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MITIGATING THE NUTRITIONAL LIMITATIONS TO ANIMAL PRODUCTION
FROM TROPICAL PASTURES: A REVIEW

M.P. Hughes', P.G.A. Jennings? V. Mlambo® and C.H.O. Lallo*. "Department of Food
Production, University of the West Indies, St. Augustine, Trinidad and Tobago.
2MARJEN Consulting Group, Spanish Town, Jamaica. *Department of Animal Science,
North-West University, Mafikeng, South Africa. 4Open Tropical Forage-Animal
Production Laboratory, Department of Food Production, University of the West Indies,
St. Augustine, Trinidad and Tobago

ABSTRACT: Pasture represents the cheapest, most abundant and available feed
resource for ruminant animals in the tropics. However, because of high variability in
chemical composition and sward morphology due to seasonality, species/ pasture
types, environment and management factors which resulted in low intake and inefficient
utilization, tropical pastures are usually insufficient, as a sole feed to sustain high levels
of production. On the other hand, the inability of farmers to exploit the growth advantage
and high dry matter produced by tropical pasture species by adopting and using the
available technologies have contributed significantly to the low productivity from tropical
pastures. It is an accepted fact that optimizing herbage dry matter intake at pasture is
the single most important factor limiting production from tropical pastures. Cognizant of
this limitation researchers have endeavored to find solutions to optimize herbage intake
and improve utilization efficiency while exploiting the proven advantages of tropical
pastures. To this effect, several strategies have been successfully identified inclusive of;
preferred grazing, optimizing carrying capacity and stocking rate, mixed specie grazing,
semi and or zero grazing, improving sward state to enhance grazing efficiency,
concentrate supplementation, grass/legume pasture association, forage conservation
and synchronizing animal type/breed with the available feed resources. Importantly, the
success of any tropical pasture-based production systems is heavily dependent on
optimum management and integration of several of these strategies as part of their
production practice. The inability of producers to make informed and timely decision
regarding the nutritive value and sward characteristics prior to grazing has been cited as
additional constraints. This review aims to examine the distinct characteristics of tropical
pasture species and their effects on animal production, in addition to highlighting and
discussing management strategies to offset likely feeding limitations and improve the
utilization and grazing efficiency of tropical pastures.

Keywords: nutritive value, tropical pastures, animal production, utilization efficiency
Introduction

Ruminant production systems have, historically, contributed significantly to the
consumption of animal protein as well as to the economies of tropical developing
countries. The current instability in grain markets and the attendant spiraling cost of
concentrated feeds suggest a dire need for greater reliance on available feed
recourses, particularly in non-grain producing countries. Freshly grazed or conserved
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forages represent approximately 75% of the diet consumed by most domestic ruminants
(Chesson, 2000). In the tropical regions, grazed pastures are the most abundant and
economical feed resource available to the ruminant farmer (Soder et al., 2009). This
underscores the importance of tropical grazed pastures towards improving the
competitiveness and production of animal protein for human consumption, hence the
significance of optimally exploiting this resource. Miller et al. (2003) reported that feed
including imported concentrate represents approximately 40% of the variable cost to
produce milk on Jamaican farms. It is only logical to think that improving the contribution
of tropical pastures to milk production will significantly enhance the competitiveness of
the tropical pasture-based production systems. To this effect, Miller et al. (2003) further
suggested that pasture can be produced at 1/30t (dry matter equivalent) the cost of
concentrate feed. Dillon et al. (2006) showed a strong relationship (R2 = 0.78) between
the proportion of grazed pasture in the diet of dairy cows and the cost of milk production
from data obtained from both temperate and tropical countries. It is interesting to note
that Australia and New Zealand —two countries which employ predominantly year-round
grazing systems— enjoyed the lowest cost of production, rendering them more
competitive than the European Union and North America, countries in which animals
are confined for substantial periods of the year and offered conserved fodder in
conjunction with high levels of concentrate feeds. The relationship shows that for every
10% increase in grazed grass in the dairy-cow diet, cost per litre of milk declines by 2.5
cents. It becomes clear that optimizing intake and efficiency of utilization must be the
principal objective of tropical pasture-based production systems to sustainably address
the ensuing challenge of efficiently and economically feeding ruminant animals.

Pasture quality has long been regarded as a function of intake (Poppi et al., 2000) and
the level of production obtained. Many authors including, Allen (1996) studied and
reviewed (Decruyenaere et al., 2009) the factors affecting these processes. Probably
the most important feature of tropical pasture species is the tremendous growth
potential and hence potential carrying capacity (Jennings, 2002).

A major characteristic of tropical pastures is a marked seasonal fluctuation in energy,
nutritive value and quantity, thus restricting nutrient intake for large parts of the year
(Hughes et al., 2012). This presents farmers with a major challenge to provide pasture
of adequate quality and quantity on a year round basis. This has frequently resulted in
seasonal fluctuations in production; as weight gained during the wet season is lost
during the drier months of the year (Paterson et al., 1992). In addition to seasonal
variations, maturity is arguably the single factor with the largest influence on pasture
quality. Advancement in pasture maturity is associated with increased proportion of
structural carbohydrates and reduced crude protein concentration (Enoh et al., 2005)
which negatively affects digestibility and intake (Allen, 1996). Therefore, efficient
utilization of tropical pastures requires the adoption of a more holistic production model
capable of exploiting the growth potential and yield advantage of tropical pasture
species and maximizing herbage intake while sustaining a greater quantity of higher-
quality herbage throughout the year. On the other hand, the physical state of the
pasture offered for grazing must be considered. It has been suggested that the state of
the sward presented for grazing may have a greater influence on intake than nutritive
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value per se. (da Silveira et al., 2013; de Carvalho et al., 2013; da Silva et al., 2013).
This provides a possible justification for the low levels of milk production (<
15L/day/cow) of milk production on Jamaican dairy farms despite relatively high nutrient
value (IVOMD, ME and CP above 600 g/kg, 8.5 MJ/kg DM and >140 g/kg, respectively)
of grazable pasture herbage (Hughes et al., 2012). The challenge, therefore, now is
how to optimize sward state to facilitate this. The situation is further compounded by the
absence of instantaneous diagnostic tools to determine nutritive profile and sward state.
The existing methods are dependent on invasive methods and laboratory assays that
are very costly to undertake and time consuming. This suggests a critical need for
accurate, easy-to-use and affordable techniques which provide results instantaneous to
assist farmers in their day-to-day management. The objective of this review is to
examine the distinct characteristics of tropical pasture species and their effects on
animal production; in addition to highlighting and discussing management strategies to
offset likely feeding limitations and improve the utilization efficiency of tropical pastures.

Characterizing Tropical Pastures

Photosynthetic efficiency

There are many biological characteristics which distinguish tropical and temperate
pastures species. However, the C4 (four-carbon organic acid) photosynthetic pathway of
tropical grasses stands out as perhaps one of the most distinctive features (Figure 2).
This bio-chemical characteristic provides for more efficient use of sunlight, water and
nutrients, but leads to a high content of structural carbohydrates which can negatively
impacts intake and digestibility (Jung and Allen, 1995). The higher rate of
photosynthesis and the increased radiation intensity in the tropics enables tropical
pasture species to enjoy significantly higher growth rate and productivity compared to
temperate grasses (Enoh et al., 2005).
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Figure 3. Schematic diagram of C3 and C4 photosynthetic pathways (Lara and
Andreo, 2011).
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Characteristics of Tropical Swards

Tropical pastures have been recognized by their high potential for dry matter (DM)
production but labeled as producing herbage of low nutritive and feeding value (Allen,
1996). This has generated the widespread mis-perception that tropical pastures are not
capable of supporting medium to high levels of animal performance and productivity (da
Silva et al.,, 2009). Temperate pasture species can be approximately 13% more
digestible than tropical grasses (Minson and MC‘Leod, 1970). The high level of
indigestible fibre can contribute to lower daily intake of feed and consequently lowers
animal production (Stobbs, 1974).

Sward height, bulk density, spatial distribution, proportion pasture species and leaf-stem
(Sollenberger and Burns, 2001), total or green tissue herbage yield (Boval et al., 2007)
are some sward characteristics influencing grazing behavior. Bite mass is regarded as
the variable most sensitive to these pasture characteristics (Boval et al., 2007). There is
a close relationship between forage distribution and availability (Allison, 1985), leaf
proportion (Stobbs, 1975%), green leaf mass (Boval et al., 2007), sward density, canopy
height (Boval et al., 2007) and dry matter intake under rotational grazing. Tropical
swards exhibit distinct vertical heterogeneity in both chemical composition and physical
sward state (Sollenberger and Burns, 2001). Overall, the density of tropical swards is
lower than that of temperate swards thus affecting the potential bite size for prehension
(Sollenberger and Burns, 2001). Green leaf proportion and yield of the upper sward
canopy are usually are greater importance with tropical grasses. However in temperate
pastures, bite weight has a closer associated with sward height (Sollenberger and
Burns, 2001). This highlights the importance of developing methods to determine the
optimum sward condition necessary to achieve maximum herbage intake in tropical
pastures. The vertical and horizontal heterogeneity of tropical swards provides ample
justification for the lower level of intake observed from tropical pastures. Consequently,
biting rate and frequency are reduced because of additional time spent selecting leaf
over stem and dead material (Sollenberger and Burns, 2001) and moving from one
preferred location to another. The animal partly compensate for decreased biting rate by
increasing grazing time (Decruyenaere et al, 2009) resulting in more energy being
spent during the grazing process.

Factors Affecting the Nutritive Value of Tropical Pastures
Plant Factors

Genus

Grass genus has been found to have significant effects on nutritive value of tropical
pasture species (Filho et al., 2000; Arthington & Brown, 2005). In Brazil, Filho et al,,
(2000) studied the chemical composition and in-vitro organic matter digestibility kinetics
of Cynodon spp. (dactylon and plectostachyus), Brachiaria humidicola and Pennisetum
purpureum harvested at 10cm above ground after 100 days re-growth. Crude protein
concentration was lower, and organic matter (OM), neutral detergent fiber (NDF), acid
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detergent fiber (ADF) and acid detergent lignin (ADL) higher in the Cynodon genera
than in Brachiaria and Pennisetum genera. The Pennisetum genus recorded the highest
apparent organic matter digestibility while that of the other genera was comparable.

Differences between genera were also highlighted by Arthington and Brown (2005).
From their study, they found that CP concentration and IVOMD were higher, while NDF,
ADF and ADL concentrations were lower for Paspalum versus Hemarthria genus.

Species

It is important to note that grasses, even of the same species, grown in the same
environment and exposed to the same management show marked differences in
nutrient profile. Mislevy and Martin (1998) compared the crude protein (CP) content of
Cynodon nlemfuensis (African Star grass) and Cynodon dactylon (Bermuda grass) over
three consecutive years, at similar stages of growth, and found crude protein content to
be lower in nlemfuensis species. Similarly, Arthington and Brown (2005) found CP was
lower for African Star grass compared to Bermuda grass at four weeks re-growth over
two years. However, Bermuda grass (53.9%) had a superior in-vitro organic matter
digestibility (IVOMD) to Star grass (48.2%).

Grass versus legume

The proportions of structural carbohydrates are significantly lower in tropical leguminous
forages than grasses at comparable stages of maturity. Relative to grasses, legumes
contain a higher proportion of crude protein and are more digestible (Mtui et al., 2009).
For example, Ravhuhali et al. (2010) showed that buffel grass (Pennisetum ciliare) hay
was 15.5% less digestible than the average of hay from four cow pea (Vigna
unguiculata) varieties. The report of Mtui et al. (2009) is consistent with the generally
accepted knowledge of the superiority of legumes compared to pasture grasses with
reference to nutritive value. Although legume forages are of higher nutritive value than
grasses, their potential contribution to animal production in the tropics is underexploited
(Tobia et al., 2008) primarily because of the difficulty in managing grass/legume pasture
associations and their susceptibility to stand loss and slow recovery under poor
management and or unfavorable weather conditions.

Management Factors

Harvesting (cutting or grazing) Height

Vertical heterogeneity in the proportion and distribution of leaf and stem fractions affects
chemical composition and digestibility of herbage from different canopy layers (Newman
et al., 2003). The lower half of the grass sward is generally considered to contain more
fiber and lignin that would be less digestible than the upper portion. Hughes et al. (2012)
showed that whole grass samples contained on average 10%, higher NDF, ADF and
lignin and 36%, 27% and 26% lower crude protein, metabolizable energy, respectively,
and are 26% less digestibility, than samples harvested by hand plucking to simulate
grazing.
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Similarly, Newman et al. (2003) showed that the leaf percentage, leaf and stem crude
protein (129 — 123 g/kg and 50 — 40 g/kg leaf and stem CP, respectively, and in-vitro
organic matter digestibility were greater in the upper 25% strata of a Limpograss
(Hemarthria altissima) sward canopy compared to the next lower 50% of the canopy.
Leaf CP concentration was as much as three times greater than stem CP.

Stage of Maturity/Harvesting Frequency

The major changes occurring in pasture species are those that accompany maturation,
illustrated schematically in Figure 2. As pasture matures, the fiber fraction increases
resulting in higher levels of lignification, lower protein content (Enoh et al., 2005) and
non-structural carbohydrates. Brown and Mislevy (1988) suggested that on average,
crude protein content of tropical forages decreases below 9% after six weeks re-
growth. Because of the relationship between grass maturity, quality and chemical
composition, management regimes with more frequent harvests that remove forage at
less mature growth stages, often result in improved forage quality than regimes with
less frequent harvesting (Sheaffer et al., 1998). However, increased harvesting
frequency can be associated with lower biomass yield, compromised root system that
impacts plant recovery from defoliation and pasture persistence under grazing.
Published data generally show that there is a progressive decline in digestibility and
crude protein and a corresponding increase in NDF, ADF (Arthington and Brown, 2005)
and lignin (Laredo and Minson, 1973) as grasses transition from an immature to a more
mature vegetative state.
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Figure 2. Schematic representation of the changes in the chemical composition
of grasses which accompany advancing maturity (Osbourn, 1980).
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Leaf-to-Stem Ratio

Leaf/stem ratio is primarily associated with maturity of the grass and harvest height and
contributes significantly towards determining diet selection, forage intake and
digestibility (Ramirez et al.,, 2008) because leaves contain a greater proportion of
digestible nutrients and metabolizable energy than stems. The concentrations of cell
wall fractions (NDF, ADF and lignin) of tropical grasses are usually lower and crude
protein usually higher in leaf than in stem (Hare et al., 2009) which influences intake
and production response. Ruminant animals are primarily “leaf seaker” - prefering plants
with higher proportion of green leaf. Laredo and Minson (1973) separated leaf and stem
of similar digestibility from five grasses and found that intake of leaf was 46% higher
than stem when fed to sheep. Under grazing conditions, the uppermost leaves are
consumed first by cattle, followed by leaf-bearing stems while leafless stems are only
grazed when herbage availability is severely limited (Stobbs, 1975). As a result, the
nutritive value of the herbage consumed is higher than that of the total herbage on offer
to the animal (Sollenberger and Burns, 2001) when ample herbage is supplied.

Nitrogen Fertilizer Application

The seminal work on response to fertilizer N by tropical pastures was done by Vicente-
Chandler et al., (1959), who examined the effect of N fertilization and cutting frequency
on yield and chemical composition. Since then, numerous reports have also shown that
crude protein content generally increases with increasing nitrogen (N) fertilization.
Applying fertilizer to pasture not only improves quality but also increases the biomass
yield of the pasture (Johnson et al., 2001). However, there seems to be a threshold
level where incremental gains in both quality and biomass yield cease. In terms of
biomass yield, Vicente Chandler et al. (1964) showed that increases in fertilizer N
application resulted in a linear biomass yield response up to application of 450 kg N/ha.
Beyond 450kg N/ha, the response in herbage mass become asymptotic. Adeli et al.
(2005) reported similar response to increased fertilizer N by biomass yield and CP
concentration. Crude protein concentration of Bermuda grass (Cynodon dactylon) (96 -
184 g/kg) and Johnson grass (Sorghum halepense) (103 — 156 g/kg) increased with
incremental levels of fertilizer N up to an application rate of 450 kg N/ha., where a peak
was realized. A reduction in both crude protein and biomass yield was observed at
higher rates. Johnson et al. (2001) and Adeli et al. (2005) indicated a positive response
in in-vitro organic matter digestibility and in-vifro true digestibility, respectively, with
increasing N fertilizer application. Generally, there are variations in the response of the
structural constituents of pasture forages to increased N fertilization.

Stocking Rate and Degree of Defoliation

Stocking rate is normally expressed as number of animals per hectare for a given time
period. Grazing management that includes increasing stocking rate usually result in an
improvement in pasture quality. Many researchers including Mayne et al. (1987)
showed that higher grazing pressure and grazing severity can significantly increase the
organic matter digestibility of pasture swards for the following grazing cycle. This is
mainly due to a decline of post-grazing residual mass and hence a greater proportion of
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green herbage and less senescent and fibrous material associated with greater removal
of pasture herbage and subsequent emergence of higher proportion of young tillers at
the onset of each grazing cycle at higher stocking rates compared to lower stocking
rates (Fales et al., 1995). However, as the quantity of pasture allowance increases, the
amount of refused pasture increases and this will lead to a decrease in herbage quality
in subsequent grazing rotations (M°Evoy et al., 2008). For this reason, mowing
rotationally grazed tropical pastures at least once annually was recommended by
Hughes et al. (2011).

Environmental Factors

The effect of seasonality on pasture production results in limited herbage availability
and or poor quality at some periods of the year, when ingested herbage falls short in
satisfying the nutritional requirements of the ruminant animal (Grimaud et al., 2005).
Generally, the dry season is the most challenging period in providing pastures of
adequate quantity and quality. During this period tropical pastures tend to have low
protein concentration (Mtui et al., 2009), digestibility and metabolizable energy (Hughes
et al., 2012), and high structural carbohydrate contents (Hughes et al., 2011), in addition
to a shortfall in supply. This is due to the prevailing climatic conditions where they grow,
particularly the high degree of solar radiation, resulting in rapid lignifications and a
reduction in intake and digestibility. The seasonal fluctuations in feed supply and
pasture quality experienced in the tropics results in a seasonal pattern of live weight
gain associated with the wet season and live weight loss during the dry season (Poppi
and M°Lennan, 1995), principally due to a shortfall in pasture supply and sharp decline
in nutrient characteristics of pastures in the dry season.

Quality and Nutritional Value of Tropical Pastures

Forage quality is an encompassing attribute that includes nutritive value/chemical
composition, intake and animal performance. The nutritional contribution of forages to
the diet can be assessed in several ways. The most utilized methods are the proximate
analysis of Van Soest (1967), modified to utilize the NDF and ADF determinations
(Cheeke, 1999). Laboratory analysis of ruminant feeds generally involves determining
the dry matter, organic matter, structural carbohydrate (NDF, ADF and ADL), soluble
carbohydrates and crude protein contents of the feedstuff (France et al., 2000). Van
Soest (1967) presented a comprehensive system of feed analysis and a classification of
forages fractions based on their nutritional characteristics (Table 1). To date, this
system has been used extensively to provide a crude approximation of forage quality.
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Table 1. Classification of forage fractions according to nutritive characteristics
(Van Soest, 1967).

Nutrient Availability
Class Fraction Ruminant Non-ruminant herbivore
Category A Sugars, Soluble Complete Complete
(Cellular carbohydrates,
contents) Starch, Pectin Complete High
Non-protein
nitrogen High High
Protein, Lipids High High
Other solubles High High
Category B Hemicellulose Partial Low
(Cell wall) Cellulose Partial Low
Heat-damaged
protein Indigestible Indigestible
Lignin Indigestible Indigestible

It has been widely accepted that the quantity of forage ingested by the grazing animal
and their production response are the most important factors determining its quality
(Aregheore, 2007). A review of the factors affecting intake by grazing ruminants is
provided in Fisher (2002). Chief among these factors is digestibility. Hence, digestibility
is an important factor in determining nutritive value for forages because as digestibility
increases, feed intake also increases in response to higher rumen turnover rate (Laredo
and Minson, 1975). In addition, the higher the digestibility, the more nutrients (Forejtova
et al., 2005) and energy (Lukas et al., 2005) are liberated for use by the animal which
will have a positive effect on performance. A summary of available data on chemical
composition and digestibility of some tropical pasture species is presented in Table 2.
Le Du et al. (1979) suggested that herbage availability significantly influences intake,
and digestibility only becomes more important when herbage on offer is considered
non-limiting. Leaver (1981) from the UK suggests that such ad-/ib conditions exist on
temperate pasture at a minimum sward height of 9 cm at which point herbage allowance
would likely exceed maximum voluntary intake by a factor of 3. Stobbs (1977) in
Australia suggested that on tropical pasture (Panicum maximum) such'ad-/ib’ conditions
would exist when herbage allowance is approximately four times maximum voluntary
intake.

Production Response from Tropical Pastures

The spiraling increases in the cost of supplementary concentrate feeds has brought
farmers in non-grain producing countries to the reality that over-reliance on concentrate
feed and the low response of milk production to concentrate feeding is neither
sustainable, economically nor nutritionally justified. This situation will undoubtedly
challenge farmers to confront the conventional wisdom that tropical pastures are
insufficient to maintain medium to high milk yields (Tamminga and Hof, 2000). However,
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the results of numerous studies from as early as the 1970’s have disproved this theory,
giving much hope to tropical ruminant production systems. Argel (2006) estimated that
adaptation of improved pasture species in South and Central America has resulted in a
26% and 6% increase in productivity of milk and beef production, respectively. The early
work by McDowell et al. (1975) and Martinez et al. (1980) to a large extent have set the
standard for milk production from tropical pastures. On intensive managed Pangola
grass pasture in Puerto Rico, McDowell et al. (1975) reported unsupplemented daily
yields of approximately 11 liters from Holstein cows stocked at 2.5 cows per hectare.
Reporting out of Cuba, Martinez et al. (1980) obtained whole-lactation milk yield in
excess of 4,120 liters from Holstein cows stocked at 3.6 cows per hectare grazing Coast
Cross 1 (Cynodon sp.) pasture without recourse to supplementary feed. For animals fed
supplementary feeds, the average response was 0.14 L milk/kg concentrate fed
indicating that when pasture herbage of good quality is in ample supply the response to
supplementation is poor and uneconomical (Martinez et al., 1980). At similar stocking
rate, dairy cows grazing well fertilized (350kg N/ha./yr.) Cynodon dactylon or Panicum
maximum pastures, Rivero et al. (1988) reported unsupplemented daily milk yield of 12
— 14 kg over two lactations. Even at higher stocking rates tropical pastures have proved
to be more that capable of producing above expected yields. With a stocking rate of five
cows per hectare, Jennings (1980) recorded unsupplemented milk yields of 11,050 liters
per hectare from irrigated Pangola grass (Digitaria eriantha) pastures fertilized with
316kg N/ha./year in six split applications. These results were consistent with Stobbs and
Thompson (1975) who suggested that daily milk yields in the order of 7.2 liters is
attainable from unsupplemented tropical pastures grazed by Jersey-type cows.

341



Table 2. Yield, chemical composition and digestibility of some tropical pasture species.

Chemical Composition (g/kg)

Species Cultivar Yield Fertilizer  Maturity DM CP NDF ADF ADL IVOMD (g/kg) Source
(t. DM/ha.) (kgN/ha.) (days)
Cynodon 28 110 809 410 63 482 Arthington and Brown, 2005
nlemfuensis 1.6 78 28 148 739 336 546 Johnson et al., 2001
1.7 447 21 140 652 584 Miller, et. al. 2005
14 240 170 680 360 62 568 Hughes et al., 2012
Brachiaria Basilisk 11.32 176 86 637 347 Hare et. al., 2009
decumbens 7.3 125 42 65 784 449 82 521 Norton et. al.,1991
33 22 120 690 350 42 571 Hughes et al., 2012
Digitaria 42 268 70 700 73 Juarez Lagunes et.al., 1999
eriantha 45 226 79 724 418 43 632 Tikam, et al.,2010
41 42 212 61 650 329 Isuwan, et &/.,2007
Panicum Gaton 80— 160 105 75-117 621 319 692 Pieterse et. al.,1997
Maximum Vencidor 80-320 160 36 -52 609 270 813
T58 1.9 0 42 482 55 306** 548* Sodeinde ef. al.,2006
T59 4.8 400 42 655 101 261** 714
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It must be pointed out that recent studies aiming to establish the production potential of
grass-only production systems are very limited which can partly be attributed to the wide-
scale acceptance of the necessity for inclusion of concentrate in the diet of ruminants fed
tropical pastures, presumably, in an effort to align these production systems with those
commonly found in the more developed temperate regions.

Improving dry matter intake and utilization efficiency of tropical pastures

Low dry matter intake and inefficient utilization are the main factors limiting the productive
potential of tropical pastures. A review of the literature has further revealed that the inability
of producers in the tropics to optimally exploit the benefits of pastures and overcome these
limitations is not a result of lack of available information but is more due to their inability and
reluctance to adopt and utilize the vast amount of available technologies. Dillon (2006)
articulated the fundamental principles surrounding optimizing pasture dry matter intake by
the grazing dairy cow —which provides the basis for improving utilization efficiency and
enhancing competitiveness of outputs from tropical grazing systems. Maximizing intake and
improving utilization efficiency of tropical pastures can be practically achieved by the
following strategies.

Grazing Management

Preferred Grazing/”’Leader-follower” System

The leader-follower grazing method involves two or more groups of animals with different
nutritional requirements grazing a pasture sequentially (Archibald et al., 1975). The first
group of animals, usually with the highest nutritional requirement - such as dairy cows in
early lactation, is given first access. The other group(s); with lower nutritional requirements
than the first, is allowed to graze after moving the first group to a new pasture. This method
can be labour intensive and complex but can significantly improve forage utilization and
output without compromising sward health and quality (Mayne et al., 1988). Preferential
treatment of high-producing British Friesian dairy cows comprising the “leader” group
produced up to 9% more milk per day compared to similar high-producing cows in the
control group (Mayne et al., 1988). In contrast, Archibald et al. (1975) reported similar milk
yield for “leader” and “follower” cows to that of the control groups and hence concluded that
the potential benefit of the “leader-follower” system is unlikely to exceed conventional
grazing systems. It seems therefore, the sward state and grazing time at first grazing can
significantly impact intake by the “leader’ group and that the potential benefits of this system
will be more apparent if more than one “follower” groups are introduced.

Optimum stocking rate/carrying capacity

A generalized model of the relationship between stocking rate and animal production was
described by Mott (1973) [Figure 3]. The model suggest that at low stocking rates individual
animal performance is relatively insensitive to increased stocking rate, resulting in large
increments in output per hectare. Beyond a critical stocking rate, individual animal
performance declines rapidly until a point is reached where output per hectare is also
jeopardized. Therefore, the optimal range in stocking rate occurs where attempts are made
to match herbage availability with herbage dry matter requirements.
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Figure 3. Relationship between output of animal production and stocking rate (Mott.,
1973).

Jennings (1992) attributed the low productivity of Jamaican pastures to the inability of
farmers to fully exploit the growth potential of tropical pastures by adopting an approach to
optimize carrying capacity. Hughes et al., (2011) showed that the typical Jamaican dairy
farm employed a stocking density of 0.8 — 3.4 AU/ha. On the background of earlier work
done in Puerto Rico, Jennings (1992) outlined a practical approach towards increasing
carrying capacities with the application of fertilizer N (Table 3). Dry matter production was
predicated on the basis of a response of 30kg DM per kg N fertilizer applied up to 450 kg
N/ha. This response, however, was later shown to be very conservative as with the
subsequent introduction of Cynodon spp. even higher yield responses have been realized
(Miller et al., 2005).

Table 3. Carrying capacities and expected milk yield at different N fertilization levels
(Jennings, 1992)

N fertilizer Herbage vyield No.

(kg/ha.) (kg DM/ha./an  cows/ha. Milk production/ha.
No Supplementation (40%
supplementation  DMI)

0 10,000 2.0 4,925 7,100

56 11,800 2.3 5,850 8,450

112 13,450 2.7 6,780 9,780

170 15,140 3.0 7,400 10,100

225 16,800 3.5 8,620 12,450

336 20,200 3.9 9,850 14,200

450 23,550 4.7 11,700 16,900

Mixed Species Grazing

Mixed species grazing has been shown to enhance forage utilization, which translates into
higher output per unit area and reduced cost of production compared to grazing with a
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single species. Logan and Jennings (1995) compared eight Jamaica Red Poll bulls vs. six
Jamaica Red Poll bulls plus 15 weaned lambs rotationally grazing Brachiaria decumbens
pastures (0.2 ha) at 5 AU/ha. in two experiments. The results indicated an average 37% and
33% higher live-weight gain/ha and pasture utilization, respectively, when pastures were co-
grazed by cattle and sheep. These findings were consistent with reports by Nolan and
Connolly (1989) and Mendiola-Gonzalez et al. (2007). However, Nolan and Connolly (1989)
showed that under single species grazing, 10 — 13% more area was required to produce the
same grazing season output as under mixed grazing. Abaye et al. (1993) found that mixed
grazing resulted in earlier attainment of target lamb weaning weight and improved lamb
performance. However, animal production per hectare was not significantly affected. This
was mainly because of decreased forage availability as the grazing season progressed and
forage demand by cattle increased. Bennett et al. (1970) reported similarly higher than
expected performance of sheep when grazed together with cattle while that of cattle
reduced slightly then recovered in spring through compensatory gain. Mixed-species
grazing confers competitive advantage to sheep but not necessarily at the expense of cattle.
Differences between sheep and cattle in their mechanical ability to be selective offer
opportunities for complementary pasture use (Logan and Jennings, 1995). Differences in
grazing habits could indicate that cattle are more sensitive to changes in quantity of
available graze material and that sheep are more tolerant to grazing the lower sward strata
including weeds.

Semi- and/ or Zero-Grazing

Zero-grazing provides a way of improving the efficiency of utilization by eliminating the
losses of herbage due to fouling by excreta, trampling and poaching under grazing thereby
reducing residual dry-matter accumulation and encouraging greater consumption of the
forage on offer. Hood (1962) reported that zero-grazed beef cattle gave 10.1% higher output
of live weight gain per hectare over rotationally grazed cattle offered the same forage. The
corresponding increase in production of dressed carcass weight per hectare was 13.3%.
The quantity of forage rejected by the zero-grazed animals was consistently low, averaging
1.7% of the forage offered. Improved forage utilization is achieved from the zero-grazed
system mainly because the animals eat almost the entire plant depending on presentation.
This is in contrast to rotational grazing where the animal will give priority to selecting green
leaves and will only resort to grazing the more fibrous fraction when herbage availability
becomes limited. Consequently, the nutritive value of the diet of the grazing animal is higher
than that of the zero-grazed (Sollenberger and Burns, 2001). Zero grazing also offers the
opportunity to integrate forage with other feed resources, in a homogenous mix, as with total
mixed rations, to improve the quality of the diet offered as well as promoting overall
increased feed intake. The most obvious disadvantage with this system is an increased
cost associated with housing the animals, as done in intensive management systems, and
harvesting and transportation of the forage to make it available to the animal.

Improving sward state

Under rotational grazing, the primary limiting factor to maximizing grazed herbage intake is
not chemical composition per se but more to do with sward state i.e. the way the herbage
presents itself to the animal so as to facilitate prehension and ingestion. In addressing the
state of swards presented for grazing much focus has been towards measurements of leaf
area index (LAI) and light interception (LI) as a determinant of “efficient grazable herbage
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presented” (de Carvalho et al., 2013; da Silva et al., 2013). Generally, these studies have
concluded that (like temperate pastures) LI 95% correlates well with optimum LAl which
provides the condition for grazing-thus ensuring high grazing efficiency (Difante et al., 2009)
The very stoloniferous species such as Cynodon nlemfunsis which seems LI 90% might be
more indicative of optimal Leaf.Stem ratio (de Carvalho et al., 2013) is an exception. In
addition, Fonseca et al., (2012) suggested that animal withdrawal from pasture must be
done when sward height reaches 40 — 60% of the pre-grazed height to facilitate high levels
of intake and performance. The underlining question now is how do we achieve this
optimum sward state for presentation to the animal to facilitate efficient grazing? Da Silva et
al. (2013) suggested that sward structure of rotationally grazed tropical pasture can be
modified by alteration in height and LAI pre-grazing and by LI post-grazing.

Under rotational stocking, de Silveira et al. (2013) observed optimum sward condition; i.e.
pre-grazing LI 95% and post-grazing height of 20 cm from Mulato pasture (Bracharia spp.)
which resulted in efficient grazing as a result of high leaf proportion. Defoliation severity
producing a residual sward height of 20 cm was also reported by de Carvalho et al. (2013)
to produce optimum sward condition (LI 90%, highest tiller population density and leaf
blade: stem ratio) for grazing Cynodon nlemfuensis pastures.

Concentrate Supplementation

Concentrate supplementation is most cost-effective when used to supplement seasonal
herbage deficits (M°Evoy et al., 2008a), offset forage nutrient deficiencies (Moore et al.,
1999) or to increase carrying capacity without negatively affecting individual animal
production (Becky et al., 2008). Supplementing animals with concentrate has been shown to
increase total and herbage dry matter intake (M°Evoy et al., 2008a). However, the effect of
concentrate on herbage intake of the grazing cow has been shown to depend on the level of
daily herbage allowance (Meijs and Hoekstra, 1984). Peyraud and Delaby (2001) showed
that substitution rate increases with increasing pasture availability, from O for high grazing
pressure to 0.6 — 0.8 when grazing pressure is reduced. An inverse relationship between
substitution rate and milk production efficiency was highlighted by Horan et al., (2006)
[Figure 4]. There is evidence in the literature to suggest that when adequate pasture is
available concentrate supplementation produces a low response in terms of milk yield of
dairy cows (Meijs and Hoekstra, 1984). A review by Leaver et al., (1968) showed average
response of 0.33, 0.40 and 0.27 kg milk per kg concentrate DM, respectively. In contrast,
from a review of responses to supplementary feeding in whole-lactation experiments on
tropical pastures by Jennings and Holmes (1985), an average response of 0.82 kg milk per
kg concentrate feed was reported. Similar supplementation efficiencies (0.85 kg milk per kg
concentrate DM) were reported by Delaby and Peyraud (1997). The varied response in milk
yield to grazing supplementation is likely related to the differing realized level of herbage
utilization between experiments as well as the difference in optimal level of herbage
utilization between temperate and tropical pastures. Leaver (1981) and Stobbs (1977)
reported contrasting optima for temperate and tropical in respect of the herbage allowances
at which intake is maximized in dairy cattle. For temperate pastures, the indicative optimum
is where herbage allowance is equivalent to 2.5 to 3 times dry matter intake while on tropical
pastures the ratio is closer to 4:1.

346



1.40

.
1.20
.\
1.00
.
o
" \
0.60
.
\ .
0.40 .

0.20

Response to concentrate (kg/kg)

0.00 L} T T T AJ T 1
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Substitution rate (kg/kg)

Figure 4. Relationship between substitution rate and milk yield response to
concentrate supplementation (Horan et al., 2001).

Grass/Legume Association

Associating grasses with legumes offers a viable economic option for improving pasture
quality and productivity and hence animal production in tropical regions, particularly with
soils of low natural fertility (Lascano et al., 1989). Hill et al. (2004, 256) pointed out that
financial pressures are promoting increased use of legume-based pastures to increase
protein intake and improve the efficiency of energy utilization in Australia. The rationale for
this alternative is that tropical legumes have a higher nutritive value than grasses and,
through symbiotic nitrogen fixation can enhance the DM production and quality of the sward
and improve soil fertility. Grass/legume association not only improves the nutritive value of
the pasture but also enhance physical and morphological sward state offered for grazing
resulting in improved grazing efficiency and intake. However, the higher growth potential of
C4 grasses causes difficulties in the maintenance of a grass-legume balance (Humphreys,
1991). Maintaining grass/legume pastures has been difficult mainly because animals exhibit
selection preference for the legume in addition to suppression of the legume by the fast-
growing grass particularly when pastures are heavily grazed (Lascano, 2000). Additionally,
the disparate optimum defoliation intervals of tropical grasses (four weeks) and tropical
forage legumes (eight weeks) pose practical difficulties in balancing herbage presentation
mass against nutritive value.

It is important to point out that the work described by Lascano (2000) was conducted on the
acid soils of South America, where extensive management of pastures and hence
grass/legume associations is more appropriate. However, in the general Caribbean and
other tropical areas where returns from specialized grazing systems are marginal thus
forcing extensive grazing management; grass/legume associations might be more
economical than resorting to inorganic N fertilization. Haynes (1980) suggested that the use
of legumes in grass pastures may result in increased N content, digestibility and balanced
mineral content of the pasture herbage. Paterson et al. (1979) reported a live weight
advantage of 40 kg/head to Panicum/Glycine mixture compared to a monoculture Panicum
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pasture when grazed by Brangus bulls during the dry season in Bolivia. Legume content of
the pasture decreases linearly with increasing stocking rate (Cowan et al., 1975). Thomas
(1992) suggested that legume contents of 20 — 45% of the herbage DM could provide the
nitrogen requirements for a productive and sustainable pasture. Under such conditions the
pasture is more palatable than a grass-only pasture and utilization can be up to 40% higher
(Thomas 1992). It is important to note that in the tropics, the extent of N-fixation by forage
legumes tends to maximize at approximately 115 — 200 kg N/hal/yr. (Cadisch et al., 1989).
This level of biologically fixed N is sufficient to sustain a range of herbage DM yields of 3 —
22 tonn DM/ha/ yr (Thomas, 1992) but will limit carrying capacity of grass/legume pastures
to below 3.5 AU/ha (Table 3). Where land values make it imperative to maximize carrying
capacity the economics of grass/legume pastures have to be carefully evaluated. In
addition, the choice of legume and grass species must be carefully considered to maximize
the benefits of both while maintaining the mix stand for the longest possible time in optimum
state.

Forage Conservation

Forage conservation offers one of the most critical and practical solutions to address the
severe dry-season herbage deficit common to tropical areas. Hughes et al. (2011) showed
that in excess of 12,000 tons DM/ha. are produced on some Jamaican farms at certain
times of the year while, during the dry season, herbage availability presents a critical
constraint. This offers the possibility of harvesting herbage during periods of surplus and
preserving it as either silage or hay (including haylage) to be used to supplement pasture
herbage deficit during the dry season (Clark and Kanneganti, 1998). The nutritive value of
conserved fodder is usually lower than when freshly cut. Wilkinson (1984) suggested that
the feeding value of ensiled forage falls by about 2.5 units per week.

However, it is common understanding that herbage quality is of secondary consideration
when herbage availability is low. Harvesting and conserving excess pasture/forage herbage
also offers the benefits of:

¢ Maintaining adequate grazing pressure thereby improving utilization efficiency

¢ Maintaining the sward with a high proportion of leaf by discouraging/removing high
accumulation of residual dry matter (Hughes et al., 2011)

¢ Minimizing the effect of “fouled” herbage on consumption on subsequent grazing

Mechanical or manual harvesting of forage can be beneficial to sustainable sward
management. Forage banks, comprising high DM producing forages such as sugarcane
(Saccharum officinarum) and pennisetum spp to be fed as “green chop” and the use of high
protein tree forages to supplement low pasture availability and or nutrient deficit (Edwards et
al., 2012) are also viable option that should also be put into practice to address pasture
shortage during the dry season. Deferred grazing or “stockpiling” forage is another
alternative. This method, however, is only practical where land space is not limiting and
usually offers forage of a lower quality. Deferred grazing or “Stockpiling” refers to allowing
forage to accumulate for grazing at a later time (Clark and Kanneganti, 1998).

Synchronizing Animal Type/Breed with Available Feed Resources

NRC (2001) showed that a Holstein and Jersey cow of 680 kg and 454 kg body weight,
respectively, both producing 25 kg milk will consume 20.3 kg and 18.0 kg, respectively, DM
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daily. This suggests that a greater proportion of the feed consumed by the Holstein cow will
be portioned towards meeting maintenance requirement compared to the smaller sized
Jersey cow, hence smaller-sized dairy breeds are more efficient in converting feed
consumed to milk (Table 4). Jennings (1992) showed that the Jamaica Hope dairy cow milk
yield per 100 kg OMD was approximately 8 units superior to that of the Holstein cow.
Additionally, Devendra (1975) pointed out that the dairy goat is by far a more efficient in
converting feed to milk than cows. At maintenance level, NRC (2001) suggested large and
small breed dairy cows required in the order of 10.1 and 7.6 Mcal. daily net energy,
respectively. Jennings (1992) provided evidence showing that the Jamaica Hope cow [450
kg BW] will produce in excess of 1.2 kg more milk per kg live weight compared to the
Holstein cow [650 kg BW] (Table 5) when maintained on unsupplemented tropical pastures.
More importantly, from this study, it was interesting to observe that 50% of the Holstein
cows developed reproductive problems after the first lactation which prevented them from
progressing further in the study further highlighting the superiority of the smaller breed dairy
cow on unsupplemented tropical pastures.

Therefore, since the energy and nutrient density of tropical pastures/ pastures (4.8 — 10
MJ/kg DM [Hughes et al., 2012]) are relatively lower than those of temperate pastures and
legumes and the nutritional requirements of the large breed dairy cow is greater, tropical
pastures are better able to meet the energy and nutritional requirements of animals of
smaller body size. This is further validated with the data presented on yield/unit live weight
of the dairy goat (Prakesh and Khanna, 1972; Devendra and Burns, 1970).

Table 4. Milk yield per 100kg digestible organic matter (DOM) of goats, cows and
buffalo

Specie/Breed Location Milk yield (kg) Reference
Daily Per 100kg DOM
Goats
British Alpine  Trinidad 5.0 125.6 Devendra 1975
Anglo-Nubian  Trinidad 2.6 1.7 Devendra 1975
French Alpine Guadeloupe 1.4 145.0 Devendra 1975
Jamunapari Devendra 1975
Cross Malysia 0.9 67.1
Cows
Zebu/Holstein  Trinidad 7.7 86.0 Devendra 1975
Local Indian Malysia 3.6 101.5 Devendra 1975
Holstein Jamaica 6.8 77.3 Jennings 1992
Jamaica Hope Jamaica 7.5 85.2 Jennings 1992
Buffalo
Murrah India 5.9 73.6 Devendra 1975

"Grass only/unsupplmented diet
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Table 5. Comparison of milk yield/kg live weight of goats, cows and buffalo

Average
Average live Yield/kg
milk yield weight live
Species (kg) (kg) weight Reference
Goats
3/4 Anglo-Nubian x Devendra & Burns
Local 236.8 55.5 4.2 1970
Prakesh & Khanna,
Beetal 181.0 22.7 8.0 1972
F1 Anglo-Nubian x Devendra & Burns
Local 295.5 41.8 7.1 1970
Cows
Jamaica Hope 2,207. 408.5 5.4 Jennings 1992°
Holstein 1,885 464.5 4.1 Jennings 1992
Devendra & Burns
Jersey 1,377.3 409.1 3.4 1970
Buffalo
Devendra & Burns
Murrah 1,814.1 454.5 4.0 1970

"Grass only/unsupplmented diet

Informed Decision Making Prior to Grazing

Traditional methods used to determine pasture nutritive value and characteristics are time
consuming as they require destructive sampling, exhaustive and expensive laboratory
assays. As a result the outcome of these assays has very little impact on present and
immediate decision making to inform and guide the grazing/feeding process. Hence, the
need exist to develop alternative methods and tools capable of providing instantaneous
information on pasture condition prior to grazing which will facilitate judicious
supplementation. The chlorophyll meter seems to be one such tool with great potential. In
fact, Madakadze et al. (1999) tested the accuracy of the SPAD 502 chlorophyll meter to
predict yield and N (crude protein) concentration of Switch grass (Panicum virgatum L). This
close association between tissue chlorophyll and N exist because green tissue contains the
majority of plant N. Starks et al. (2006) also reported that indirect chlorophyll measurements
(NDVI) are strongly correlated with other plant macro-constituents such as NDF and ADF.
However, much more calibration studies are needed to truly asses the utility of chlorophyll
meters. Other methods have been tested, for example, the rising plate meter and sward
stick for estimating herbage mass but the vertically heterogeneous nature of tropical pasture
were the main limitations hindering their accuracy.

Conclusion

Seasonal fluctuations in pasture supply, high structural carbohydrate concentration and
sward morphological structure that inhibits maximizing intake at grazing remain the most
significant environmental and grass-related limitations to intake and nutrient absorption from
tropical pastures. However, these limitations are preceded by the slow adaptation and
utilization of proven practical management approaches aimed towards improving utilization
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efficiency and intake of tropical pastures. Knowledge pertaining to production, utilization
and management of tropical pasture is extensive. For example, quality, quantity and
availability and animal response from tropical pastures and the factors affecting them have
been widely researched. The seminal work by Vicente Chandler et al. (1968) investigating
management factors for improving both quality and quantity of tropical pasture have since
been vastly extended. Earlier reports suggesting tropical pastures are incapable of
supporting mid-high levels of animal output have been dispelled by numerous studies.
Moreover, the introduction of improved tropical grass species has contributed significantly to
increased animal production from tropical pastures, particularly due to the superior growth
rate and dry matter production which facilitated increased stocking rates and carrying
capacity.

What is lacking is in-depth understanding of the sward-animal interface as it relates to sward
morphological conditions necessary to optimizing intake at grazing and simple and accurate
tools for providing real-time information on sward characteristics and nutritive value.
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