de sombra y 86 % mas bajo en 60 % de sombra en comparacion con los pastos
manejados a pleno sol. El contenido de proteina cruda en los pastos en SSP fue mayor que en pastos a pleno sol, con los
valores mas altos para 57 y 60 % de sombra. Los SSP redujeron significativamente la PAR y el rendimiento de forraje.
Por lo tanto, en sistemas donde el objetivo principal es la produccion animal, se debe utilizar un espacio entre hileras de
arboles mayor a 20 m para proporcionar suficiente pasto de alta calidad.

Palabras clave: Composicion quimica, integracion ganaderia-plantaciones forestales, pastos tropicales, sistemas integrados.

Introduction

The large area of degraded pastures in Brazil is one of the
main factors reducing national agriculture sustainability,
with an estimated 70 % of pastures showing some degree
of degradation (Dias-Filho 2014). This is mainly due to
unsuitable stocking rates without maintenance of soil
fertility. Silvopastoral systems (SPS) provide a viable
option for recovery of degraded pastures to increase
production system profitability (Torres et al. 2017).

Spatial arrangement of trees in SPS can reduce
photosynthetically active radiation (PAR) reaching the
pasture canopy, generating changes in agronomic and
nutritional attributes (Santos et al. 2016; 2018). Forages
growing under moderate shading have compensatory
adaptive mechanisms, such as greater height, specific
leaf area and photosynthetic efficiency, which allow
the plant to maintain performance (Gémez et al. 2012;
Gomes et al. 2020). However, in very dense shade,
forage productivity is reduced and can compromise
livestock production (Santos et al. 2018). Grasses grown
under lower PAR show changes in nutritional value,
mainly crude protein (CP) increase and fibrous fractions
reduction (Santos et al. 2016; Lima et al. 2019).

Eucalyptus (Eucalyptus species) is one of the main tree
species used in SPS in Brazilian tropical climates (Tonucci
et al. 2011), mainly intercropped with Urochloa grasses.
Trees canopy characteristics and spatial arrangement are the
main factors that determine PAR and pasture performance.
The objective of this study was to evaluate the productivity
and nutritional value of U. decumbens in SPS using different
eucalyptus cultivars and spatial arrangements to provide
different levels of shading to the pasture to determine the
best combinations of grass and eucalyptus trees.

Materials and Methods
Experimental area

The experiment was carried out in the Cerrado biome
at the Minas Gerais Agricultural Research Corporation
(Epamig), Prudente de Morais, Minas Gerais, Brazil
(19°27°15” S, 44°09°11”” W; 732 masl). The area has a
monsoon-influenced humid subtropical climate with hot
and rainy summers and dry winters (Alvares et al. 2013).
The climatological data during the experiment and the
last 30 years are shown in Figure 1. The soil is classified
as red ferralsols (WRB 2006). The experimental area
soil chemical characteristics at 0—20 and 20—40 cm
depths are shown in Table 1.

Experimental area history and treatments

A 10 ha pasture of U. decumbens planted in 1993 was
converted into an integrated crop-livestock-forest
system (ICLFS) in 2008. At conversion, ants were
controlled and the entire vegetation cover was removed
using 4 L of glycophosphate/ha [N-(phosphonomethyl)
glycine]. Dolomitic limestone was applied at 2,000 kg
limestone/ha to increase soil pH. The entire area was
plowed and harrowed and subsoiling carried out in the
eucalyptus planting rows. Reactive natural phosphate
was applied at 400 kg P/ha in the entire area.

The experimental area had a slope with different soil
fertilities. Therefore, the area was divided into 3 blocks
along the slope with similar fertility and similar altitude.
One replicate per treatment was randomly allocated to each
block. Eucalyptus cultivars ‘GG100°, 1144’ (E. grandis
E. urophylla) and ‘“VM 58’ (E. grandis % E. camaldulensis)
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Figure 1. Monthly rainfall (A) and average temperature (B) during the experimental period and last 30 years climatological data
in the experimental area. Source: National Institute of Meteorology (INMET).

were randomly allocated in each spatial arrangement to
each block. Eucalyptus trees were planted in an east-west
direction in 2008 when the ICLFS was established in 3
spatial arrangements to provide (A) 46 % shade with 434
trees/ha (2 double rows 2 m apart, with within row spacing
between trees of 3 m and 20 m between double rows), (B)
60 % shade with 909 trees/ha (trees in a double row with
trees every 2 m in each row and 9 m between double rows)
and (C) 57 % shade of 556 trees/ha (single row of eucalyptus
trees every 2 m in a row and 9 m between rows) (Figure 2).

Table 1. Experimental area soil chemical characteristics at
0—-20 and 20—40 cm depth.

Soildepth pH H+AlI Al Ca K P oM

(cm) Cmolc/dm? Mg/dm®  dag/kg
0-20 54 75 02 32 703 37 43
20-40 53 76 06 25 567 37 43

pH=pH inwatersuspensionatrateof 1:2.5; H+Al=sumofhydrogen
and aluminum obtained by extraction with Ca (OAc), 0.5 mol pH
7.0; Al=aluminum concentration obtained by extraction with KCI
1 mol/L; Ca=calcium concentration obtained by extraction with
KCl 1 mol/L; K=potassium concentration obtained by Mehlich
extraction technique; P=phosphorus concentration obtained by
Mehlich extraction technique; OM=organic matter obtained by
Walkley and Black method.

In the first 3 agricultural cycles (2009/2010, 2010/2011
and 2011/2012) maize (Zea mays) was grown intercropped
with U. decumbens cultivar ‘Basilisk’ between eucalyptus
tree rows. In the fourth agricultural cycle (2012/2013),
only U. decumbens cultivar ‘Basilisk’ pasture was
intercropped and the system was converted into SPS.

Two pastures of 1 ha each of U. decumbens planted in
1993 adjacent to the SPS were used as full sun controls.
One pasture received the same management from the
start of the experiment as the pasture used in SPS (soil
pH correction and N, P and K fertilizer application) and
the other did not receive any management (no soil pH
correction nor fertilizer application). Both pastures were
divided into 3 replicates. The total experimental area
was 12 ha, with 10 ha of SPS (3.33 ha for each spatial
arrangement with 1.11 ha for each replicate) and 2 ha of
pasture in full sun (0.33 ha for each replicate).

All managed and SPS pastures were fertilized
with 100 kg N/ha and 83 kg K/ha in the 2014/2015
agricultural cycle and 100 kg N/ha, 33 kg K/ha and
21.8 kg P/ha in the 2015/2016 agricultural cycle. All
fertilizers were applied in December, except for N,
which was divided into 2 applications, with the second
dose applied in March 2015 and 2016.
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Figure 2. Spacing schematic representation providing light shade (A); denser shade (B) and moderate shade (C) formed by eucalyptus
cultivars ‘GG100’, ‘1144’ and “VM 58’ in each of 3 blocks indicating areas used for forage sampling and photosynthetically active
radiation measurement.
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Photosynthetically active radiation

Incident photosynthetically active radiation (PAR) was
measured (pmol/m?/s) using the indirect method with
the SunScan Canopy Analysis System Probe type SS1
(Delta-T Devices Inc). The apparatus was positioned
approximately 1 m above the forage canopy parallel to
the ground and PAR measurements made on 25 May
2016 (autumn), 2 August 2016 (winter), 25 November
2016 (spring) and 21 February 2017 (summer) with cloud
absence certified. Measurements were made at 08:00,
11:00, 13:00 and 16:00 h and the average value was
considered as 1 replicate.

In open pastures, measurements were made above
the canopy at 3 random points in a homogeneous pasture
area and the average was considered the replicate. In
SPS, measurements were conducted above the forage
under the tree canopy and between the tree rows for each
eucalyptus cultivar in each replicate. Measurements
between rows were taken midway between the tree
rows at 4.5 m from the trees in 57 % and 60 % shade
treatments and at 10 m from the trees in the 46 % shade
treatment. Measurements were made at 3 points within
the plot at the selected distance from the trees and the
average was considered as a replicate.

Forage sampling

Leaf area index (LAI) was measured by the indirect
method with the SunScan Canopy Analysis System Probe
type SS1 (Delta-T Devices Inc) at 12:00 h on an uncloudy
day. LAI measurements were conducted at 2 positions
within SPS, under the eucalyptus tree canopy and in the
central area of the pasture between tree rows following
the procedure used for PAR. LAI was not evaluated in
winter due to low forage productivity during this period.
Pasture height in SPS and full sun plots was measured
weekly at 6 points within the sampling area for each
treatment and the average was considered the replicate.
Forage sampling was carried out in each replicate in
2013/2014 (cycle 1), 2014/2015 (cycle 2) and 2015/2016
(cycle 3), with 4 cuts in each cycle. Cuts were made
on 25 November 2013, 13 January 2014, 24 February
2014, 8 April 2014 (cycle 1); 18 December 2014, 23
January 2015, 13 April 2015, 10 June 2015 (cycle 2); 1
December 2015, 25 January 2016, 21 March 2016 and
24 May 2016 (cycle 3). Sampling in SPS arrangements
with 9 m between double rows was carried out in a
rectangular area of 1 x 3.5 m, starting 1 m away from
the tree trunk in the inner row and ending 4.5 m away.
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In the arrangement with 20 m between double rows
of trees, the rectangular sampling area was 1 X 9 m
starting 1 m away from the tree trunk in the inner row
and ending 10 m away. Sampling was performed on
both sides of the tree double rows (Figure 2) and the
average was considered for data analysis.

In full sun pastures, sampling was performed using a
1 m? metal quadrat, randomly placed at 4 points. Pastures
were cut at 15 cm from the ground in all treatments on
the same dates when pasture reached between 30 and
40 cm height in SPS. Pasture from each treatment was
harvested and weighed to determine green forage yield/
ha. Replicates from each treatment were homogenized
and a subsample collected and dried in a forced air
circulation oven at 55 °C, ground to 1 mm (Willey type
Mill) and used to determine the DM content at 105 °C
(AOAC 1995). The average green forage yield (kg/m)
and DM were used to calculate total DM yield (kg/ha)
in SPS and full sun.

Subsamples of forage collected during the main
growing season on 13 January 2014 (cycle 1), 23
January 2015 (cycle 2) and 25 January 2016 (cycle 3)
were separated into leaf (lamina and sheath), stem,
inflorescence and dead material fractions. These
fractions were weighed and DM content determined
separately for each as described above (AOAC 1995).

After measurements were taken from random points,
the SPS and full sun pastures were grazed by crossbred
cattle at a stocking rate of 2 livestock units/ha until
the average residual height reached 15 cm. For the first
cycle (2013/2014), productivity was not measured due
to lack of forage yield at the first cut and only plant
fractions percentage (leaf, stem, dead material and
inflorescence) were measured.

Pasture nutritional characteristics

Dried whole plant, leaf and stem samples collected for
plant fraction analysis were used to determine DM,
organic matter (OM), ash, CP and ether extract (EE)
content according to AOAC (1995). Neutral detergent
fiber (NDF), acid detergent fiber (ADF) and acid
detergent lignin (ADL) were determined according
to Van Soest et al. (1991) in the Ankom fiber analyzer
(Ankom Technology, Macedon, NY).

Statistical analysis

All data were submitted to the Lilliefors and Bartlett tests
to verify distribution of normality and homoscedasticity,
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respectively. Data were analyzed in random blocks
with split-split-plot arrangement with 3 replicates per
treatment. For PAR and LAI, spatial arrangement was
considered as plot, sampling site within arrangement or
eucalyptus cultivar as subplot and season as sub-subplot.
For analysis of plant height, dry matter yield (DMY') and
plant fractions, spatial arrangements were considered as
main plot, eucalyptus clones as subplots and agricultural
cycle as sub-subplot (2013/2014,2014/2015 and 2015/2016
for plant fractions, and 2014/2015 and 2015/2016 for
pasture productivity and height, respectively). Subplots
(eucalyptus cultivar) were averaged within the respective
plot (spatial arrangement) to evaluate season effects. The
value obtained was considered as representative of the
spatial arrangement. This procedure was used due to a
priori statistical analysis indicating absence of significant
effects of eucalyptus cultivars on canopy height and dry
matter yield of U. decumbens. DMY and canopy height
data were also analyzed with spatial arrangement as
plot, agricultural cycle as subplot and cut as sub-subplot.

For nutritional value variables, spatial arrangement
was considered as plot, eucalyptus cultivar as subplot and
agricultural cycle (averaged over seasonal cuts) as sub-
subplot. To determine cutting season effect, data were
analyzed with arrangement as plot, agricultural cycle
as subplot and cut as sub-subplot. Analysis of variance
was performed and the Student-Newman-Keuls test
(SNK) at 5 % probability of error was used to compare
treatment means in SPS. Orthogonal contrasts analysis
was performed between SPS spatial arrangements and

full sun managed and non-managed pastures (Table 2)
with weighting according to Satherthwaite using Fisher's
test (P<0.05). All analyzes were performed using the R
Core Team (2019) software.

Results
Photosynthetically active radiation

Season x SPS interaction significantly (P<0.001) affected
PAR. The greatest reduction was observed in summer,
with a 62 % lower PAR in SPS (Figure 3). In all treatments,
PAR was higher in spring and lower in autumn (1,830 vs.
1,084 umol/m?*/s in full sun and 1,053 vs. 481 umol/m?/s
in the SPS), with reductions of 41 % and 54 %.

Within SPS, the interaction season x spatial arrangement
had significant effect (P<0.003) on PAR (Table 3). PAR
was 26 % higher in the spring (1,264 vs. 931 pmol/m?*/s)
and 36 % higher in the summer (830 vs. 534 pmol/m?*/s)
in lighter shade compared with denser shade. In all spatial
arrangements the highest PAR was observed in the spring.

PAR had significant interaction effects between
the location in SPS and spatial arrangement (P=0.01)
(Table 3). In the arrangement providing denser shade,
PAR was 33 % higher between the rows compared with
under the tree canopy (1,003 vs. 676 pmol/m?%s). PAR
showed no significant difference under the tree canopy
in all treatments. PAR was 24 % higher (P<0.002) using
cultivars ‘GG100’ (769 pmol/m?/s) and ‘VMS58’ (764
umol/m?/s) compared with cultivar ‘1144’ (618 umol/m?/s).

Table 2. Orthogonal contrasts for comparison between the SPS level of shade and full sun managed and non-managed pastures.

Level of shade Eucalyptus Cultivar Contrast coefficients

Cl1 C2 C3 C4 C5 C6

GG100 -1 0 0 -1 0 0

46 % shaded 1144 -1 0 0 -1 0 0

VM58 -1 0 0 -1 0 0

GG100 0 -1 0 0 -1 0

60 % shaded 1144 0 -1 0 0 -1 0

VM58 0 -1 0 0 -1 0

GG100 0 0 -1 0 0 -1

57 % shaded 1144 0 0 -1 0 0 -1

VM58 0 0 -1 0 0 -1

Full sun managed pasture 3 3 3 0 0 0
Full sun non-managed pasture 0 0 0 3 3 3

Cl=comparison between systems with 46 % shade and full sun managed pasture; C2=comparison between systems with 60 % shade
and full sun managed pasture; C3=comparison between systems with 57 % shade and full sun managed pasture; C4=comparison
between systems with 46 % shade and full sun non-managed pasture; CS=comparison between systems with 60 % shade and full
sun non-managed pasture; C6=comparison between systems with 57 % shade and full sun non-managed pasture.
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Figure 3. Incident photosynthetically active radiation (umol/m?%s) in Urochloa decumbens forage canopy in full sun and
silvopastoral system (averaged over cultivars and level of shade). Means followed by different letters, lowercase for season effect
within the system and uppercase for system effect within the season, differ by the SNK test. SEM=0.015; P-value<0.001.

Table 3. Photosynthetically active radiation in Urochloa decumbens forage canopy in SPS with different Eucalyptus cultivars and

level of shade according to the season and sampling location.

Level of shade SEM P-value
46 % shade 60 % shade 57 % shade
Photosynthetically active radiation with season (pmol/m?/s)
Autumn 533aC 479aB 462aB
Winter 736aB 666aB 666aB
Spring 1,264aA 931bA 964bA 4.2 0.003
Summer 830aB 534bB 540bB
Photosynthetically active radiation with location in the system (umol/m?/s)
Under tree canopy 676aB 617aA 634aA 19.5 0.010
Between tree rows 1,003aA 638bA 632bA ) )

Means followed by different letters, lowercase in row and uppercase in column, differ by the SNK test.

Forage sampling

Spatial arrangement, season and cultivar as single
effects had significant influence on LAI (P<0.05)
(Table 4). U. decumbens LAI was 58 % higher (0.83 vs.
0.35) in the summer compared with autumn and spring.
U. decumbens LAl in SPS with cultivar ‘1144’ (0.40) was
29 % lower compared with other eucalyptus cultivars
(0.56). LAI was 28 % higher in the spatial arrangement
providing lighter shade compared with that causing
denser shade.

In open pastures, LAl was 0.86 on managed pasture
and 0.61 on non-managed pasture. LAI was lower in all
SPS arrangements, mainly in the denser shade (50 %

reduction). In contrast to the non-managed pasture, LAI
was lower (P=0.03) only in the denser shade spatial
arrangement (30 % reduction) (Figure 4).

Average pasture canopy height in SPS was higher
(P<0.05) in 2015/2016 (39.8 cm) compared with
2014/2015 (35.8 cm) and higher in SPS arrangements
compared with full sun. The average pasture canopy
height in SPS did not vary with arrangement (P=0.254)
and eucalyptus cultivar (P=0.358). There was no
interaction effect between cut and shade (P=0.72) for
canopy height, although there was interaction between
agricultural cycle and cut for pasture canopy height in
SPS (P=0.017). In both periods, lower averages were
observed in the last 2 cuts (Table 5).

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775)




176  C.A. Santos dos, A.F. Oliveira de, E.D.S. Moreira, L.C. Gong¢alves, M.C.M. Viana, M.M.G. Neto andA.MQ. Lana

Table 4. Leaf area index of Urochloa decumbens in silvopastoral system with Eucalyptus cultivars in different levels of shade according

to season or location within SPS.

Level of shade SEM P-value Average
46 % shade 60 % shade 57 % shade
Season
Autumn (2016) 0.38 0.22 0.32 0.31B
Spring (2016) 0.51 0.25 0.39 0.07 0.73 0.38B
Summer (2017) 0.86 0.79 0.82 0.83A
Location in the SPS System
Under tree canopy 0.57 0.43 0.52 0.51A
Between tree rows 0.60 0.41 0.50 0.04 0.11 0.50A
Average 0.58a 0.42b 0.51ab
Means followed by different letters, lowercase in row and uppercase in column, differ by the SNK test.
0.5 1
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Figure 4. Contrasts estimate between full sun managed or non-managed pastures and level of shade for Urochloa decumbens leaf
area index in silvopastoral system. The bar values indicate the difference between the means of full sun and SPS pastures and the

P value is from Fisher's test.

Table 5. Canopy pasture height (cm) of Urochloa decumbens in
silvopastoral system under Eucalyptus cultivars in the 2014/2015
and 2015/2016 agricultural cycles.

Agricultural Cuts SEM P-value
cycles 1 2 3 4
2014/2015  35.5abA 36.5aB 39.6aA 31.5bA 121 0017

2015/2016  39.1bA 45.4aA 41.5bA 33.2cA
Means followed by different letters, lowercase on the line and
uppercase on the column, differ by the SNK test.

The plant leaf percentage showed significant
interaction between spatial arrangement and agricultural
cycle (P<0.05). Leaf percentage was 24 % (34 vs. 45 %)
lower in lighter shade in the 2015/2016 agricultural
cycle compared with the moderate shade arrangement
(Table 6). In all systems, highest leaf percentage was
observed in the 2014/2015 agricultural cycle. Stem and
inflorescence percentage did not differ between spatial
arrangements. Plant dead material percentage was 52 %

higher (P<0.05) in lighter shade compared with that
under spatial arrangements with 9 meters between rows
(12 vs. 8 %) (Table 7).

Leaf percentage in managed and non-managed open
pasture was 44 % and 39 % of total grass biomass,
respectively. Contrast analysis showed that non-
managed pasture had 15 % lower leaf percentage than
pastures in SPS with 9 meters between tree rows (39 vs.
46 %). Dead material percentage was 1.12 times lower
in SPS with 9 meters between tree rows (16 vs. 8 %)
compared with full sun managed pasture and 1.68 times
lower in SPS pastures (24 vs. 9 %) compared with full
sun non-managed pasture (Table 8). Stem percentage
was 40 % in full sun managed pasture and 36 % of total
grass biomass in full sun non-managed pasture. Full sun
pasture stem percentage was 16 % lower in managed
pastures compared with those in SPS (38 vs. 44 %) and
24 % lower in non-managed pastures (36 vs. 44.0 %).
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Table 6. Leaf percentage in Urochloa decumbens in silvopastoral system with different levels of shade in the agricultural cycles of
2013/2014, 2014/2015 and 2015/2016.

Agricultural cycles Level of shade SEM P-value
46 % shade 60 % shade 57 % shade

2013/2014 40.9aB 40.7aB 42.7aB

2014/2015 49.3aA 50.1aA 50.0aA 1.38 0.021

2015/2016 34.16C 44.8aAB 44.6aAB

Means followed by different letters, lowercase in row and uppercase in column, differ by the SNK test.

Table 7. Stem, dead material and inflorescence percentage (DM basis) of Urochloa decumbens in silvopastoral system under
Eucalyptus and varying levels of shade.

Parameter Level of shade SEM P-value
46 % shade 60 % shade 57 % shade

% of stem 441 43.8 44.1 1.08 0.973

% os dead material 11.7a 8.23b 7.21b 0.20 0.021

% of inflorescence 3.03 2.53 2.84 0.09 0.918

Means followed by different letters differ by the SNK test (P<0.05).

Table 8. Leaf and dead material percentages (DM basis) of Urochloa decumbens grown in silvopastoral systems with differing
eucalyptus level of shade and full sun managed and non-managed pastures.

Parameter Level of shade Managed pasture Non-managed pasture
Estimate P-value Estimate P-value
46 % shade 2.28 0.249 271 0.174
% of leaf 60 % shade -1.43 0.466 -6.52 0.003
57 % shade -2.02 0.305 -7.01 0.001
46 % shade 473 0.202 12.6 0.001
% of dead material 60 % shade 8.20 0.009 16.0 <0.001
57 % shade 9.22 0.004 17.1 <0.001

The estimate values indicate the difference between the means of full sun and SPS pastures.

U. decumbens annual DMY under SPS was 1.87 and 1.11
times higher in the lighter shade compared with moderate
and denser shade (Figure 5B). DMY was 77 % higher in the
2015/2016 cycle compared with the 2014/2015 cycle. There
was no interaction effect between cuts and agricultural
cycles (P=0.28) on DMY. DMY was 62 % higher in the last
2 cuts compared with the first 2 cuts (Figure 5C).

DMY in managed full sun pasture was 10,248 kg DM/
ha and in non-managed full sun pasture was 8,476 kg DM/
ha. DMY reduced 59 % in SPS under lighter shade, 86 % in
SPS under denser shade and 81 % in SPS under moderate
shade compared with the full sun managed pasture. In full
sun non-managed pasture, the reduction was 50 % in SPS
with lighter shade, 83 % in SPS with denser shade and
76 % in SPS with moderate shade (Table 9).

Pasture nutritional characteristics

Whole plant DM, OM, ash, EE and ADL contents of
the grass did not differ among the spatial arrangements
(P>0.05) (Table 10). CP content was 11 % lower (P<0.05)
in the arrangement with lighter shade (105 g CP/kg)

compared with the other arrangements (118 g CP/kg).
NDF was 2 % higher and ADF was 3 % higher in lighter
shade compared with other SPS arrangements.

DM content was similar only between full sun
managed pasture and SPS with 20 m between rows
(P>0.05). In all other shade arrangements, lower (P<0.05)
DM content was observed in SPS pasture compared with
full sun pastures, with greater reductions in denser shade
in SPS (Table 11). CP content was 21 % higher (P<0.05)
in SPS with 20 m between rows (105 vs. 87.3 g CP/kg)
and 36 % higher in SPS with 9 m between rows (118 vs.
87.3 g CP/kg) compared with full sun managed pasture.
Compared with non-managed pasture, CP content was
56 % higher (P<0.05) in the SPS with 20 m between
rows (105 vs. 67.8 g CP/kg) and 75 % higher in SPS with
9 m between rows (118 vs. 67.8 g CP/kg).

NDF content was 4 % higher (P<0.05) in the full sun
managed pasture compared with SPS with 9 m between
rows (Table 11). NDF content was 4 % lower in the 20
m between rows arrangement and 6 % lower in the 9 m
between rows arrangement compared with full sun non-
managed pasture.
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Figure 5. Urochloa decumbens annual dry matter yield (kg/ha) in SPS according to the agricultural cycle (A) (SEM=53.4), spatial
arrangement (B) (SEM=65.4) and cut (C) (SEM=75.5). Means followed by different letters differ by the SNK test (P<0.05).

Table 9. Contrasts estimate between dry matter yield and canopy height in full sun managed and non-managed pasture and silvopastoral
systems with different eucalyptus levels of shade.

Parameter Level of shade Managed pasture Non-managed pasture

Estimate P-value Estimate P-value

Dry matter yield 46 % shade 6,007 <0.001 4,235 <0.001
(kg DM/ha) 60 % shade 8,776 <0.001 7,004 <0.001
57 % shade 8,244 <0.001 6,472 <0.001

Canopy height 46 % shade -2.40 0.020 -4.20 0.050

(cm) 60 % shade -4.60 0.050 -3.50 0.011

57 % shade -2.10 0.033 -1.00 0.045

The estimate values indicate the difference between the means of full sun and SPS pastures.

Table 10. Whole plant nutritional values (DM basis) of Urochloa decumbens in silvopastoral system with different tree levels of shade
and agricultural cycles.

Parameter Level of shade SEM P-value
46 % shade 60 % shade 57 % shade
Dry matter (g/kg) 259 245 242 3.90 0.111
Organic matter (g/kg) 920 916 914 1.30 0.054
Ash (g/kg) 79.0 84.0 85.4 1.30 0.054
Ether extract (g/kg) 15.3 174 16.5 0.60 0.245
Crude protein (g/kg) 105b 118a 118a 0.40 <0.001
NDF (g/kg) 698a 683b 683b 2.60 0.025
ADF (g/kg) 369a 359 360b 2.70 0.011
ADL (g/kg) 44.5 41.5 43.6 0.60 0.065
Agricultural cycle
2013/2014 2014/2015 2015/2016

Dry matter (g/kg) 275a 214c 257b 2.70 <0.001
Organic matter (g/kg) 920a 910b 92.0a 0.80 <0.001
Ash (g/kg) 79.3b 89.2a 80.0b 0.80 <0.001
Ether extract (g/kg) 15.1b 16.6ab 17.5a 1.60 <0.001
Crude protein (g/kg) 109b 125a 108b 1.60 <0.001
NDF (g/kg) 688b 671c 704a 2.80 <0.001
ADF (g/kg) 362b 348c 378a 2.30 <0.001
ADL (g/kg) 35.2¢ 41.9b 52.5a 0.80 <0.001

NDF=neutral detergent fiber; ADF=acid detergent fiber; ADL=acid detergent lignin. Means followed by different letters in the
same row differ according to the SNK test.
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Table 11. Contrast estimates for whole plant nutritive value between full sun pastures (managed and non-managed) and the different SPS

level of shade.

Level of shade DM Ash EE CP NDF ADF ADL
Managed pasture for whole plant nutritive value
46 % shade 0.23ns -0.34ns 0.17ns =177 1.60ns 0.86ns 0.28ns
60 % shade 1.61%* -0.84%* -0.04ns -3.16%** 3.09%** 1.87%* 0.58**
57 % shade 1.98%* -0.98** 0.05ns -3 15k 3.02%%* 1.76** 0.37ns
Non-managed pasture for whole plant nutritive value
46 % shade 4.62%* -0.58** -0.08ns -3.76%* 2.85%* 1.32ns 0.11ns
60 % shade 6.00%* -1.08** -0.29** S5k 4.34%%* 2.33%* 0.41ns
57 % shade 6.37** -1.22%* -0.2ns -5.10%** 4.27*** 2.22%* 0.20ns

DM=dry matter; EE=ether extract; CP=crude protein, NDF=neutral detergent fiber; ADF=acid detergent fiber; ADL=acid
detergent lignin; ns=not significant; *=significant at 10 % level; **=significant at 5 % level; ***=significant at 1 % level by Fisher's
test. The estimate values indicate the difference between the means of full sun and SPS pastures.

Discussion

PAR reduction of 50 % in all SPS compared with open
pastures was expected as reported by Pontes et al. (2018)
in SPS with 238 trees/ha and by Geremia et al. (2018) in
SPS with 714 trees/ha, both with trees planted in an east-
west direction. However, more intense reductions were
found by Santos et al. (2016) in SPS with trees planted
in a north-south direction. Although tree planting in SPS
is best in an east-west direction to reduce shading, in
sloping regions planting must be perpendicular to the
slope to avoid soil losses due to erosion.

PAR reductions in SPS significantly reduced forage
productivity in this study and was also observed by
Paula et al. (2013) and Oliveira et al. (2015), but effects
on pasture characteristics were not substantial. Pasture
yield reduction is the main disadvantage of SPS with
high tree density (Santos et al. 2018). In SPS with lower
tree densities, reduction in DMY can be compensated
by forage nutritional value improvement (Oliveira et
al. 2022). Shade provides additional benefits for animal
welfare (Giro et al. 2019) and trees also generate income,
which can compensate for the reduction in pasture
productivity in SPS (Miiller et al. 2011). Pezzopane et
al. (2019) observed higher PAR at 8.5 m from the tree
compared with under the tree canopy and increased PAR
20 m away from the trees can increase photosynthetic
rate (Goémez et al. 2012; Paciullo et al. 2016) and pasture
yield, indicating that more widely spaced arrangements
help to prevent productivity losses in SPS.

LAI is an indirect indicator of pasture productive
capacity and pastures planted under shade have more
tillers and leaves (Paciullo et al. 2016). Results from this
study showed that pastures grown in SPS had significant
LAI reductions compared with full sun managed pastures.
U. decumbens is a semi-erect plant and LAl may be
overestimated due to light interception by tillers. Pastures

of Brachiaria brizantha cultivar ‘Piatd’ under the clone
H13 (Eucalyptus urophilla x Eucalyptus grandis) in SPS
developed more stem than in full-sun with a 7.2 % reduction
in leaves and increase of 6.5 % in the stems (Geremia et al.
2018). Plants growing under shade tend to etiolate, therefore,
there may have been less influence of stems on LAI in
SPS. Increasing plant height in grass can compensate for
reduction in radiation caused by trees (Paciullo et al. 2016).
Reduction in LAI under shade in SPS pastures was also
observed by Santos et al. (2016), Gémez et al. (2012) and
Oliveira et al. (2022). These results are explained by the
lower photosynthetic rate in plants growing under shade
(Gomez et al. 2012), with consequent lower plant growth.
Reductions in plant population in SPS (Paciullo et al. 2016;
Gomes et al. 2020) could also explain LAI reduction in
denser shade. However, in the study of Gomes et al. (2020),
who used distance between groves of 30 m, there was no
decrease in leaf productivity between pastures in full sun
and under shade, indicating that the spacing used in the
present study was too dense and wider spacing should be
used to reduce effects of reductions in LAL

Plants growing under shade may develop compensatory
mechanisms to maintain their photosynthetic level,
including increasing leaf area (Santos et al. 2016; Gomes et
al. 2020), changing shoot/root ratio, increasing chlorophyll
b concentrations in leaves and establishing a low light
compensation point (Gomez et al. 2012; Guenni et al.
2018). In addition, plants with C4 metabolism, such as U.
decumbens, have high photosynthetic rates due to lower
photorespiration rates even at low light conditions, which
results in lower light compensation points. Plants also store
carbon in cells in the malic and aspartic acid form, which
improve the maintenance of cellular metabolism even when
facing light restriction periods (Bjorkman and Berry 1973).

In some tropical regions, pasture-based animal
production is maximized in summer by higher
light, temperature and water availability. With the
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increase in water availability, eucalyptus leaf area
and light interception increases (Stape et al. 2010),
intensifying understory shading in denser SPS, reducing
photosynthesis and resulting in reduced biomass
production. FEucalyptus cultivars differ in canopy
morphology and structure affecting PAR, indicating that
the choice of cultivar can be an efficient strategy to reduce
shading in SPS. PAR intensities in the pastures differed
under different tree cultivars but were not sufficient
to affect pasture yields, probably because of similar
dendrological characteristics among the tree cultivars.
LAI of U. decumbens under eucalyptus cultivar ‘1144
was lower than for other cultivars. Tree aerial structure
was not evaluated in the present study, but it suggests
that this cultivar had a larger canopy density or diameter,
which reduced PAR and LAIL Oliveira et al. (2015)
reported variation of LAl in U. brizantha pasture with
5 eucalyptus cultivars. This result suggests it is better to
choose cultivars with less robust aerial parts to reduce
the impact of shade on pasture development.

Plants in SPS remain in younger ontogenic stages
compared with full sun pasture (Paciullo et al. 2016),
which explains the greater dead material percentage
in full sun pasture. Since plants were harvested when
pastures in SPS reached between 30 and 40 cm, full sun
pastures, which were growing faster, had already reached
a more advanced development stage with a greater
proportion of dead material. These changes in pasture
structural composition have direct impact on grazing
dynamics. Geremia et al. (2018) showed that pasture in
SPS has higher stem and lower leaf fraction in higher
strata, resulting in a reduction in bite size and increase in
bite rate, which can affect animal performance (Mezzalira
et al. 2014; Oliveira et al. 2022).

Reduction in DMY in SPS compared with full sun
pastures was also observed by Gomez et al. (2012) in U.
decumbens and by Santos et al. (2016) and Geremia et
al. (2018) in U. brizantha cultivar ‘Piatd’. This reduction
can be attributed to lower PAR resulting in lower plant
photosynthesis rate (Gomez et al. 2012) under higher
tree density in SPS and could also have a negative effect
on profitability of livestock enterprises. Non-managed
pasture yield was higher than SPS pasture yield, indicating
low fertilizer use efficiency by forage plants under shade.
Although U. decumbens in SPS showed lower forage
yields, CP content was higher than in open pastures as
previously reported by Paciullo et al. (2016), Santos et al.
(2018) and Gomes et al. (2020). These increases in CP
contents in shaded pastures are linked to increase in soil
N content due to litter (Chatterjee et al. 2018) and lower

nitrogen use efficiency. In addition, delay in the ontogenic
development in shaded areas keeps the plants younger
physiologically, which maintains the high cell metabolic
rate and lower fiber accumulation (Paciullo et al. 2016).
This may suggest that grass continues to accumulate N
in tissues, rather than increasing yield, and indicates the
need for further studies on fertilizer management in SPS
with the aim of increasing nutrient use efficiency.

CP increase is a positive aspect and may improve
individual animal performance in SPS. However, due to
high DMY reduction, CP yields are also reduced, which
can reduce pasture stocking rate and SPS productivity
and profitability. NDF and ADF contents were lower
in SPS pasture. Paciullo et al. (2016) also observed a
reduction in NDF in a tropical forage from 652 g/kg in
full sun to 642 g/kg with 58 % shade. These lower fiber
contents are important because they allow higher intake
(Van Soest 1994), which may improve individual animal
performance. The difference in fibrous fractions was not
found in other studies (Santos et al. 2018). Plants growing
in SPS have higher stem percentage, which increases
fibrous fractions. Delayed ontogenic development and
reduction in cell wall thickness can also reduce fiber
contents (Deinum et al. 1996). Gomez et al. (2012)
reported that leaves growing under low light incidence
have less supporting tissue and fewer mesophilic cells
per unit area, which can result in thinner leaves with
lower fiber content.

Conclusions

SPS with 9 and 20 m between tree rows significantly
reduces U. decumbens performance. All eucalyptus
cultivars used affected PAR, however, there was no
effect of eucalyptus cultivar on pasture productivity.
In systems that prioritize animal production, spacings
between rows greater than 20 m should be used to
avoid pasture yield reduction. In experiments that aim
to evaluate the effect of trees on SPS, it is necessary to
previously evaluate potential variation in transmitted
PAR among tree genotypes.
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