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Agronomic performance in Paspalum interspecific hybrids subjected to
nitrogen application rates or in mixture with temperate legumes*

Author: Eder Alexandre Minski da Motta
Advisor: Miguel Dal’Agnol

Abstract: Plicatula is a taxonomic group within of the genus Paspalum that
contains interesting species considering their phenotypic diversity for forage
traits, and some of these species have been improved through artificial
interspecific hybridization. Nitrogen (N) is an important limiting factor to produce
biomass. Forage legumes contribute with symbiotic N2 fixation and can increase
biomass yield and the nutritive value of the pastures. The objectives of this
thesis were: (i) evaluate dry matter yield (DMY), N use efficiency (NUE),
nutritive value, cold tolerance and plant persistence in hybrids of Paspalum
plicatulum x P. guenoarum subjected to N application rates, (i) compare
biomass yield and nutritive value of the grass—legume system to a grass—N
fertilizer system, and (iii) select the best hybrids for new steps within the
breeding program. The study was conducted from September 2015 to May
2017. The experimental design was a randomized complete block in split-plot
arrangement with three replicates. Treatments were five N rates (0, 60, 120,
240, and 480 kg N ha N), and one grass-legumes mixture (Trifolium repens +
Lotus corniculatus) as whole plots, and six genotypes (1020133, 102069,
103084, 103061, P. guenoarum ecotype Azuldo and Megathyrsus maximus cv.
Aruana used as a control) as subplots. Nitrogen rates of 240 and 480 kg N ha
increased Total-DMY, Leaf-DMY, cold tolerance and persistence but decreased
NUE. Higher NUE was obtained with N rates between 60 and 120 kg N ha.
Total-DMY for grass-legume mixture was similar to the N rates of 60 and 120 kg
N hal. Hybrid 1020133 had Total-DMY similar to Azuldo and Aruana, as well as
Leaf-DMY greater than Aruana. Hybrid 1020133 showed greater cold tolerance
and exhibited greater NUE at 60 kg N ha! than the other genotypes. At the N
rate of 480 kg N ha increased crude protein (27%) and digestibility (4%) and
decreased neutral (6%) and acid (7%) detergent fiber compared to the 0 kg N
hal. Grass-legume mixture showed greater nutritive value compared to N-
fertilized grass. Hybrid 103061 had greater crude protein and digestibility and
lower neutral and acid detergent fiber than Azuldo and Aruana. Therefore, there
is opportunity to increase DMY, NUE, cold tolerance and plant persistence, and
improve the nutritive value through genotype selection and N management. In
addition, grass-legume mixture showed greater nutritive value than N-fertilized
grass and can be an alternative practice to replace to the application of N
fertilizer up to the rate of 120 kg N ha. Hybrids 1020133 and 103061 should be
indicated for new studies, such as seed production and animal performance.

Key words: biomass yield, nitrogen use efficiency, nitrogen supply, nutritive
value, persistence, plant selection.
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1.1. GENERAL INTRODUCTION

The world population is expected to increase from the current 7
billion people to 9 billion in the year 2050. Thus, a significant increase in the
production of meat and dairy products will be needed (Jank et al., 2014;
Schroder, 2014). The FAO (Food and Agricultural Organization) estimates that
to satisfy the population growth, food production will have to increase by 60% in
the next decades (FAO, 2016).

Animal production in tropical and subtropical areas of the world is
largely dependent on native or cultivated pastures, which requires higher
production, quality and adaptation of forage plants (Jank et al. 2011). The use
of proper management practices particularly water and nutrient management,
as well as species selection, are some of the main options for improving forage
yield (Adjesiwor et al., 2017).

After the drought stress, nitrogen (N) is often considered the most
important limiting factor to produce biomass in natural ecosystems. In
grasslands systems, N fertilization practices can provide N supply for plants to
express the potential yield allowed by the climatic conditions (Lemaire et al.,
2008). According to Pontes et al. (2016), forage yield and nutritive value of
pastures are affected by the use of N fertilizer. Several studies report the
positive effect of N fertilizer on forage yield and nutritional characteristics in
different grasses species (Hennessy et al., 2008; Costa et al., 2010; Silveira et
al., 2013; Obour et al., 2017). On the other hand, the industrial production of N
fertilizer uses non-renewable reserves of fossil fuels (Schréder, 2014), and
prices have increased 2.5 times in the last decade (Verhulst et al., 2015). Thus,
producers are searching for alternative strategies to manage the requirements
of N fertilizer for their grasslands (Biermacher et al., 2012).

The use of legume species may be an alternative to provide N to
grasses and offer opportunities for sustainable grassland-based animal
production (Schwinning and Parsons, 1996; Liuscher et al., 2014). Through the
symbiotic fixation of N2, legumes can replace the use of synthetic N fertilizer as
well as contribute to increase yield and nutritive value of forage, raising the
efficiency of conversion of forage to animal protein (Tekeli & Ates, 2005;
Interrante et al., 2012; Luscher et al., 2014). Therefore, forage legumes in
mixtures with grasses can be considered a viable alternative to synthetic N
fertilizer application to grass monocultures (Adjesiwor et al., 2017).

Species of the genus Paspalum are constituents of native grasslands
in tropical and subtropical regions of the Americas (Strapasson et al., 2000;
Sartor et al., 2011). The great diversity and area covered, and wide adaptability
support the importance of the genus for animal production in these regions
(Novo et al., 2016). Previous studies have shown that N fertilizer influences on
biomass yield (Towsend, 2008; Machado, 2014), and nutritive value (Silveira et
al., 2013; Pontes et al., 2016) of Paspalum species.

There is a taxonomic group within genus Paspalum named Plicatula
(Chase, 1929), with approximately 30 species (Ortiz et al.,, 2013). Among the
species of the group are P. plicatulum, P. lepton, P. atratum and P. guenoarum,
which were cultivated as pastures in Australia, Argentina and United States
(Aguilera et al., 2011).
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The collection of a sexual diploid ecotype of P. plicatulum, and its
artificial chromosome duplication resulted in the generation of a sexual
tetraploid plant (Sartor et al., 2009). In recent years, this sexual plant has been
used as a female parent in artificial hybridizations for improvement of apomictic
tetraploid species of the Plicatula group (Aguilera et al., 2011; Pereira, 2013;
Novo et al.,, 2016; Novo et al., 2017). Agronomic studies have shown the
genetic potential of interspecific hybrids generated for some characteristics:
forage production, cold tolerance (Motta et al., 2016, 2017) and cattle
preference (Novo et al., 2017).

However, biomass yield and the nutritive value of these new hybrids
are unknown when subjected to N fertilization rates, as well as mixed with
legumes. Thus, the evaluation of these hybrids under N fertilizer can contribute
to selection of genotypes with higher forage yield and quality, persistence and N
use efficiency. In addition, testing these hybrids in mixtures with legumes may
provide greater knowledge about its production potential when competing with
other species.
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1.2. LITERATURE REVIEW
1.2.1. Genus Paspalum: importance of the Plicatula group

Paspalum species are distributed naturally in all tropical and
subtropical regions of the Americas, where are the major constituents of the
native pastures of those regions (Sartor et al., 2009). There is great diversity
among species, with different morphological characteristics, habit of growth and
areas of adaptation, as well as mode of reproduction and cytological
composition (Burson, 1997). More than 300 species are found in different
ecosystems, and some are cultivated as perennial warm-season grasslands
(Novo et al., 2017).

In the United States, Argentina and Brazil several species of
Paspalum are being improved with the main of generating new forage cultivars
for subtropical regions (Acuna et al., 2009; Aguilera et al., 2011; Novo et al.,
2016; Weiler et al., 2018). Among the characteristics researched are: cold
tolerance and cool-season growth; seed yield; grazing tolerance; nutritive value;
and tolerance to biotic stresses (Ortiz et al., 2013).

There is an informal taxonomic group within the genus Paspalum
named Plicatula (Chase, 1929), which contains many species considered
important due to its diverse ecotypes, and forage characteristics (Novo et al.,
2017). The center of variation for this group is central-western Brazil, eastern
Bolivia, eastern Paraguay, and northeastern Argentina (Sartor et al., 2009). The
Plicatula group has approximately 30 species and most of them are tetraploid
and apomictic (Ortiz et al., 2013). According to Batista and Godoy (1998)
Plicatula group presents variability to produce viable seeds, mainly for the
flowering season, seed germination, tolerance to pathogens and vigor of the
seedlings in the field establishment. These characteristics can be used in
breeding programs for seed propagation.

Plicatula group may be considered a large agamic complex with
considerable forage potential. At least three species of this group have been
introduced to cultivation: P. plicatulum, P. guenoarum and P. atratum (Espinoza
et al., 2001). In Central Brazil, the species P. guenoarum and P. plicatulum
stand out for the forage potential (Strapasson et al., 2000). Both are also found
in the Rio Grande do Sul State (Barreto, 1974). These species have been used
in interspecific hybridizations (Aguilera et al., 2011; Novo et al., 2017), as well
as evaluated in agronomic performance studies (Pereira et al., 2012; Motta et
al., 2016; Huber et al., 2016).

P. guenoarum is a perennial species which presents summer growth,
but with cold tolerance. The plant can reach 1.5-m tall or more in the flowering.
In general, ecotypes have stems, nodes and glabrous sheaths, and may have
pilosity on the leaf blade (Nabinger and Dall’Agnol, 2008).

Several researches were conducted to evaluate forage production
and the nutritive value of this species. Mella (1980) studied the effect of grazing
in a mixture between P. guenoraum and Desmodium intortum and observed
greater grass proportion with higher interval of harvest (0, 14, 28, 42, 56 and 70
day) and lower herbage allowance (0, 2, 3.5, 5, 6.5 and 8 kg DM per 100 kg LW
ha' day?!). Moreover, the author described that grass had 58% of in vitro
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organic matter digestibility (IVOMD) and 10% of crude protein (CP) content,
regardless of grazing system. In a study with two P. guenoarum ecotypes
named Azuldo and Baio, Paim and Nabinger (1982) found approximate values
for CP (8.6—-8.7%) and IVOMD (56-53%) in whole plant respectively.

In greenhouse, Mota (1980) studied the effects of age at the first cut
(64, 113 and 134 days old) and stubble height (4 and 8 cm) on dry matter yield
(DMY), CP and total nonstructural carbohydrates (TNC) in P. guenoarum and
observed that plants with 134 days old, cut at 8 cm showed highest DMY and
CP, and this result was associated with weight of TNC of roots and stem. Costa
and Saibro (1984) evaluated the effects of N rates (0, 100, 200 and 400 kg ha
1), growth stages (vegetative, boot and flower) and stubble height (5 and 10 cm)
on DMY and CP of P. guenoarum. These authors reported that N application
linearly increased DMY and CP, while forage harvested at later maturity stages
yielded higher DMY and reduction on CP content. In addition, plants at the
vegetative stage when clipped at 10 cm height, showed the highest DMY.

Costa and Saibro (1985) evaluated the influence of sowing methods
in alfalfa (Medicago sativa) and P. guenoarum alone and in mixtures, with
different stubble height (5 and 10 cm). These authors described that mixtures
were more efficient in DMY and provided better weed control as compared to
the grass or legume species seeded alone. In addition, there was a tendency
for the 10 cm stubble height to increase the percentage of grasses.

Recently, Steiner et al. (2017) evaluated the forage performance and
chemical composition (leaf blades) of Azuldo and Baio. Azuldo showed a yield
of 18,560 kg DM ha, and a content of 14.7% CP, 68.8% of neutral detergent
fiber (NDF) and 40.3% of acid detergent fiber (ADF), while Baio showed a yield
of 18,243 kg DM ha and a content of 14.3% CP, 70.5% of NDF and 43.2% of
ADF. Lopes et al. (2016) studied the production and seed quality (2 yr.) of
Azulao subjected to different frequency of harvests (0, 1, 2 and 3), after a
cleaning harvest at the beginning of spring of each year. In this study, seed
production was higher 700 kg ha*, with values of 98.4% of purity, 72.2% of
germination and 4.9% dormant seeds.

P. plicatulum is a perennial species which presents summer growth
and can reach 1.2-m tall. It's characterized by spikelets with transversely
wrinkled lemma and shining dark brown anthecium (Espinoza et al., 2001). It
presents contents between 11.7-22.3% CP, 55-66.8% of NDF and 39.5-45.9%
of ADF, with good tolerance to drought, and maintains forage production during
fall. It has high number of tillers and grows up from of basal sprouting, since this
feature is very important to guarantee the persistence of forages under grazing
(Scheffer-Basso and Gallo, 2008). Currently, few agronomic studies have been
carried out with this species, reducing the availability of data in the literature.

1.2.2. Improvement of species of the Plicatula group

Most of Paspalum species reproduce asexually by apomixis (Quarin,
1992), which results in the production of progeny clones of the mother plant and
allows perpetuation of fixed genotypes (Acufia et al., 2009). In plant breeding,
apomixis provides a unique mechanism for developing superior cultivars and
preserving those genotypes indefinitely. In general, the three fundamental
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prerequisites of any successful plant breeding programme are: (i) availability of
a diverse germplasm collection; (ii) adequate knowledge of the biology, cytology
and reproductive system of the available material; and (iii) explicit and
achievable objectives (Ortiz et al., 2013).

Specific breeding techniques must be used to improve Paspalum
species. Ecotype selection is the oldest among the techniques used, which
involves germplasm collection, evaluation and selection, multiplication of the
best ecotypes, and the release of superior genotypes as new apomictic
cultivars, that is, clones propagated by seeds (Ortiz et al., 2013). An example of
the application of this technique has been described by Aguilera et al. (2011), in
which P. atratum, P. plicatulum and P. guenoarum species, all tetraploids and
apomictic were introduced in Australia, Argentina and United States, and the
released cultivars were selected from natural ecotypes collected mainly in
South America and without any genetic improvement through breeding.

Apomixis can be considered an obstacle to plant breeding because it
impedes gene recombination, and consequently the generation of variability. In
addition, it prevents the protection of cultivars in the Ministério da Agricultura
Pecuéria e Abastecimento (MAPA-Brazil), because the primary attribute for a
cultivar to be considered eligible for protection is to be the result of a plant
breeding process (Brasil, 2011). Due to MAPA guidelines, cultivar protection
can provide royalties for breeding programs, and benefit producers by obtaining
higher yielding cultivars as well as producing quality and purity seeds.

Species of the genus Paspalum are characterized by presenting a
complex genetic system, with variation in ploidy levels and reproductive modes
(Quarin, 1992). Approximately 60% of the species that have been characterized
are apomictic, and these are all polyploid (Brugnoli et al., 2013). Apomixis and
polyploidy is most common combination for most Paspalum species. Among
ploidy levels, tetraploidy is the most frequent condition (Sartor et al., 2011).

The existence of fully sexual plants at the 4x level is an important
prerequisite for any breeding program of polyploid apomictic grasses. In this
case, sexual tetraploid individuals can be used as female parent in crosses with
4x apomictic plants, allowing the study of agronomic traits (Sartor et al., 2009).
The collection of a sexual diploid plant of P. plicatulum and its chromosomal
duplication resulted in the generation of a tetraploid sexual plant (Sartor et al.,
2009). This sexual plant of P. plicatulum has been used as a female parent in
crosses with other apomictic species, which allowed initiating the improvement
of species of the Plicatula group through interspecific hybridizations.

Aguilera et al. (2011) carried out a cross between P. plicatulum 4PT
and P. guenoarum Rojas apomictic cultivar, which resulted in 23 interspecific
hybrids (14 sexual and 9 apomictic). Among the apomictic hybrids obtained,
seven produced seeds and were evaluated in rows in the field by Pereira et al.
(2015), that due to the higher forage performance selected the hybrids named
H12, H13, H20 and H22. Motta et al. (2017) evaluated these hybrids in plots
under different edafoclimatic conditions and found a dry matter yield greater
than 21,000 kg ha in some hybrids. In addition, greater cold tolerance was
observed in relation to the male parent Rojas and Megathyrsus maximus cv.
Aruana (used as controls), which demonstrated the existence of hybrid vigor
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obtained in the artificial hybridization between different species of the Plicatula
group.

Recently another hybridization was performed by Novo et al. (2017)
using P. plicatulum 4PT as a female parent and 11 apomictic species as male
parents: P. chaseanum, P. compressifolium, P. guenoarum, P. lenticulare, P.
macedoi, P. modestum, P. nicorae, P. oteroi, P. palustre, P. rojasii e P. wrigthii,
with the objective of analyzing the occurrence of heterosis for agronomic traits
in apomictic hybrids. In this research it was observed that some hybrids
presented heterosis for cold tolerance and cattle preference, with high levels of
seed fertility and growth capacity. In addition, the authors reported that the
efficiency of hybridization and fertility of the generated progeny were dependent
on the male parent involved, and that apomictic hybrids exhibiting heterosis for
cold tolerance and cattle preference were obtained at crosses between P.
plicatulum and P guenoarum.

Currently, there is no cultivar of the Plicatula group originated by
artificial hybridization technique available for commercialization. However, an
example that demonstrates the improvement of Paspalum species through
hybridizations as a tool to make new cultivars available to farms is the release
of P. notatum cv. Boyero UNNE in 2012. This cultivar originated by the
hybridization of a facultative apomictic tetraploid access with a high rate sexual
reproduction, pollinated with a highly apomictic tetraploid access, followed by
selection. Thus, Boyero UNNE is the first registered cultivar of tetraploid
apomictic P. notatum that was developed by breeding through a sexual x
apomictic hybridization scheme exploring the apomixis and plant selection in
the F1 progeny (Urbani et al., 2017).

1.2.3. Nitrogen: importance for forage performance of grasses

Nitrogen (N) was discovered in the late 18" century through the work
of several early chemists—Scheele (1742-1786, Sweden), Rutherford (1749-
1819, Scotland), Lavoisier (1743-1794, France). N importance in crop
production was recognized in the mid-19th century, initially by Boussingault
(1802-1887) and then more thoroughly by von Liebig (1803-1873), who
developed the theory of nutrient limitation in plant productivity. Near the end of
the 19th century, Hellriegel (1831-1895) and Wilfarth (1853-1904) discovered
that microbial communities could extract nonreactive N2 from the atmosphere
and convert it into a useable form, process known as biological nitrogen fixation
(Galloway and Cowling, 2002).

Nitrogen gas (N2) represents about 80% of the total mass of the
Earth's atmosphere. To most organisms, this huge N reservoir is not biologically
available (Galloway and Cowling, 2002). However, some types of organisms,
especially bacteria can fix the N2 of the atmosphere and make it available to
plants (Martinelli, 2007).

Nitrogen cycling in the soil-plant system is very dynamic and
complex due to the interaction between several factors such as climate, soil,
plant and microorganisms. The addition, transformation, utilization and possible
losses of N from soil-plant systems are the main components of N cycling. In
commercial crops, most of the N is added to the soil through inorganic
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fertilizers. However, there are other sources of N addition to the soil, such as
biological fixation, gas adsorption and organic fertilizers (Fageria and Baligar,
2005).

Plant demand for N is met by supplying N fertilizer and N
mineralization from soil organic matter. N fertilizer is generally applied in a form
easily available for plant uptake, whereas N from soil organic matter must be
mineralized before it becomes available for plant uptake. The rate of
mineralization is largely controlled by the availability of water, and by
temperature and aeration (Ladha et al., 2005). In general, N uptake of plants is
by the uptake of nitrate (NOs) and ammonium (NH4*), although soil organic N
can be absorbed and represent a significant proportion of total N absorption
under particular situations such as acidic soils and low temperature
environments (Gastal and Lemaire, 2002).

Nitrogen is an important part of the nucleic acids that determine the
genetic character of all living things and of the enzymatic proteins that drive the
metabolic machinery of every living cell (Galloway and Cowling, 2002). It is also
constituent of compounds such as chlorophyll and alkaloids (Fageria and
Baligar, 2005). Thus, N influences the rates of cell division and cell expansion of
growing leaves, as well as the response of leaf photosynthesis to radiation
(Gastal and Lemaire, 2002). According to Costa et al. (2013) N is essential for
maintenance of the productivity and persistence of forage grasses, since this
nutrient constitutes the proteins that actively participate in the synthesis of
organic compounds that make up the structure of the plant, and also
maximizing the morphogenic (leaf appearance, expansion and senescence
rates) and structural (leaf size, tiller density and number of live leaves per tiller)
characteristics of the grasses.

The availability of N in amounts lower than those required by the
plants compromises the expression of the production potential. However, it is
necessary to know the adequate level of this nutrient, capable of economically
maximizing the biomass yield, avoiding losses and increasing the efficiency of
this nutrient in the productivity of grasses, and consequently in animal
performance (Lugao et al., 2003).

Herbage accumulation

Several researches with different forage species, sources and rates
of N fertilization have been carried out to evaluate the effect of N on the grass
biomass yield. In a study with Digitaria ciliaris subjected to different N rates (0O,
56, 112, 168, 224, 280 and 336 kg ha™) and sources (ammonium nitrate and
broiler litter), Teutsch et al. (2005) reported an increased in forage production
with higher application N rate and observed a maximum yield when more than
300 kg of N was applied. Hennessy et al. (2008) evaluated the influence of four
N rates (0, 50, 150 and 250 kg ha* yrt) on perennial ryegrass (Lolium perenne)
for two years and observed an increased dry matter yield with the additional N
rates. Castagnara et al. (2011) evaluated the species Panicum maximum cv.
Tanzania and Mombaca and Brachiaria sp. cv. Mulato with increasing N rates
(0, 40, 80 and 160 kg ha™), and reported that N applied increased the dry
matter accumulation rate, canopy height and number of tillers. For each 40 kg N
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hat applied there was an increase of 4,600 kg ha' on biomass yield, and 809
kg ha* on dry matter yield.

Pitman (2012) evaluated P. notatum cv. Pensacola subjected to
three rates of N (336, 168 and 112 kg ha* year?) and three harvest frequencies
(each 4, 8 and 12 weeks), and reported that forage yield, except for the first
year was always higher due to the higher N rate and shorter harvest interval. In
addition, the cumulative effects of N from the second year may have contributed
to benefit production with the higher N rate. Also evaluating P. notatum
subjected to different sources (six) and N rates (0, 60 and 120 kg N ha),
Silveira et al. (2013) observed that regardless of the year or N source, dry
matter yield increased linearly as N rates increased. In addition, dry matter yield
increased by 25 and 50% relative to the control treatment when N was applied
at 60-120 kg ha respectively. Seepaul et al. (2016) studied the biomass yield
of Panicum virgatum in response to four N rates (0, 80, 160 and 240 kg ha* yr
1) for two years. These authors reported that the biomass vyield increased by
29% (2008) and 69% (2009) at 80 kg N ha** compared to the control, but there
was no further increases with the additional N rates.

Some studies have evaluated native ecotypes of the genus
Paspalum and its response to N fertilization. Towsend (2008) evaluated P.
guenoarum, P. notatum and P. lividum ecotypes subjected to four N rates (O,
60, 180 and 360 kg ha™? yr1). This author observed a linear response to the
application of N for biomass production, which shows the ability of these
ecotypes to respond at rates greater than 360 kg N ha? and express the
maximum yield potential in response to N applied. In another work with P.
notatum ecotypes also under rates of 0, 60, 180 and 360 kg N ha? year?,
Machado (2014) observed that dry matter yield doubled when the N rate
increased from 60 to 180 kg N ha, with a response up to the rate of 360 kg N
hal. However, the increase in yield was not as effective when compared to the
rate of 180 kg N hal.

Through economic analysis Cuomo et al. (2005) indicated two
general approaches to pasture management; one is a minimal cost (no N
fertilization or legumes) and minimal return (low forage production, low stocking
rates), and the other is a higher cost approach (inclusion of N fertilization or
legumes) with those costs reduced by higher forage production and higher
potential stocking rates. Adequacy of an approach depends on an individual
producer’s goals and their ability to effectively manage and use additional
forage produced with N or inclusion of legumes. In this context, Santos et al.
(2008) evaluated the effect of N application (100 and 200 kg ha) on forage
production, live weight and on the efficiency of conversion of N to animal
product in native pasture. These authors reported that fertilization investment is
biologically and economically viable, regardless of the N rate up to 200 kg ha,
as well as the application of 200 kg N ha? increases the production of live
weight and the conversion efficiency of N in animal product.

Evaluating several species and cultivars of grasses, Bartl et al.
(2009) reported that N fertilization provided increased dry matter yield and
productive differences between species, i.e. when N was not applied the
species showed similar performances. Generally, when plants are under
unfavorable conditions for their development, for example, such as water or
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nutrient deficit, the expression of variability between genotypes decreases
because they cannot express its yield potential and only try to survive. Mostly
plant breeding is conducted in the presence of sufficient nutrients (as N),
allowing the new cultivars to express their maximum yield potential.

Nutritive value

Nutritional value may not be considered as important as dry matter
yield in many forage systems, but when forage constitutes the majority of the
diet of a growing or lactation ruminant, or when the farms chooses not to
supplement with concentrate, it assumes substantially greater importance (Brink
et al., 2015). The study of chemical parameters such as CP, NDF and ADF is
important in analysis of the quality of grasses, since these parameters can
influence in animal performance (Van Soest, 1994). According to Costa et al.
(2010) high contents of NDF in forage plant limits intake capacity of the animals,
while high contents of ADF decreases dry matter digestibility.

Researches with different forage grasses have been conducted to
verify the N influence on nutritional value. Hennessy et al. (2008) reported the
effect of N (0, 50, 150 and 250 kg ha yr) on CP content of perennial ryegrass
(Lolium perenne), especially when there is an increase in applied N rates. Costa
et al. (2010) evaluated the biomass yield of Brachiaria brizantha cv. Marandu
with different N sources (urea and ammonium sulfate) and rates (0, 100, 200
and 300 kg ha?), and observed a linear increase on CP content with the
increasing N rates. In addition, NDF and ADF contents presented a linear
decrease with the additional N rates, reducing 8.9 and 26%, respectively
compared to 0 kg N ha?.

In a study with P. notatum cv. Pensacola, Pitman (2012) evaluated
its chemical composition and digestibility when subjected to three N rates (336,
168 and 112 kg hal) combined with three harvest frequencies (4, 8 and 12-
week intervals) and observed that CP and digestibility increased, while NDF
and ADF decreased when the N rates increased, and the harvest interval
decreased. Paulino et al. (2015) studied the effect of increasing N rates (0, 150,
300 and 450 kg ha?l) on the chemical composition and digestibility of
Megathyrsus maximus cv. Aruana and observed that N application decreased
the NDF and FDA contents, and increased the CP content, but had no effect on
the digestibility of the grass. These authors reported that applying 450 kg N hat
increased CP from 15.8% to 24.6% in leaf blades.

Pontes et al. (2016) evaluated six perennial grasses subjected to two
N rates (0 and 300 kg ha* yr1) and two cutting intensities (removal of 50 and
70% of the canopy height) and verified that N application and the lower cutting
intensity resulted in an increase in the nutritional value of the species. In a study
conducted with Panicum virgatum, Obour et al. (2017) reported that the
additional N rates increased digestibility and CP content from 614 and 53 g kg
(zero) to 664 and 90 g kg with 180 kg N ha* applied respectively.
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1.2.4. Nitrogen use efficiency

World population growth, coupled with increased demand for protein,
fiber and biofuels, makes it necessary to increase world food production
(Snyder, 2009). Nitrogen application can be an option to increase productivity,
and to alleviate the ever-increasing food insecurity caused by the worldwide
increase in people numbers, as well as by the inequality in food access
because of limited land, limited purchasing power, and/or inefficient distribution
(Ladha et al., 2005). In the last 50 years, use N fertilizers have increased about
20 times, with an expected increase about 180 million tons by 2030. However,
prices have risen more than 2.5 times in the last decade (Verhulst et al., 2015).

There is a greater need to increase the N use efficiency (NUE) in
production systems, especially in regions with potential for food production.
Plant breeders can contribute to optimizing the NUE of agricultural systems by
producing cultivars with high NUE, i.e. cultivars that produce a large amount of
biomass per N unit supplied via fertilizers. However, breeding for NUE has not
yet been incorporated to a large extent in practical breeding programs of many
crops, because NUE is not only a complex trait but also one that is largely
influenced by soil conditions that are difficult to measure or control (Van Bueren
and Struik, 2017).

NUE may be defined as the yield obtained per unit of N available in
the soil (supplied by soil + N fertilizer), which is the product of the absorption
efficiency (amount absorbed N/amount of N available) and the utilization
efficiency (yield/absorbed N) (Cassman et al., 2002; Hirel et al., 2011). Put very
simply, plants can either use the N they take up more efficiently, doing more
with less (increased utilization efficiency), or they can increase the amount of N
they acquire from the soil (increased uptake efficiency) (Garnett et al., 2009).

The determination of NUE in plants is an important approach to
evaluate the fate of applied chemical fertilizers and their role in improving crop
yields (Fageria and Baligar, 2005). There is a need to compare the performance
of genotypes at various N levels, since genotypes that showing good
performance and are efficient under high N, are not always the same that
showing the highest performances and efficiency under low N input (Van
Bueren and Struik, 2017).

Improving NUE is more difficult than for any other fertilizer nutrient.
This is because N mobility in soil-plant systems is high and variable. In
addition, many sources of addition and loss pathways of N in soil-plant systems
occur, which complicates N balances and N use by plants. Nitrogen sources
and methods of application significantly influence N uptake efficiency in crop
plants. Generally, urea and ammonium sulfate are the principal sources of N
fertilizers (Fageria and Baligar, 2005).

The development and preferential planting of cultivars that have
greater NUE are essential, since they will result in lower N—input requirements.
Although plant breeders concentrated in the past mainly on improving potential
yield, there is increased emphasis on aspects such as the nutritional value of
foods and biotic and abiotic stress tolerance. Thus, improvement of cultivars to
increase production stability or reduce nutrient losses may contribute to
increase NUE, improving economic results (Ladha et al., 2005). NUE is
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controlled by a complex array of physiological and environmental interactions
that are specific to the genotype of a given species. It is therefore essential that
an extensive survey of a wide range of genotypes covering the genetic diversity
of a crop should be performed (Hirel et al., 2011).

Studies with several species, cultivars and rates of N fertilization
have been performed to quantify the NUE. In a study with Panicum maximum
subjected to different N rates (0, 150, 300 and 400 kg ha!) Lugéo et al. (2003)
found a decrease on NUE with the increase of N rates applied. Costa et al.
(2010) evaluated the application of 50, 100 and 200 kg N ha™ in Axonopus
aureus, and observed a NUE of 29.8, 19.9 and 10.7 kg DM kg* N applied
respectively. Castagnara et al. (2011) evaluated the species Panicum maximum
cv. Tanzania and Mombaca and Brachiaria sp. cv. Mulato subjected to four N
rates (0, 40, 80 and 160 kg hal), and reported that the maximum NUE was
obtained with the rate of 106 kg N ha, which showed in this study that forages
evaluated did not showed potential to use efficiently additional N rates.

In a study with Brachiaria plantaginea, Sartor et al. (2011) tested two
N rates (200 and 400 kg ha') and two grazing intensities, and observed that
NUE with application of 200 kg N ha! (30.9 kg DM kg*! N) was three times
higher when compared to 400 kg N hat applied, which showed a NUE of 10.4
kg DM kg N. Obour et al. (2017) studied the application of different N rates (0O,
45, 90, 135, and 180 kg ha™) in Panicum virgatum, and verified that the NUE
decreased linearly with the increase of N rate. These authors reported that the
NUE decreased from 46 kg kg™ N applied at 45 kg N ha™ to 22 kg kg™ N
applied when fertilized with 180 kg N ha™.

Towsend (2008) evaluated NUE in P. guenoarum, P. notatum and P.
lividum species subjected to different N rates (0, 60, 180 and 360 kg ha), and
observed that NUE ranged from 47 to 11 kg DM kg N for P. notatum Bagual,
with 60 kg of N and P. guenoarum Baio, with 360 kg of N applied, respectively.
In addition, this author reported that the maximum NUE was observed with N
rates between 60 and 180 kg ha' yrl. Therefore, to provide sufficient N to
supply the growing demand for food and maintain a safe environment, the N
fertilizer should be used with care while seeks to improve the NUE of the plants.

1.2.5. Nitrogen fertilizer and environmental problems

Some underprivileged populations in the world have difficulties to
food produce because there is not enough N to supply to the crops. On the
other hand, in certain regions of our planet, this nutrient is supplied to crops in a
much larger quantity than is necessary. In these situations, the N becomes a
pollutant, because its presence in excess causes a series of reactions and
processes extremely harmful to the environment, and to the health of the
populations (Martinelli, 2007).

When N fertilizer is added in the field, part of N is uptake by the plant
and eventually reaches our table in the form of food. Unfortunately, plants are
not able to uptake all the N that is applied to the soil, and part of this nutrient will
be lost to water bodies and/or atmosphere (Matrtinelli, 2007). Lost N can have
negative impacts on the quality of air and water, as it is associated with the
formation of atmospheric pollution, global warming effects and depletion of
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stratospheric ozone, and negatively affects the quality of groundwater and
surface water (Schroder, 2014).

Nitrogen undergoes various transformation processes in soil. The
main loss pathways are (i) leaching, predominantly nitrate (NOs’) but also
occasionally ammonium and soluble organic N; (ii) denitrification, resulting in
emissions of nitrous oxide (N20), nitric oxide (NO), and dinitrogen (N2) gases;
and (iii) volatilization with ammonia (NHs) losses (Ladha et al., 2005; Schréder,
2014; Verhulst et al., 2015).

Leaching of NOs™ to the surface waters causes the phenomenon of
eutrophication, which promotes a high algae production (Verhulst et al., 2015).
After death of these algae, the decomposition process begins. Decomposing
organisms use oxygen (O2) dissolved in water to obtain the energy required by
the decomposition process. The lack of dissolved O: causes a series of
chemical and biological changes. Most known is fish mortality that regularly
occurs in rivers, bays and estuaries (Martinelli, 2007).

The magnitude of the loss of N by leaching (NOs) to groundwater
depends on soil characteristics, management practices, and climatic conditions.
The time taken by NOs" to move from the root zone to the water table may vary
considerably. In sandy soils characterized by high percolation rates and shallow
water tables and with high rates of fertilizer application, NOs™ may reach the
water table in a matter of days with irrigation or rainwater. Conversely, in heavy
soils with deep water, low rainfall and low rates of N application create
conditions whereby NOs™ may take more time to reach the groundwater (Ladha
et al., 2005).

Water contamination by the NOs is slow and gradual, and the
increase in NOs™ concentration is usually only perceived when it reaches critical
levels that are detrimental to human health (Carvalho and Zabot, 2012).
Concentrations of NOs™ in water for human consumption may not exceed the
potability values of 10 mg L, established by Ordinance No. 2,914 of the
Ministério da Saude (Brasil, 2011). High concentrations of NOs™ in water for the
human consumption may cause thyroid gland dysfunction, carcinogenic
nitrosamines and nitrosamides production, and in babies a decrease in the
ability of the blood to carry O2 known as methemoglobinemia (Fernandes et al.,
2017).

In a study conducted in the Médio Alto Uruguai region of southern
Brazil, Fernandes et al. (2017) evaluated the relationship between total N rates
applied annually via organic fertilizers (pig manure and poultry litter) and
chemicals in perennial pastures, and the concentrations of mineral N found in
soil, pasture, and leached water. Positive correlation (r = 0.49) was observed
between the amount of N applied via fertilizer and the NO3s content in the
leached water. For the authors, this correlation demonstrates the great polluting
potential of the excess application of fertilizers in perennial pastures of the
Médio Alto Uruguai region, which may be compromising the quality of the water
resources.

Also, about environmental aspects, use N fertilizers contribute to the
production of greenhouse gases during its manufacture, when natural gas is
combined with atmospheric N2 to produce ammonia and carbon dioxide (COz).
Following application, N fertilizer also stimulates soil bacteria to emit nitrous
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oxide (N20), which favors the emission of this greenhouse gas, which affects
global warming (McSwiney et al., 2010). N2O is emitted in less quantity than the
other gases of greenhouse effect, nevertheless, it has a global warming
potential 296 times higher than the CO2 molecule (Costa et al., 2009).

Another important aspect about N fertilizers is the loss of N in the
form of ammonia (NHs), known as volatilization. The main loss occurs through
N ureic and can reach 70% of the applied fertilizer. The higher inefficiency of
urea applied to the surface arises from the volatilization of NHs due to the
hydrolysis of urea by the enzyme urease (Costa et al., 2009; Doe, 2013). NH3
may cause a risk to human health when concentrations reach critical levels,
because when large quantities are released into the atmosphere, they interfere
with air quality and can cause respiratory problems (Rotz et al., 2014).

According to Martinelli (2007), this N duality — extreme need versus
pollutant effect is one of the biggest challenges that humanity will have in the
next decades. Especially if N is considered a limiting factor in agriculture and
based on the law of supply and demand, N becomes a commodity.

1.2.6. Grass-legume mixture in pastures

Biological N fixation (BNF) by legumes is a spectacular biological
phenomenon in nature and its importance for adding N to agricultural systems is
enormous. Similarly, the contribution of biological N fixation to reducing costs of
crop production and maintaining soil quality is of paramount importance
(Fageria and Baligar, 2005). Use of N2 fixing legumes species to replace fossil
fuel-based N fertilizers exemplifies a convergence of agricultural and energy
sustainability (Ashworth et al., 2015).

There are several advantages to cultivating grass—legume mixtures
in pastures. Legumes have the capacity of BNF, which can be used by the
grass. This may compensate for the need annual of N application in the grass.
The mixtures are also more productive and have higher nutritive value than
grass alone. In general, grass—legume mixtures will usually result in better
forage production and animal performance than a single species grown alone
(Tekeli and Ates, 2005; Barcellos et al., 2008; Luscher et al., 2014).

In research conducted with several species of grasses and legumes
mixture, Sanderson et al. (2010) reported that CP content was positively
correlated with proportion of legumes and negatively correlated with proportion
of grasses when evaluating the two types of species mixed. The NDF content
was positively correlated with the proportion of grasses in the mixture. These
relationships between the nutritive value and the proportion of species in the
mixture follow the trend that legumes have a higher CP and lower NDF content
than grasses. Ergon et al. (2016, 2017) evaluated grasses (Lolium perennial
and Festuca arundinacea) and legumes (Trifolium repens and T. pratense) in
pure and mixture stand and observed that the mixture provided higher intra-
annual yield stability and nutritive value compared to the pure stand. For the
authors, this result can be because grasses and legumes utilize growth
conditions differently during the consecutive growths, as they have different
seasonal patterns of stem formation and reproductive development.
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There are some problems with legume cultivation, which limits its use
by producers. Mostly market demand is often weak, at least initially, so that
seed companies are reluctant to invest in a new crop. Even when there is
demand, it is often for such small quantities that retailers cannot justify carrying
inventory. Legumes typically require greater amounts of phosphorus (P) and
potassium (K) fertilizer, the costs of which have increased drastically over the
past years. Thus, the reduction in N fertilizer cost can be nullified by increased
cost with limestone and P and K fertilizer (Butler and Muir, 2012). In addition,
legumes seed prices it tends to trend in stride with the price of N; that is, when
the price of N increases, so does the price of legume seed (Biermacher et al.
2012).

Mixture management is more complex than pure pasture since it
includes effects such as competition between species and animal selectivity
over components in the community (Barcellos et al., 2008). In general, failure to
adopt and use mixtures is attributed to the low legumes persistence, which in
many cases is associated with lack of specific or efficient management
techniques and inadequate fertilization for these pastures (Aroeira et al., 2005).
Thus, establishing grass-legume mixtures, not only requires selection of
adapted species that are compatible, but also optimum proportions between
different species in the mixture (Adjesiwor et al.,, 2017), determining the
persistence and contribution of the legumes to the soil-plant-animal system.

According to Biermacher et al. (2012) it is important to reemphasize
that currently, managing synthetic N sources is relatively simple for most
producers. In fact, this activity usually only requires producers to request that a
local fertilizer dealer apply the N in their pastures, or the producers themselves
perform such activity. Legume systems require additional management by
producers, such as which legume species are ideal for their locality and mixture
management strategies (Butler and Muir, 2012). Tekeli and Ates (2005)
reported that the choice of what species to grow on a mixture should be based
on (i) species adaptation to the site, (ii) species response to the grazing system,
(i) potential forage yield and seasonal distribution, (iv) nutritional value, and (v)
persistence.

The amount of N fixed by the legume varies with species and
environmental conditions. Soil acidity, salinity, deficiency or excess of minerals,
water stress, variations in temperature, amount of inorganic N in the soil, pests
and diseases influence in the BNF. The lower N in the soil will resulted in
greater proportion of N for plant derived of BNF, which will be above 85%
(Barcellos et al., 2008). The amount of N available from legumes depends on
the species of legume grown, the total biomass produced, and the percentage
of N in the plant tissue. Cultural and environmental conditions that limit legume
growth, such as a delayed planting date, poor stand establishment, and drought
will reduce the amount of N produced. Conditions that encourage good N
production include getting a good stand, optimum soil nutrient levels and soil
pH, good nodulation, and adequate soil moisture (Hirel et al., 2011).

Nitrogen transfers will occur below and above of soil surface through
by the N excretion in the rhizosphere of the legume, roots and nodules
decomposition, mycorrhizal connection of the grass roots with those of legume,
and/or by the action of fauna of the soil on roots and nodules of the legume. In
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the soil surface will occur by the litter decomposition of surface leaves
(Barcellos et al., 2008).

Legumes have roots that, especially in the case of perennials, allow
them to penetrate deeper into soil profiles in search of moisture and nutrients.
Generally, their disadvantages include slow recovery from herbivory, less seed
production and poor seedling vigor compared with most grasses. Grasses have
fibrous root systems that give them an advantage when competing for shallow
moisture and soil nutrients. They also tend to establish more easily, grow more
rapidly and recover from grazing more quickly. Only when soil N is low are
grasses at a disadvantage relative to legumes (Muir et al., 2011).

According to Reis et al. (2006) some points should receive a greater
focus of the research with the objective of using more BFN in grasses. Among
them are: (i) genotype selection, due to the existence of variability between
them; (i) knowledge of which bacterium or group should be the best
combination with the most promising genotype; (iii) environmental factors
related to process efficiency, such as temperature, humidity, luminosity, N
availability in the soil, association with other microorganisms and interaction
with native microflora; (iv) modifications in both the plant and bacterium, for the
improvement of this association.

Barcellos et al. (2008) reported that even with an important
contribution for cattle production in pasture and studies already carried out by
different teaching and research institutions, use of legumes in pastures in the
Brazil is still limited. Thus, to change this situation the use grass-legume mixture
should generate the perception of low risk and low-cost technology. Therefore,
adoption should be based on knowledge of the potentials and limitations of the
cultivars and the detection of the best opportunities for inclusion in production
systems, to maximize the use of this technological option.

1.2.7. Legumes characteristics used in the research

White clover (Trifolium repens L.)

White clover is a widely distributed legume species in the world. It is
originating in the countries of the Eastern Mediterranean or Asia Minor. Its
dispersion to other continents was associated with colonization and presence of
grazing domestic animals. It is a constituent of the flora of all the continents,
which confirms its wide distribution (Carvalho et al., 2010). It is characterized as
a glabrous, creeping and stoloniferous plant. It grows close to the saill,
expanding through vigorous stolons, which lengthen and form roots at nodes
when the soil has moisture (Dall’Agnol and Scheffer-Basso, 2004).

It's a plant of temperate climate, does not tolerate high temperatures.
It develops well in neutral soils and in those that contain high level of organic
matter. It's tolerant to frost and shading (Fontaneli et al., 2009). Temperature
suitable for growth is between 20 and 25 °C. In general, it shows a slower
growth than temperate grasses at temperatures below 10 °C, and faster at
temperatures above 20 °C (Carvalho et al., 2010). It presents low tolerance to
acid soils preferring clayey and corrected soils or with pH around 6.0 with good
fertility, and humidity to enable its establishment and persistence (Dall’Agnol
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and Scheffer-Basso, 2004; Scheffer-Basso et al., 2005). Phosphorus and K
applications are required annually for legume maintenance (Carvalho et al.,
2010). The sowing season of the white clover is from March to June. It can be
sown in pure stand, mixture with grasses or overgrown in native pastures
(Carvalho et al., 2010). It can be sown with ryegrass, red clover, birdsfoot trefoil
and tall fescue (Fontaneli et al., 2009).

White clover has gems in its stolons that can develop into
ramifications or floral buds. Therefore, even with intense grazing or frequent
cuts, in the season of intense flowering there is seed production, because the
stolons are at soil level, and for maturation of the seeds are necessary only 20
to 30 days in hot periods (Paim and Riboldi, 1994). According to Brink et al.
(1999) greater proportion of stolon nodes that produce branches and become
rooted are examples of mechanisms that improve vegetative persistence of
ecotypes in heat and drought stressed environments subject to frequent
defoliation. In addition, the ability to produce an abundance of seeds under
continuous stocking can be an additional persistence mechanism. The
importance of the stolon is related to the persistence of the plant, since the
permanence of the clover in the pasture results of the continuous stolons or
seeds production (Bortolini et al., 2006).

White clover develops stolons near soil surface which provide
tolerant to intense defoliation, since its growth points are protected of the
grazing. Thus, this legume under intense grazing in association with other
species such as ryegrass or birdsfoot trefoil prevails in the mixture. In this case,
when it becomes the main component of diet of the animals, its high content of
degradable proteins may be providing conditions for ruminal bloat (timpany)
occurrence (Carvalho et al., 2010).

White clover is one of the most important forage legumes of winter
production, mainly for direct grazing in humid temperate and subtropical regions
(Paim and Riboldi, 1994). It presents good forage yield and high nutritional
value (Dall’Agnol and Scheffer-Basso, 2004), and is used under continuous
stocking, since it is adapted to produce under conditions of intense defoliation,
increasing protein content of the forage harvested by the animals (Carvalho et
al., 2010).

According to Brink et al. (1999) white clover is a vital component of
permanent pasture systems in New Zealand and Great Britain, contributing to
greater animal performance and reduced reliance on N fertilizer. In Rio Grande
do Sul (RS) State, is most used legume species in the improvement of natural
pastures (Scheffer-Basso et al., 2005), as well as in pastures mixture for the
use grazing during winter and spring.

In years with regular rainfall distribution, the white clover behaves as
a perennial species. However, in years with water deficiency during the hot
period, many plants die and the survival of stolons is reduced and can behave
as an annual species. High temperatures restrict its growth and production,
which requires a good water supply (moisture) for normal growth (Paim and
Riboldi, 1994, Dall’Agnol and Scheffer-Basso, 2004).

In subtropical conditions this species has its persistence
compromised by the occurrence of hot and dry summers. This promotes high
mortality of stolons, which delays growing in fall (Scheffer-Basso et al., 2002). In
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study with white clover accesses in two RS physiographic regions, Schneider et
al. (2011) reported that it is possible to select more productive and persistent
genotypes in summer conditions. For these authors, plants selection able to
survive in unfavorable conditions in hot season could improve the yield and
increase the period of use of this forage species, specifically in hottest regions.
White clover has great capacity of fixing of atmospheric N2 and the amount of
N2 fixed can reach more than 500 kg hat yr! (Assmann et al., 2007). Enriquez-
Hidalgo et al. (2015) evaluated white clover in a mixture with perennial ryegrass
(Lolium perenne) subjected to different N rates (0, 60, 120, 200 and 240 kg N
ha') and observed a variation in N2 fixation from 52 to 291 kg N hal, which
decreased when N rates increased.

In a study carried out in Depressao Central region of RS, Rocha et
al. (2007) obtained a production for the white clover in a pure stand of 3,054 kg
DM hal. On the other hand, in Planalto Médio region of RS, when the species
was sown in a mixture with tall fescue (Festuca arundinacea) and ryegrass
(Lolium multiflorum), Scheffer-Basso et al. (2002) verified a production of 6,000
kg DM ha for cv. Yi. According to the authors, the rainfall that occurred during
spring-summer contributed for performance of the species (stolons expansion),
and consequently provided a reduction in weeds presence. In well-balanced
mixture of white clover and grasses, the average daily gains of growing cattle
may be greater than 1,200 g animal? (Carvalho et al., 2010). According to
Fontaneli et al. (2009), when this legume constitutes perennial winter and
summer pastures, estimates of animal performance range from 300 to over 760
kg ha! of live weight gain.

Birdsfoot trefoil (Lotus corniculatus L.)

Birdsfoot trefoil has a natural distribution in Western Europe and
North Africa, and secondary distribution in the Northeast and Midwest of the
United States, Southeast Canada, Southern Latin America, Eastern and Central
Europe, and parts of Asia (Carvalho et al., 2010). In Brazil, species is cultivated
in the South region, where the subtropical climate is more appropriate for its
development and the production cycle is concentrated in the spring-summer
season (Scheffer-Basso et al., 2011). It is characterized as a perennial and
glabrous plant with pinnate leaves composed of three apical leaflets and two
distal basal leaves. It has branching and pivoting root system (Fontaneli et al.,
2009).

It is a forage legume that presents versatility (grazing, hay), acidity
tolerance and lower requirement of soil fertility when compared to other
temperate legumes (Soster et al., 2004; Scheffer-Basso et al., 2005). Contain
secondary metabolites named “condensed tannins” that appear to prevent
ruminal bloat by acting as protein precipitants in the rumen (Dalrymple et al.,
1984). Thus, cases of ruminal bloat are rarely reported, even in pastures
dominated by the birdsfoot trefoil. Although it is not very demanding with
respect to soils, it responds to the fertility correction, especially P. It is tolerant
to pH below 6.0 up to 4.8 (Carvalho et al., 2010).

Birdsfoot trefoil has cold tolerance and prefers climates from cold
temperate to medium temperate with frost resistance. However, it presents
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better adaptation in temperatures around 24°C. It is very well adapted to most
of the soils and RS regions, especially in the most drought regions. For this
reason, it is one of the preferred legumes for the Campanha region of RS
(Scheffer-Basso et al., 2002). Its tolerance to water deficiency derives from its
pivoting roots system that deepens in the soil seeking water in deeper layers
(Carvalho et al., 2010).

It is a species of erect growth. Thus, their management should be
done with care to maintain a larger area of leaves and avoid the removal of
growth points, which are mostly well above the soil surface. Its height can vary
between 50 and 80 cm not grazing (Carvalho et al., 2010). It is widely used for
hay production, demanding 7-10 cm stubble height to not harm regrowth. The
most intense growth of the birdsfoot trefoil is from the middle of July to
November. It has low shading tolerant and is harmed in mixture with tall species
and with high biomass production (Fontaneli et al., 2009). In the grazing
situation, canopy persistence depends on the management to ensure the
natural sowing and/or establishment of new plants (Scheffer-Basso et al.,
2011).

The sowing season of the birdsfoot trefoil is from April to June and
can be established by broadcast or in rows 20 cm apart (Fontaneli et al., 2009).
It presents a slow establishment and reaches its maximum production only after
one year (Carvalho et al., 2010). In this context, Silveira et al. (2015) evaluated
different sowing densities: 0, 50, 100, 150 and 200% more than recommended
amount of seed (6 kg ha?), in a mixture with ryegrass (Lolium multiflorum), both
overgrown in pasture African star (Cynodon nlemfuensis). These authors
observed that use of 150 and 200% more than recommended sowing density of
the birdsfoot trefoil increases its forage production but does not affect the total
forage production of the mixture.

According to Fontanelli et al. (2009) birdsfoot trefoil can produce from
15,000 to 19,000 kg ha* of green fodder, which corresponding to about 4,000 to
6,000 kg DM hal. In New Zealand, Ramirez-Restrepo et al. (2006) reported in
a dryland commercial farming system characterized by soil moisture stress in
summer that birdsfoot trefoil cv. 'Grasslands Goldie' growing in a moderately
fertile and acidic soil exhibited similar levels of seasonal and total dry matter
production to that of perennial ryegrass/white clover over 3 years, with both
forages averaging 8,000 DM ha yrl. The annual production of birdsfoot trefoil
ranged from 5,300 to 8,500 DM hal. However, field observations suggested
that the agronomic performance of birdsfoot trefoil in the last year decreased
due to reduced plant population because of the grazing frequencies and/or
grazing intensities used.

Scheffer-Basso et al. (2002) evaluated the birdsfoot trefoil in a
mixture with tall fescue (Festuca arundinacea) and observed that legume is a
good option for forage production, since it accumulated in 91 days, about 3,500
kg DM hal, and by the lower weeds amount in summer and fall season. Rocha
et al. (2007) reported a production of 6,627 kg DM ha™ in the Depressao
Central region of RS.

Alison and Hoveland (1989) evaluated the dry matter yield and
digestibility of the birdsfoot trefoil subjected to harvest intervals of 21, 28 and 42
days. These authors verified that the digestibility was not influenced by the
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harvest intervals and ranged from 70.3 to 76.7%, whereas the dry matter
production presented was 5,420, 7,880 and 9,850 kg hal for the harvest
intervals of 21, 28 and 42 days respectively. In a study with different birdsfoot
trefoil genotypes, Soster et al. (2004) reported that the legume presented
content of 11.2% to 25.5% of CP, 51.8 to 65.5% of NDF and 17.1 to 41.8% of
FDA, which vary due to physiological stage during the productive cycle.

1.2.8. Use of legumes x nitrogen fertilizer

The shared ambition of societies all over the world is to produce
more food, fiber, biofuel and other raw materials without a proportional increase
of inputs such as N and land. Currently, if the use of mineral fertilizer N had to
be replaced by N fixing legumes, up to twice as much arable land would be
needed to grow these N fixers. On the other hand, industrial N fixation hardly
consumes scarce land but depletes fossil fuel reserves by using, yet, around
one cubic meter of natural gas per kilogram N (Schréder, 2014). According to
Luscher et al. (2014) industrial production of each kg of inorganic N emits 2.25
kg of CO2. Legumes offer a big advantage because the entire C needed for
symbiotic N2 fixation comes directly from the atmosphere via photosynthesis
and, thus, they are considered to be “greenhouse gas neutral’.

Over the past several years, prices synthetic sources of N have
trended increasingly higher. With these higher prices, producers are searching
for alternative strategies for managing N fertilizer requirements for their
pastures (Biermacher et al., 2012). In this case, biological N fixation by legumes
incorporated in to grass pastures could be a good alternative to replace the use
of synthetic N fertilizers, and to provide a sustainable production of forage with
high nutritional value (Interrante et al., 2012).

According to Brennan and Evans (2001) the economic benefit of a
legume-derived N compared to synthetic N fertilizers depends on the legume of
choice and the cost of the N fertilizer during time of assessment. Some
researches have been conducted with the purpose of evaluating the agronomic
performance and economic cost of different species of grasses in mixtures with
legumes or fertilized with N synthetic.

Assmann et al. (2004) evaluated the effect of N rates on a ryegrass
(Lolium multiflorium) and oat (Avena strigosa) pasture with presence and
absence of white clover (Trifolium repens) in a crop-livestock integration
system, and observed that the accumulation daily dry matter, dry matter yield,
stocking rate and live weight gain per hectare were positively influenced by the
increase in applied N rates. In addition, the authors reported that the mixture
between grasses with white clover allows the increase of the grazing period and
consequently results in better animal performance.

Enriquez-Hidalgo et al. (2015) evaluated perennial ryegrass (Lolium
perenne) in pure stand or mixture with white clover (Trifolium repens) subjected
to different N rates (0, 60, 120, 200 and 240 kg ha™) for three years. These
authors observed that the presence of white clover in the swards increased total
herbage harvested across all N application rates. An increase of 1% in white
clover content represented a 174 kg DM ha! increase in herbage harvested.
However, the application of N fertilizer reduced the potential of white clover to
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compete with the mixture grass. Every 1 kg of fertilizer N applied reduced the
white clover yields by 9.9, 8.2 and 6.3 kg DM ha! in 2011, 2012 and 2013,
respectively.

In a study evaluating the nutritive value of forage and the animal
production in mixture of Coastcross and forage peanut, with or without N,
Barbero et al. (2010) reported that the nutritive value of mixture pastures
without the addition of N is lower than that pasture fertilized but is satisfactory
for good animal performance. According to the authors, the production by area
and animal is impaired in pastures that do not receive N through mineral
fertilization; however, mixture is an alternative for the beef production, for
minimize the use of inputs and decrease the production costs.

Martuscello et al. (2011) evaluated Brachiaria decumbens with N (50
and 100 kg ha?l) or in mixture with legumes (Stylosanthes guianensis cv.
Mineirdo and Calopogonium mucunoides) and concluded that the use of S.
guianensis in mixture with B. decumbens resulted in forage production similar
than that N fertilizer. According to the authors, these results show that the use
of S. guianensis can be an alternative for to replace the N fertilizer, which
represents economy with fertilization, as well as improve forage quality for the
animals, since the legumes have better nutritional value than grasses.

Adjesiwor et al. (2017) evaluated the nutritive value of mixture
between one grass (Bromus biebersteinii) with legumes (Medicago sativa,
Onobrychis viciifolia and Lotus corniculatus) compared to the use of N (0, 56
and 112 kg ha?) in grass. These authors suggested that mixture containing
legumes species will be more viable strategies for increasing CP concentration
than N application to grass monocultures. In addition, the mixture showed lower
concentrations of NDF and ADF than grass with or without N, and greater
digestibility when N was not applied.

According to Sanderson et al. (2009) using grass-legume mixtures
for grazing dairy cattle was more economical on a whole-farm basis and less
risky than grass + N pastures. The increased forage production from the
mixtures reduced purchased feed inputs. In all the pasture scenarios modeled,
increasing stand life of the pastures increased economic returns. Even with a
shorter stand life, the grass-legume mixture was more profitable compared with
a long-lived and lower yielding grass + N pasture.

Biermacher et al. (2012) evaluated the animal performance in three
N supply systems: bermudagrass (Cynodon dactylon) plus 112 kg N ha™,
bermudagrass interseeded with white clover (Trifolium repens) and hairy vetch
(Vicia villosa), and bermudagrass interseeded with alfalfa (Medicago sativa).
Under the conditions of this research, the authors observed a similar average
daily gain among the evaluated systems. However, the total gain per hectare
was higher in the bermudagrass + N system compared to the legume systems,
which was attributed to the greater number of grazing days performed in this
system.

Interrante et al. (2012) compared the agronomic performance of a tall
fescue—-legume (V. villosa, Pisum sativum and T. vesiculosum) system to a tall
fescue—N fertilizer (112 kg ha') system for cattle production and observed that
tall fescue—N system had 28% more total grazing days compared to the tall
fescue—legume (429 and 334 steer grazing d ha™', respectively). The greater
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number of grazing days in the tall fescue—N system was attributed to limited
production of the legumes due to competition with tall fescue during
establishment. On the other hand, average daily gain was similar between the
systems (0.69 and 0.71 kg per head d~', respectively). For the authors, the
greater forage quality associated with the legumes in the tall fescue—legume
system may have lessened the effect of less forage allowance, possibly
resulting in similar average daily gain between systems.

According to Crews and Peoples (2004) the energetic basis of N2
fixation in legume versus fertilizer-based systems is the greatest factor that
differentiates the sustainability of these two N sources. Nitrogen biologically
fixed by legumes is ultimately derived from solar energy, while fertilizer N
requires the use of non-renewable fossil fuels. As the uses of known
commercial energy resources are constrained in the next century due to global
warming or resource exhaustion, many countries may not be able to count on
an uninterrupted supply of energy or N imports due to poverty or political
conflicts.
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1.3. HYPOTHESIS AND OBJECTIVES

We hypothesized that Paspalum interspecific hybrids (Paspalum
plicatulum 4PT x P. guenoarum Azuldo and Baio) shows differences in
agronomic and nutritional characteristics when subjected to variable N
application rates or in mixture with temperate legumes.

The objectives of this thesis were: (i) to evaluate biomass yield (total
and leaf dry matter), N use efficiency, nutritive value (crude protein, neutral and
acid detergent fiber, and digestibility), cold tolerance and plant persistence in
hybrids of Paspalum plicatulum x P. guenoarum subjected to N application rates
and (ii) to compare biomass yield and nutritive value of the grass—legume
system to a grass—N fertilizer system. In addition, (iii) to select the best hybrids
for further steps within the breeding program.



2. CHAPTERII*
Agronomic Evaluation in Hybrids of Paspalum Subjected to Nitrogen
Fertilization or in Mixture with Legumes

1Prepared in accordance with the standards of the Agronomy Journal.
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Agronomic Evaluation in Hybrids of Paspalum Subjected to Nitrogen
Fertilization or in Mixture with Legumes
Core ldeas

e Nitrogen supply may affect agronomic performance in Paspalum
interspecific hybrids.

e The effect of N fertilizer on biomass yield, NUE, cold tolerance and
persistence was evaluated.

e Total-DMY, Leaf-DMY, cold tolerance and persistence were higher when
increasing N rates, while NUE was lower.

e Total-DMY for grass-legume mixture was similar to the N rates of 60 and
120 kg N ha™.
e Hybrid 1020133 had Total-DMY similar to Azuldao and Aruana, while
Leaf-DMY was greater than Aruana.
ABSTRACT
Studies on factors that may affect agronomic performance in hybrids
of Paspalum are needed to develop information about management decisions
and cultivar selection. The goals of this study were: determine dry matter yield
(DMY), cold tolerance, persistence and N use efficiency (NUE) in four hybrids of
P. plicatulum x P. guenoarum subjected to N rates, compare agronomic
performance of the grass—legume system to a grass—N fertilizer system and
select the best hybrid for further evaluations. Treatments consisted of a split-
plot arrangement of five N rates (0, 60, 120, 240, and 480 kg ha™! N), and one
grass-legume mixture (Trifolium repens + Lotus corniculatus) as whole plots,
and six genotypes (1020133, 102069, 103084, 103061, P. guenoarum ecotype
Azuldo and Megathyrsus maximus cv. Aruana used as controls) as subplots.
The experimental design was a randomized complete block, with three

replications. Higher N rates increased Total-DMY, Leaf-DMY, cold tolerance

and persistence but decreased NUE. Higher NUE is obtained between 60 and
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120 kg N hal. Total-DMY for grass-legume mixture was similar to the N rates of
60 and 120 kg N hat. Hybrid 1020133 had Total-DMY similar to the controls, as
well as Leaf-DMY greater than Aruana. Hybrid 1020133 showed greater cold
tolerance and exhibited greater NUE at 60 kg N ha*. Hybrid 1020133 should be
selected for new studies within our breeding program. There is opportunity to
increase grasses agronomic performance through N management and
genotype selection. Grass-legume mixture can be an alternative to replace the

application of N fertilizer.

Abbreviations: Total-DMY, total dry matter yield; Leaf-DMY, leaf dry matter

yield; NUE, nitrogen use efficiency.



36

2.1. INTRODUCTION

Livestock production depends largely on grasslands, which are the
main feeding system in tropical and subtropical regions (Pontes et al., 2016).
Solil fertility is an important factor in production and longevity of pastures in
grazing systems. Thus, when nutrient deficiency is a limiting factor in the soil,
application of synthetic nitrogen fertilizers or biological nitrogen fixation, in
addition to increasing yield may have a greater impact on persistence of forage
plants.

Nitrogen (N) is an important nutrient for plant growth, and therefore
for pasture productivity and persistence. It is a constituent of proteins that
actively participate in the synthesis of organic compounds, which make up the
structure of the plant in addition to maximizing the morphogenetic and structural
characteristics of the grass (Lavres Jr et al., 2004; Costa et al., 2013). Pasture
management techniques and breeding approaches to improve N use efficiency
(NUE) are required under both conditions that favor over-fertilization, for
example subsidized economies with high fertility, and systems where shortage
of N is chronic, for example semiarid and arid regions in developing countries
(Lemaire and Gastal, 2009). Several studies reported the positive effect of N
fertilizer on forage yield of different perennial warm-season grass (Towsend,
2008; Seepaul et al., 2016; Pontes et al., 2016). However, prices for synthetic N
sources have increased over the past several years, and these higher prices
may have influence profitability of forage/livestock producers (Interrante et al.,
2012). Industrial production of N fertilizer uses non-renewable reserves of fossil

fuels. Moreover, N losses can have negative impacts on the environment, as it
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is associated to global warming effects and contamination of groundwater and
surface water (Schréder, 2014).

Considering the high N costs, an alternative approach for increasing
production without additional N inputs and attendant to environmental
regulations is desirable. Grass-legume mixtures can be considered a viable
alternative to synthetic N fertilizer application to grass monocultures (Cox et al.,
2017). The use of N-fixing legumes in pastures to replace commercial N has
been reported by Interrante et al. (2012) with hairy vetch (Vicia villosa), field pea
(Pisum sativum) and arrowleaf clover (Trifolium vesiculosum), and by
Biermacher et al. (2012) with white clover (Trifolium repens), hairy vetch and
alfalfa (Medicago sativa). Forage legumes have the potential to transfer N fixed
to grasses and contribute to increase biomass yield and nutritive value of the
pasture (LUscher et al., 2014; Cox et al., 2017).

The grass genus Paspalum L. is an important forage constituent in
natural grasslands in South America (Chase, 1929), where presents a great
diversity of species and large area covered, which support the importance of the
genus for livestock production (Novo et al., 2016). Paspalum species have been
genetically improved in the United States, Brazil, and Argentina with the aim of
generating new forage cultivars for subtropical regions (Acufia et al.,, 2009;
Aguilera et al., 2011; Weiler et al., 2018). Plicatula group is a taxonomic
informal category within of the genus Paspalum, described by Chase (1929).
Particularly, P. plicatulum and P. guenoarum species were introduced to
cultivation and sown in other areas of the world. Because these species are

primarily tetraploid and apomictic, the released cultivars were selected from
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natural ecotypes and without any genetic improvement through breeding
(Aguilera et al., 2011).

The collection of a sexual diploid ecotype of P. plicatulum, and its
chromosome duplication resulted in the generation of a sexual tetraploid plant,
allowing new genetic studies of agronomic traits (Sartor et al.,, 2009).
Hybridization is one of the most prominent methods applied in forage grass
breeding (Fernandes et al., 2014), and has been the primary tool used for
improvement of Plicatula group species (Aguilera et al., 2011; Novo et al.,
2017). Previous studies reported that hybrids obtained have genetic potential
for some forage traits, such as dry matter production, cold tolerance (Motta et
al., 2016, 2017) and cattle preference (Novo et al., 2017).

Development of new cultivars with higher biomass yield and adapted
subtropical conditions can contribute to improve animal performance in these
regions. In addition, evaluating the response of these novel interspecific hybrids
under different N rates or in mixtures with legumes can provide information
about agronomic management decisions and can aid in cultivar selection.
However, quantitative information required for optimizing forage production in
interspecific hybrids of Paspalum subjected to N fertilization rates or in mixture
with legumes is incomplete and inadequate. The goals of this study were: (i)
determine total dry matter yield (Total-DMY), Leaf-DMY, cold tolerance, plant
persistence and N use efficiency (NUE) in four hybrids of P. plicatulum x P.
guenoarum subjected to N rates, (ii) compare agronomic performance of the
grass—legume system to a grass—N fertilizer system in subtropical conditions,

and (iii) select the best hybrid for new steps within the breeding program.
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2.2. MATERIAL AND METHODS
Experimental design

The study was conducted in at the Agronomic Experimental Station
of the Federal University of Rio Grande do Sul (UFRGS), Rio Grande do Sul
State, Brazil (30°05°S, 51°40°'W, 46 m asl). The experiment was planted in
December 2014, and treatment imposition and data collection were conducted
from September 2015 to May 2017. The climate in the region is classified as
subtropical humid (Cfa according to Kdppen classification). The minimum and
maximum monthly temperature for the last 40 years varied between 8.5°C (July)
to 30.2°C (January) respectively. The average annual precipitation was
approximately 1450mm (Bergamaschi et al., 2013). Irrigation was applied until
the soil was saturated after planting and as needed afterwards to maintain plant
growth. The average monthly minimum and maximum temperature and rainfall
during the conduction of the study are presented in Table 1.
Table 1. Average monthly minimum (min)-maximum (max) temperature (°C)

and rainfall (mm) during the experimental period (September 2015-May 2017)
compared to 40—yr average (1970-2009).

Temperature (°C, min—max) Rainfall (mm)

Month 2015 2016 2017 A0-yr 2015 2016 o017 A0y

avg. avg.
Jan. 21.3-32.0 21.3-31.3 19.3-30.2 109 197 106
Feb. 21.8-31.8 22.4-32.2 19.0-29.4 139 51 106
Mar. 19.5-27.8 19.4-29.1 18.0-28.2 302 166 102
April 19.3-27.1 17.0-25.9 14.5-25.2 216 115 110
May 12.3-19.6 15.6-22.8 11.2-21.8 73 180 108
June 8.3-16.4 8.7-18.6 7 154
July 10.4-20.1 8.5-18.7 151 144
Aug. 12.1-22.0 9.7-20.2 99 134
Sept.  13.8-22.1 12.4-22.0 11.2-21.4 184 91 142
Oct. 15.4-23.6 15.5-24.8 13.8-24.0 307 192 129
Nov.  17.5-25.7 15.9-27.5 15.4-26.6 124 104 109

Dec. 20.2-29.0 20.0-30.9 17.5-29.0 100 128 111
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The soil at the experimental site was classified as Dystrophic Red
Argisol. Soil analyses were conducted before starting and during the completion
of the experiment (Table 2). Soil samples were collected at 0 to 15-cm depth
across all the treatments and then bulked and sent to Soil Analysis Lab—
UFRGS.

Table 2. Chemical characteristics of soil before starting and during the
accomplishment of the experiment.

vear Clay |-F|)2|-(|) OM P K H+Al Al Ca Mg CEC izste S/;'t_
g kg? gkg! mgdm=3 cmolc dm-3 %

* 220 55 150 89 105 25 00 24 10 62 60 00

1 260 53 140 150 72 28 01 28 11 68 59 24

2 190 52 170 150 108 39 02 25 08 7,5 48 53

*Soil analysis before starting experiment (2014); Soil analysis during the first year of the
experiment (2015/16); 2Soil analysis during the second year of the experiment (2016/17).

The experiment consisted of 108 plots arranged in a split-plot under
a randomized complete block design with three replications. Treatments were
five N rates (0, 60, 120, 240, and 480 kg ha™ N), and one grass-legumes
mixture (no N application) as whole plots, and six genotypes as subplots. For
the grass-legume mixture, two legumes species were sown: white clover
(Trifolium repens L.) cv. BRSURS Entrevero and birdsfoot trefoil (Lotus
corniculatus L.) cv. URSBRS Posteiro at a rate of 8 and 20 kg seed ha™,
respectively.

The germplasm evaluated included four Paspalum apomictic
interspecific hybrids (“1020133”, “102069”, “103084” and “103061”), Paspalum
guenoarum ecotype “Azulédo” and Megathyrsus maximus cv. “Aruana”, used as
controls. Hybrids 1020133 and 102069 resulted from a cross between P.
plicatulum ecotype “4PT” and P. guenoarum ecotype “Azuldo”, while hybrids

103084 and 103061 resulted from a cross between P. plicatulum ecotype “4PT”

and P. guenoarum ecotype “Baio”. Hybrids 1020133, 102069, 103084 and
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103061 were selected because presented good forage performance in different
edaphoclimatic conditions (Saraiva, 2015). Ecotype Azuldo is native in the
subtropical and temperate regions of southern Brazil, Argentina and Paraguay
(Steiner et al., 2017), and was indicated as a male parent in hybridization with
sexual plants due to good forage performance (Pereira et al., 2012). Aruana is a
perennial grass used in intensive beef production systems in Brazil (Fernandes
et al., 2014). The seedlings of the genotypes were transplanted in pure stands
in six rows (10 seedlings row?) with 20 cm apart (2.4 m? plot size). Replanting
was performed for dead seedlings. Weeds were manually removed from the
plots (once) to reduce competition.
Crop management and data collection

In September 2014, plots were fertilized with 80 kg ha?l of
phosphorus (P) and 60 kg ha? of potassium (K). In 2015, plots were fertilized
with 60 kg hat of P and 60 kg ha! of K. In 2016, plots were fertilized with 210
kg ha? of P and 210 kg ha of K. The N rates (as ammonium sulfate) were
supplied during the spring and summer divided into four applications per year.
Liming, as well as P and K doses were performed according to the soil analysis
for warm-season grasses following the recommendations of the Soil Chemistry
and Fertility Commission—RS/SC, Brazil (CQFS, 2004). In January 2015, the
experimental site received N fertilization at 60 kg N ha™ to guarantee the
establishment of the seedlings. In April 2015, plots were harvested to sow the
legumes species, which had their seeds inoculated and pelleted. The legumes
were established by broadcast on April 17, 2015 and March 30, 2016 between

the rows of grass.
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Two different forage management practices related to stubble height
were considered for the experiment: the first began in September 2015 and
ended in April 2016 (subsequently called year 1); the second began in
September 2016 and ended May 2017 (subsequently called year 2). In year 1,
plots were harvested at 10-cm stubble height when the higher N rates (240 and
480 kg ha) reached 35-cm. In year 2, plots were harvested leaving a 15-cm
stubble height when genotypes reached 30-cm in each treatment. The harvest
criterion was modified because 10-cm stubble height was impairing regrowth.
With this change, most of the genotypes reached 30-cm tall with a light
interception of 95%. In both years, biomass yield was evaluated from two
representative samples per subplot (square 0.25 m?).

Forage samples were manually separated into leaf blade, stem + leaf
sheath, inflorescence and dead material fractions. The grass-legume treatment
was separated by the same components previously mentioned, in addition each
legume species (birdsfoot trefoil and white clover). Samples were dried at 60°C
in a forced-air oven for 72 h and then weighed. Total-DMY, Leaf-DMY and
Legume-DMY were calculated as the sum of all harvests per plot in each year
of the experiment. The number of tillers (tillers m?) was evaluated from two
representative samples per experimental unit (square 0.0625 m?) and was
always counted at a point representative of the harvest area.

Nitrogen use efficiency (NUE, Kg DM kg N applied) was calculated
according to the following equation NUE = (yield fertilized plot — vyield
unfertilized plot)/ (applied N rate). Cold tolerance was visually estimated on 14

June and 22 July 2016 after frost events, with temperatures of 2°C, using a 1 to
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5 scale, where 1 = the least cold tolerance, and 5 = the greatest cold tolerance.
In addition, a scoring system from 1 (few plants present) to 5 (fully covered with
plants) to was used to assess the persistence of the genotypes in the plots after
2 years of harvesting.
Data analysis

Data were analyzed using linear models on R statistical software (R
Core Team, 2015). Analysis of variance (ANOVA) was performed for all
variables to test the statistical significance of the main factors and their
interactions: block, N rate, and genotype. The graphs were created using the
package ggplot2 in R (Vu, 2011). A Tukey-HSD test was used to separate

treatment means at P = 0.05 using the Ismeans package (Lenth, 2016) in R.

2.3. RESULTS
Total-DMY and Leaf-DMY

Significant genotype x N rate interaction (P < 0.001) effect was
observed for Total-DMY in year 1. There was not difference among genotypes
at 0, 60 and 120 kg N ha* (Figure 1a). In the N rates of 240 and 480 kg N ha,
hybrids 1020133 and 102069 had greater Total-DMY than hybrid 103061 but
were not statistically different from hybrid 103084, Azuldo and Aruana. In the
grass-legume mixture, hybrid 1020133 showed greater Total-DMY than Azul&o;
however, was not different than the other genotypes.

There was a genotype x N rate interaction (P < 0.05) effect on Leaf-
DMY in year 1. The genotypes showed similar Leaf-DMY when fertilized at O,

60 and 120 kg N ha or in mixture with legumes (Figure 1b). At the N rate of
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240 kg N hat, hybrid 102069 showed higher Leaf-DMY than hybrid 103061 and
Aruana but did not differ from hybrids 1020133 and 103084 and Azuldo.
Hybrids1020133 and 102069 when fertilized with 480 kg N ha? had greater
Leaf-DMY than hybrid 103061 but were not different from hybrid 103084,
Azuldo and Aruana.

The genotypes showed the greatest increased on Total-DMY and
Leaf-DMY following additional N rates, especially at 240 and 480 kg N ha™ in
year 1 (Figure 1la and 1b). Total-DMY of genotypes in the grass-legume mixture
was similar than N rate of 60 kg N ha, except for Azuldo. On the other than, all
genotypes in the grass-legume mixture showed Leaf-DMY similar to the control
(0 kg N ha) and lower than that additional N rates.
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Figure 1. Genotype x N rate interaction effects on (a) total dry matter yield and (b) leaf dry
matter yield of four interspecific Paspalum hybrids, P. guenoarum ecotype Azuldo and M.
maximus cv. Aruana in year 1.

Significant genotype x N rate interaction (P < 0.001) effect was
observed for Total-DMY in year 2. There was not difference among genotypes
at 0, 60 and 120 kg N ha! or in mixture with legumes (Figure 2a). However,
significant differences were found for Total-DMY among genotypes with

application of 240 and 480 kg N ha. Hybrid 1020133 had greater Total-DMY
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compared to the hybrids 103061 and 103084 but was not statistically different
from hybrid 102069, Azuldo and Aruana.

Genotype x N rate interaction (P < 0.01) effect was observed on
Leaf-DMY in year 2. The genotypes showed similar Leaf-DMY at 0 and 60 kg N
hat or in mixture with legumes (Figure 2b). At the N rate of 120 kg N ha?,
hybrid 1020133 and Azuldo had greater Leaf-DMY compared to the hybrid
103084 but were not difference than the other genotypes. In the N rate of 240
kg N hal, hybrid 1020133 exhibited a greater Leaf-DMY than hybrids 103061
and 103084 and Aruana but did not differ from hybrid 102069 and Azulao.
Hybrid 1020133 had greater Leaf-DMY than hybrids 103061 and 103084 when
fertilized with 480 kg N ha!; however, was not different than other genotypes.

In year 2, the genotypes had the greatest increased on Total-DMY
and Leaf-DMY when additional N rates of 120, 240 and 480 kg N ha' were
applied (Figure 2a and 2b). In this year, Total-DMY for all genotypes in the
grass-legume mixture was similar to the N rate of 120 kg N hat. However, Leaf-
DMY for all genotypes in the grass-legume mixture had Leaf-DMY similar to the
N rate of 0 and 60 kg N hal, except for hybrid 1020133.
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Figure 2. Genotype x N rate interaction effects on (a) total dry matter yield and (b) leaf dry
matter yield of four interspecific Paspalum hybrids, P. guenoarum ecotype Azuldo and M.
maximus cv. Aruana in year 2.
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Number of Tillers

There was significant interaction (P < 0.05) between genotype x N
rate for number of tillers in year 1. In the N rates of 0, 60 and 120 kg N ha,
hybrid 103061 had greater number of tillers than Azuldo but was not statistically
different than the other genotypes (Figure 3a). On the other than, when fertilized
with 240 and 480 kg N ha'%, hybrid 103061 showed higher number of tillers than
hybrid 103084 and Azuldo but did not differ than the other genotypes.

The N rate (P < 0.001) had an effect on number of tillers in year 2.
There was greater number of tillers with application of 480 kg N ha' compared
to the other treatments, except for N rate of 240 kg N ha* (Figure 3b).

In years 1 and 2, the higher N rates provided larger number of tillers,
especially N rates of 240 and 480 kg N ha (Figure 3a and 3b). For all
genotypes, the number of tillers in the grass-legume mixture was similar to the
N rate of 120 kg N ha'in year 1, whereas it was similar to the control (0 kg N
ha) and lower than other treatments in year 2.
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Figure 3. Genotype x N rate interaction effects on number of tillers in (a) year 1 and N rate
effect on number of tillers in (b) year 2.

Legume proportion on Total-DMY
Significant genotype (P < 0.05) effects was observed for legume

proportion on Total-DMY of the grass-legume mixture. In year 1, hybrid 103061
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(34%) had the greatest legume proportion on Total-DMY, and hybrid 102069
(25%) had greater legume proportion than hybrid 1020133 (16%) and Aruana
(11%) but was not different from hybrid 103084 (18%) and Azuldo (23%)
(Figure 4a). In year 2, hybrid 103084 (52%) had greater legume proportion on
Total-DMY than hybrid 1020133 (42%) and Azuldo (36%) but was not different
from hybrids 103061 (49%) and 102069 (45%), and Aruana (44%).

There was significant legume species (P < 0.001) effects for
Legume-DMY. In year 1, white clover (1874 kg DM hal) had greater DMY
compared to the birdsfoot trefoil (576 kg DM ha') (Figure 4b). In year 2, there
was an increase in DMY of white clover (3318 kg DM hat), while birdsfoot
trefoil (608 kg DM ha!) showed similar production to year 1.
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Figure 4. Legume proportion on (a) Total-DMY and (b) DMY of birdsfoot trefoil-BT and white
clover-WC in years 1 and 2.

Nitrogen Use Efficiency

The N rate (P < 0.001) had an effect on NUE in year 1. Higher NUE
was observed at 60 kg N ha™! compared to the other N rates (Figure 5a). There
was not difference between N rates of 120 and 240 kg N ha™! and these were
greatest than 480 kg N ha™. NUE decreased from 32 kg kg™ N applied at 60 kg

N ha™* to 5 kg kg ! N applied when fertilized with 480 kg N ha™.
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In year 2, there was a two-way interaction (N x genotype, P < 0.05)
for NUE. In the rate of 60 kg N ha, hybrid 1020133 (27 kg kg N) showed
greatest NUE than the other genotypes (Figure 5b). At the rate of 120 kg N ha,
hybrid 1020133 (34 kg kg N) and Azuldo (35 kg kg* N) had greater NUE than
hybrid 103084 (18 kg kg N) but were not different from Aruana (22 kg kg N).
At the rate of 240 kg N hat, NUE ranged from 16 kg kg N for hybrid 103061, to
26 kg kgt N (hybrid 1020133). In the rate of 480 kg N ha!, NUE ranged from 22
kg kg* N (cv. Aruana) to 12 kg kg* N for hybrid 103061. In general, NUE
increased from N rate of 60 kg N ha! to 120 kg N ha, and then decreased with
higher (240 and 480 kg N ha') N rates, except for Aruana (Figure 5b).
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Figure 5. Nitrogen rate effect on NUE in (a) year 1 and Genotype x N rate interaction effects on
NUE in (b) year 2.

Cold Tolerance

Main factors N rate and genotype had significant (P < 0.001) effect
on cold tolerance. Estimated visual scores ranged from 2.5 at 0 kg N ha! to 3.2
when fertilized at 480 kg N ha! (Figure 6a). Greater value of cold tolerance was
observed for N rate of 480 kg ha' when compared to the 0 and 60 kg N ha,
and grass-legume mixture; however, was not different than 120 and 240 kg N
hal. Average across genotypes, hybrid 1020133 had higher cold tolerance than

the other genotypes, except from hybrid 102069 (Figure 6b).
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Figure 6. Cold tolerance of four interspecific Paspalum hybrids, P. guenoarum ecotype Azuldo
and M. maximus cv. Aruana in response to (a) N rates or in mixture with legumes and (b)
genotypes during the winter in 2016.

Persistence

The N rate and genotype (P < 0.001) had an effect on persistence.
Estimated visual scores ranged from 3.4 at 0 kg N ha* to 4.9 when fertilized at
480 kg N ha* (Figure 7a). The higher scores of persistence were observed for N
rates of 240 and 480 kg ha' when compared to the control and 60 kg hat but
was not different than that 120 kg hal. Grass-legume mixture had persistence
similar to the other treatments, except for 480 kg ha?l. Average across
genotypes, hybrids 1020133 and 102069 showed higher persistence than
hybrids 103084 and 103061 but were not statistically different from Azuldo and

Aruana (Figure 7b).

a) b)
5 5
s == &
+

4 4 T
3 Fertilizer 9 Genotype
g, i 23 | 102075
o 60 2z 102069
] 120 o 103061
5 4o 5 Aragna
&2 Leg &2 Azulao

1 1

0! 0"

0 60 120 240 480 Leg 1020133 102069 103061 103084 Aruana  Azulao
Nitrogen rate - kg N/ha Genotype

Figure 7. Persistence of four interspecific Paspalum hybrids, P. guenoarum ecotype Azuldo and
M. maximus cv. Aruana in response to (a) N rates or in mixture with legumes and (b) genotypes
after 2 years of harvesting.
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2.4. DISCUSSION

Interspecific hybridization has been the primary tool used for genetic
improvement in the Plicatula group of the genus Paspalum (Aguilera et al.,
2011; Novo et al., 2017). Crossing artificially-induced sexual tetraploid
germplasm with locally-adapted tetraploid apomicts can generate highly-
productive F1 hybrids that exploit heterosis. However, plant breeders should
also consider current socio-economic and environmental conditions at the time
of conducting agronomic performance studies for such novel germplasm.
Besides increasing biomass yield, cultivar development should also be focused
on abiotic stress resistance, such as drought tolerance, water use efficiency,
NUE and heat/cold tolerance (Parsons et al., 2011). In this study, biomass yield,
cold tolerance, persistence and NUE were determined for four interspecific
Paspalum hybrids, Azuldo and Aruana as controls, grown under five N rates
and in a grass-legume mixture with birdsfoot trefoil and white clover. Significant
phenotypic variation was observed among genotypes and N rates for the traits
measured.
Total-DMY and Leaf-DMY

Phenotypic variation was observed among genotypes for Total-DMY
and Leaf-DMY; however, genotypic performance was dependent upon N rates.
In years 1 and 2, hybrid 1020133 produced similar Total-DMY than Azuldo and
Aruana, regardless N rates applied (Figure la and 2a) and greater Total-DMY
in the grass-legume mixture than that Azuldo in year 1. The hybrid 1020133
resulted from hybridization between 4PT sexual tetraploid and the apomictic

Azuldo. Ecotype Azulédo is a locally-adapted plant that produces high biomass
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yields (Pereira et al., 2012; Steiner et al., 2017), possibly explaining the similar
Total-DMY and the response to N fertilization between these two related
genotypes. Aruana has high regrowth capacity after each grazing/cutting cycle
(Lavres Jr et al., 2004), as well as known forage potential in the South region of
Brazil (Motta et al., 2017). A study focused on evaluating several genotypes of
M. maximus reported DMY of 12,900 kg ha for cv. Aruana at 250 kg N ha
applied (Fernandes et al., 2014). In this study, Aruana showed a Total-DMY of
21,206 kg ha (year 1) and 15,802 kg ha! (year 2) when fertilized at 240 kg N
ha! (Figure 1a and 2a), confirming its ability to respond to high N rates. Thus,
similar Total-DMY among hybrid 1020133, Azuldo and Aruana suggests that
interspecific hybridization techniques used in Paspalum species may provide
germplasm with excellent forage potential, similar to those found in currently
cultivated pastures.

According to Seepaul et al. (2016) N has an effect on plant growth,
development, and physiological processes and determines crop productivity.
Our findings revealed that N fertilization provided significant Total-DMY
benefits. As shown in Figure la and 2a, Total-DMY for hybrids 1020133 and
102069, Azuldo and Aruana increased dramatically with higher N rates. At the
480 kg N ha?, hybrids 1020133 and 102069, Azuldo and Aruana increased
Total-DMY by 58%, 58%, 56% and 60% in first year, while in year 2 increased
by 91%, 77%, 89% and 108% when compared to the control (0 kg N ha?)
respectively. These results are consistent with other studies that also showed
an increase on forage production of Digitaria ciliaris (Teutsch et al., 2005), P.

guenoarum, P. notatum (Towsend, 2008), Brachiaria brizantha (Costa et al.,
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2010) as N fertilization rates increased. Large genotypic differences on Total-
DMY were observed at higher N rates, while lower Total-DMY and less
variability among genotypes were observed at 0, 60 and 120 kg N hal. Similar
results were observed by Bartl et al. (2009), which reported that species with a
potential for a high relative growth rate under conditions of high nutrient
availability responded with a larger decline in this trait under nutrient deficiency.
Generally, when plants are under stress, as N deficiency, extreme phenotypic
variability among genotypes decreases because they cannot express their yield
potential.

Currently, high N fertilizer prices and increasing concerns/regulations
regarding the use of inorganic N fertilizers, guided researcher towards
alternative approaches for increasing forage production without additional
inorganic N inputs. Grass-legume proved to be a viable alternative to synthetic
N fertilizer application to grass monocultures (Cox et al., 2017; Adjesiwor et al.,
2017). Several positive benefits have been reported for grass-legume mixtures,
including N transfer from legumes to grasses and improvements in forage
nutritive value of the pasture (Luscher et al., 2014; Cox et al., 2017). In this
study, grass monoculture fertilized with 240 and 480 kg N ha rates produced
higher Total-DMY compared with grass-legume mixture (Figure 1la and 2a). On
the other hand, grass-legume mixture had similar Total-DMY when compared to
the N rates of 60 and 120 kg N ha! in year 1 and 2 respectively. These results
agree with other studies that contrasted synthetic N fertilizer application with
grass-legumes mixture. Adjesiwor et al. (2017) reported that meadow

bromegrass (Bromus biebersteinii) mixed with alfalfa (Medicago sativa) and
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birdsfoot trefoil showed similar Total-DMY than meadow bromegrass fertilized
at 56 and 112 kg N hat. Cox et al. (2017) observed that tall fescue, meadow
bromegrass, orchardgrass (Dactylis glomerata), and perennial ryegrass (Lolium
perenne) growing in mixtures with alfalfa, birdsfoot trefoil, and cicer milkvetch
(Astragalus cicer) showed higher biomass production than any respective grass
monoculture fertilized with 67 kg N ha' and equal to or higher production than
134 kg N hat.

Therefore, our findings suggest that mixture with legumes can be an
alternative to replace N fertilizer application up to the rate of 120 kg N ha™.
Legumes offer important opportunities for sustainable grassland-based animal
production because they can contribute to the pasture by substituting inorganic
N-fertilizer inputs with symbiotic N2 fixation and increasing forage yield and the
nutritive value of herbage (Luscher et al., 2014). However, the additional
management effort that is required to incorporate legumes into the forage
system is generally greater than the labor required to have N fertilizer
applications in pastures and should be taken into account the decision process.
Legumes typically require higher limestone, and P and K fertilization (Butler &
Muir, 2012) and increasing seed prices may affect the economics of the grass-
legume systems (Adjesiwor et al., 2017).

In both years, hybrid 1020133 had similar or greater Leaf-DMY than
Azuldo and Aruana (Figure 1b and 2b). In general, across years and N rates the
lower genetic distance between hybrid 1020133 and Azuldo may possibly be
explaining why there was no difference in Leaf-DMY response to N application

rates among these two related genotypes, as was the case for Total-DMY.
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Previous studies highlighted Leaf-DMY higher than 10,000 kg ha? for Azuldo
(Motta et al., 2017, Steiner et al., 2017) which shown its genetic potential for
this plant component. Hybrid 1020133 showed higher Leaf-DMY than that
Aruana at 240 kg N ha! in year 2. Fernandes et al. (2014) observed that
Aruana produced approximately half the leaf in the Total-DMY. The authors
attributed the result due to the influence by its continuous flowering, favoring its
stem production. Usually, a relative amount of plant components such as
percentage of leaves and/or stems impacts on ingestive behavior of cattle
grazing (Fernandes et al., 2014). According to Benvenutti et al. (2015) when
animals grazing upper grazing strata (higher proportion of leaves), they access
a diet better quality, whereas when animals have access to the lower grazing
strata the diet quality decline due to a greater proportion of stems. So, the
selection of productive species with a higher proportion of leaves, a better-
quality plant component than stem is beneficial for better animal performance in
pasture-based production systems.

The findings also reveal that the N application rates provided
significant Leaf-DMY benefit, as was the case for Total-DMY. Leaf proportion
has a large participation in Total-DMY of interspecific hybrids Paspalum (Motta
et al., 2016, 2017), which may explain response similar to observed on Total-
DMY. As shown in Figure 1b and 2b, Leaf-DMY for hybrids 1020133 and
102069, Azuldo and Aruana increased with higher N rates. At the 480 kg N ha™?,
hybrids 1020133 and 102069, Azuldao and Aruana increased Total-DMY by
64%, 62%, 65% and 61% in year 1, while in second year increased by 111%,

95%, 104% and 94% when compared at 0 kg N ha respectively. According to
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Lavres Jr et al (2004) the N application have effect on the increase of the
numbers of leaves and green leaves per tiller and is also associated with the
reduced senescence of this component, contributing to a longer life of the leaf,
i.e. greater photosynthetic capacity for longer periods due to limited N
redistribution toward younger tissues. In general, Leaf-DMY in the mixture with
legumes was similar at 0 kg N ha! in the first year and similar at 0 and 60 kg N
ha' in the second year (Figure 1b and 2b). This result can be attributed to
competition between species by interception of light, which may have impaired
the development of leaves in the grass. Martuscello et al. (2011) found a Leaf-
DMY similar between Brachiaria decumbens cv. Basilisk fertilized at 50 and 100
kg N ha?' or in mixture with Stylosanthes guianensis cv. Mineirdo; however,
reported a similar Leaf-DMY between the mixture with Calopogonium
mucunoides and N rate of 0 kg ha, and lower than the other treatments.
Number of Tillers

The contribution of tillers to pasture production can be considered
from two aspects: tiller density (number of tillers per area) and tiller weight
(Premavezzi et al., 2003). In year 1, hybrid 103061 exhibited a larger number of
tillers than Azuldo (Figure 3a); however, Azuldo had greater Total-DMY under N
fertilization. It is possible that a lower tiller density observed for Azuldo in
response to N fertilization was compensated for a greater growing or weight of
the tillers of this genotype resulting greater Total-DMY. Phenotypic plasticity of
the grasses may have an inverse relationship between tiller density and weight,
referred to as compensation between tiller size and density (Pontes et al.,

2016). According to Pinto et al. (1994) a greater number of growing tillers, which
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compete among themselves for assimilates produced by the plant, results in
smaller individual tiller weight whereas a lower number of tillers occurs in
reverse.

In years 1 and 2, high N rates, which provided greater Total-DMY
and Leaf-DMY, also promoted larger number of tillers, especially when fertilized
with 240 and 480 Kg N ha? (Figure 3a and 3b). Fagundes et al. (2006)
observed similar effects of N application on forage vyield and tillering in
Brachiaria decumbens cv. Basilisk when fertilized with 50, 100, 150, 200, 250,
300 and 350 kg N ha™. In year 1, grass-legume mixture had number of tillers
similar to N rate of 120 kg N ha?; however, the tillering was lower when
compared to the additional N rates and similar to 0 kg N ha?in year 2. It is
possible that the competition for water, nutrients and light may have reduced
tilering in the grass. In a study with Brachiaria decumbens cv. Basilisk,
subjected to N rates (0, 50 and 100 kg ha™) or in mixture with Stylosanthes
guianensis cv. Mineirdo or Calopogonium mucunoides, Martuscello et al. (2011)
reported greater number of tillers with N rates applied and mixture with S.
guianensis cv. Mineirdo. On the other than, the mixture with C. mucunoides
showed tillering similar to 0 kg ha*.

Legume proportion on Total-DMY

Considerable variability was observed among genotypes for legume
proportion on Total-DMY. In year 1, legume proportion ranged from 11%
(Aruana) to 34% for the hybrid 103061 (Figure 4a). This result may be attributed
to the establishment grass stand and different competition capacity of each

genotype. In year 2, legume proportion for all genotypes increased and showed
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values between 30-50%, except for the hybrid 103084 (52%). According to
Lischer et al. (2014) the advantages presented by the grass—legumes mixture
such as increased forage production, higher nutritive value, ‘energy neutral’ N
input into grasslands via symbiotic N2 fixation and support of non-Nz-fixing
plants in the grassland through transfer of symbiotically fixed N are most
pronounced in mixed swards with 30-50% of legumes.

In years 1 and 2, white clover showed greater DMY (3.3 and 5.5
times respectively) than that birdsfoot trefoil (Figure 4b). White clover showed
an increase of 78% in DMY during year 2 compared to the previous year. Thus,
the value observed suggests a higher competition capacity and DMY
contribution of white clover in the mixture, especially when compared to the
birdsfoot trefoil. Legume proportion was lower in year 1, possibly due to
increased competitiveness of grass resulting from well-established stand, since
it was planting before than legume species. In addition, the grass may have
used soil mineral N and fixed N by the legume, which may have benefited its
growing. According to (Schwinning and Parsons, 1996) grass exploits the
legume by taking advantage of the additional N which the legume brings into
the system, while suppressing legume growth through competition for light. In
year 2, increased observed in the legume percentage, especially for the white
clover can be explained by the trade-off between grass and white clover, i.e.
when soil mineral N is low, white clover has a greater relative growth rate than
grass, since it can supplement mineral N uptake with N fixation (Schwinning
and Parsons, 1996). In addition, frost occurrence (June and July 2016) and no

N application may have decreased competitiveness of grass in year 2.
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Nitrogen Use Efficiency

According to Seepaul et al. (2016) NUE has been used to describe a
plant’s capacity to acquire and utilize N for producing biomass and is expressed
as the biomass yield produced per unit N applied. In general, for each kilogram
of applied N in year 1, the greatest NUE was observed at 60 kg N ha? and
lower NUE at 480 kg N ha! (Figure 5a). The results observed in the first-year
support previous findings in Axonopus aureus (Costa et al., 2010) and Panicum
virgatum (Obour et al., 2017) that showed a decrease in NUE with increased N
application rate. In year 2, there was a change in results, NUE increased with N
rate up to 120 kg N ha? (Figure 5b). Most genotypes showed NUE similar with
N application rates of 240 and 480 kg ha™. In a study with P. guenoarum, P.
notatum and P. lividum species subjected to N rates of 0, 60, 180 and 360 kg
ha! Towsend (2008) reported that NUE ranged from 47 to 11 kg DM kg N for
P. notatum, fertilized with 60 kg of N ha* and P. guenoarum at 360 kg of N ha!
respectively. In addition, highlighted that maximum NUE was observed with N
rates between 60 and 180 kg N ha. The present results shown that maximum
NUE was obtained with N rates between 60 (year 1) and 120 kg N ha! (year 2).
Our results also reveal that hybrid 1020133 showed efficient N utilization and
converting to biomass production and had greater or similar NUE than that
Azuldo and Aruana in year 2. According to Van Bueren & Struik (2017) it is
important to compare the performance of genotypes at various N rates, since
genotypes that showing highest performance and are efficient under high N
input, are not always the same that showing the highest performance and

efficiency under low N input.
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Cold Tolerance

In this study, cold tolerance was accessed through an evaluation of
the damage caused in the leaves of the plants after frost occurrence, i.e.
genotypes with lower damages (canopy with green leaves) were classified with
greater cold tolerance, while genotypes with greater damages (canopy with
dead leaves) were classified with lower cold tolerance.

According to Jacobsen et al. (2005) a certain degree and duration of
frost can be lethal to most organisms, due to dehydration of the intracellular
environment and physical damage by ice crystals. In this experiment hybrid
1020133 showed higher cold tolerance compared to the Azuldo and Aruana,
which suggest an adaptation to climatic condition to the South region of Brazil.
Azuldo it is known for exhibiting cold tolerance in subtropical conditions (Motta
et al., 2016) while Aruana is one of the cultivars of Megathyrsus maximus that
shows higher cold tolerance (Corréa, 2002). Therefore, our results indicate that
interspecific crosses can provided hybrid vigor for this trait, resulting in the
superiority of hybrids compared to the controls considered cold tolerant.
Persistence

Soil fertility is an important factor in production and longevity of
pastures in grazing systems. Thus, when nutrient deficiency is a limiting factor
in the soil, fertilizer application such as N, in addition to increasing yield may
have a greater impact on persistence of forage plants.

After 2 years of data collection, our findings show that N rates higher
than 120 kg ha* provided a benefit for persistence compared to the control and

60 kg N ha. Possibly, the cumulative effect of high N rates for 2 years provided
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favorable growing conditions, reducing the competition between plants for
nutrient and increasing their capacity for growing, through the development of
tillers. The higher persistence observed with high N rates can be related to the
higher number of tillers obtained with increasing N rates as shown in Figure 3.
McKenzie et al. (2002) observed that application of 75, 150 and 225 kg N ha
resulted in increased tiller densities and forage yield of perennial ryegrass
compared to the 0 kg N hal. However, the authors reported that N fertilizer
alone had not would enhance the persistence of pasture, and that persistence is
likely to be influenced by a combination of factors including grazing
management and climatic effects, rather than N fertilizer alone.

After 2 years of harvesting, hybrids 1020133 and 102069 had higher
persistence than hybrids 103084 and 103061 and similar to the controls.
According to Nie et al. (2004) one of the key attributes of plants is their ability to
capture and use resources (light, water, and nutrients) to successfully occupy
and colonize space. ldentification of an improved hybrids of Paspalum with
higher DMY and incorporating persistence may have a significant positive

impact in pasture-based production systems.

2.5. CONCLUSION

Nitrogen application is necessary to increase Total-DMY, Leaf-DMY,
number of tillers, cold tolerance and plant persistence in Paspalum interspecific
hybrids. Highest NUE is obtained with application of N rates between 60 and
120 kg N hal. The grass-legume mixture can be an alternative practice of

agronomic management to replace to the application of 60 and 120 kg N ha™.
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Hybrid 1020133 showed high response to N supply and had Total-
DMY similar to Azuldo and Aruana, as well as Leaf-DMY similar to Azuldo and
greater than Aruana. Hybrid 1020133 exhibited greater NUE at 60 kg N ha
than the other genotypes. In addition, cold tolerance for hybrid 1020133 was
greater than Azuldo and Aruana. Therefore, hybrid 1020133 should be selected
for follow up studies within our breeding program, such as seed production and
animal performance.

We suggest that replication of the study at different sites and
additional years would provide more information, since it is expected that in the
long term, the results will vary under different soil types and environmental
conditions. In addition, research would be needed for testing the impact of
animal grazing in the response of the most promising genotypes when
subjected to N fertilizer or mixed with legumes, especially due to the return of

nutrients by the animals.
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Nutritive value and forage production in Paspalum interspecific
hybrids fertilized with nitrogen or in mixture with temperate legumes
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Nutritive value and forage production in Paspalum interspecific hybrids
fertilized with nitrogen or in mixture with temperate legumes

ABSTRACT

The improvement Paspalum species has made available novel
genetic resources for livestock systems; however, it is unknown the forage
potential of these new hybrids when subjected to N fertilizer or in mixture with
legumes. Our goal was to evaluate dry matter yield (DMY) by season and
nutritive value in hybrids of P. plicatulum x P. guenoarum subjected to N rates
or in mixture with legumes. The experiment was a randomized complete block
design in split-plot arrangement with three replications. Treatments were five N
rates (0, 60, 120, 240, and 480 kg ha! N), and one grass-legume mixture
(Trifolium repens + Lotus corniculatus) as whole plots, and six genotypes
(1020133, 102069, 103084, 103061, P. guenoarum Azuldo and Megathyrsus
maximus Aruana used as a controls) as subplots. DMY, crude protein (CP),
neutral and acid detergent fiber (NDF, ADF) and dry matter digestibility (DMD)
were determined. Higher N rates enhanced DMY, regardless growth season,
increased CP and DMD, decreased NDF and ADF than control treatment (P <
0.05). Grass-legume mixture promoted greater DMY in spring and fall than
control treatment and had greater nutritive value compared to N-fertilized grass
(P < 0.05). Hybrid 1020133 had DMY similar to controls. Hybrid 103061 had
greater CP and DMD and lower NDF and ADF than to controls (P < 0.05).
Nitrogen application and mixture with legumes to enhance DMY and nutritive
value in hybrids of Paspalum is recommended. Hybrids 1020133 and 103061

should be indicated for new steps of evaluation within the breeding program.

Key words: breeding forage, biomass yield, crude protein, digestibility, nitrogen

fertilization.
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3.1. INTRODUCTION

Animal production in tropical and subtropical areas of the world is
largely dependent on native or cultivated pastures, which requires higher
production, quality and adaptation of forage plants (Jank et al., 2011).
Agronomic practices such as nutrient management and species selection, or
the combination of these two factors are some of the options for increasing
biomass yield and the nutritive value of pastures.

Proper soil fertility management is required for efficient grass forage
production. Nitrogen (N) has an effect on crop growth, development, and
physiological processes (Seepaul et al., 2016), and supply of N fertilizer tends
to improve yields and nutritive value in warm-season grasses (Silveira et al.,
2013; Pontes et al., 2016; Obour et al., 2017). However, prices for synthetic N
sources have increased over the past several years, and these higher prices
may have influence profitability of forage and livestock producers (Interrante et
al., 2012). Industrial production of N fertilizer uses non-renewable reserves of
fossil fuels. Moreover, lost N when high rates are applied can have negative
impacts on the environmental, as it is associated to global warming effects and
contamination of the quality of groundwater and surface water (Schréder, 2014).

Grass-legume mixture can be considered a viable alternative to
synthetic N fertilizer application to grass monocultures (Adjesiwor et al., 2017).
Legumes offer important opportunities for sustainable grassland-based animal
production because they can contribute to increasing forage yield, substituting
inorganic N-fertilizer inputs with symbiotic N2 fixation, increasing forage yield
and the nutritive value, and raising the efficiency of conversion of herbage to
animal protein (Luscher et al., 2014). Generally, legume intake is higher than
grasses due to greater crude protein (CP) content, lower cell wall content, and
faster rate of particle size reduction and passage rate of the rumen (Elgersma
and Sgegaard, 2016).

The grass genus Paspalum L. is an important forage constituent in
natural grasslands in South America (Chase, 1929), where shows a great
diversity of species and has a large area covered, which support the importance

of the genus for livestock production (Novo et al., 2016). There is an informal
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taxonomic group within Paspalum, named Plicatula (Chase 1929) and at least
three species of this group have been introduced to cultivation: P. plicatulum, P.
guenoarum and P. atratum. However, these species are primarily tetraploid and
apomictic, and released cultivars were based on selection from natural
ecotypes (Aguilera et al., 2011). The collection of a sexual diploid ecotype of P.
plicatulum, and its chromosome duplication resulted in the generation of a
sexual tetraploid plant, allowing new genetic studies of agronomic traits (Sartor
et al., 2009). Particularly, P. plicatulum and P. guenoarum have been used in
interspecific hybridizations (Aguilera et al., 2011; Novo et al., 2017) and the
hybrids obtained showed genetic potential for biomass yield (Motta et al., 2017)
and cattle preference (Novo et al., 2017).

Evaluating the response of these novel interspecific hybrids under N
supply or in mixtures with legumes can provide information about agronomic
management decisions and aid in cultivar selection. However, there are limited
data for biomass yield and nutritive value of these hybrids in subtropical
conditions when subjected to different N fertilizer rates or in mixture with
legumes. The goal of this study was to evaluate dry matter yield by season and
the nutritive value in hybrids of Paspalum plicatulum x P. guenoarum in

response to different rates of N fertilizer or in mixture with temperate legumes.

3.2. MATERIAL AND METHODS

Experimental design and treatments

The study was conducted in at the Agronomic Experimental Station
of the Federal University of Rio Grande do Sul (UFRGS), Rio Grande do Sul
State, Brazil (30°05°S, 51°40°'W, 46 m asl). The experiment was planted in
December 2014, and treatment imposition and data collection were conducted
from September 2015 to May 2017. The climate in the region is classified as
subtropical humid (Cfa according to Koppen classification). The monthly
temperature for the last 40 years varied between 8.5°C (July, minimum
temperature) to 30.2°C (January, maximum temperature) while annual
precipitation was approximately 1450 mm (Bergamaschi et al., 2013). Irrigation

was applied until the soil was saturated after planting and as needed afterwards
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to maintain plant growth. The monthly temperature, rainfall and irrigation during
the conduction of the study are presented in Figure 1. The soil at the
experimental site was classified as Dystrophic Red Argisol. Soil analyses were
conducted before starting and during the completion of the experiment (Table
1). Soil samples were collected at 0 to 15 cm depth across all the treatments
and then bulked and sent to lab.

The experiment was a split-plot arrangement of a randomized
complete block design with three replications. Treatments were five N rates (0O,
60, 120, 240, and 480 kg ha™ N), and one grass-legumes mixture (no N
application) as whole plots, and six genotypes as subplots. In the grass-legume
mixture were sown white clover (Trifolium repens L.) cv. BRSURS Entrevero
and birdsfoot trefoil (Lotus corniculatus L.) cv. URSBRS Posteiro at a rate of 8
and 20 kg seed ha™, respectively.

In this study were evaluated the hybrids 1020133 and 102069
resulted from an artificial hybridization between P. plicatulum 4PT x P.
guenoarum Azuldo, and hybrids 103084 and 103061 resulted from an artificial
hybridization between P. plicatulum 4PT x P. guenoarum Baio. The crosses
were performed in a greenhouse at the Forage Plants Breeding Group -
UFRGS. In addition, were included P. guenoarum ecotype Azuldo and
Megathyrsus maximus cv. Aruana, used as controls. Hybrids 1020133, 102069,
103084 and 103061 were selected because presented good forage
performance in different edaphoclimatic conditions (Saraiva, 2015). P.
guenoarum Azuldo is native in the subtropical and temperate regions of
southern Brazil, Argentina and Paraguay (Steiner et al., 2017), and has been
indicated as a male parent in hybridization with sexual plants due to good
forage performance (Pereira et al., 2012). M. maximus cv. Aruana is a perennial
grass used in intensive beef production systems in Brazil (Fernandes et al.,
2014). The genotypes were planted in pure stands in six rows (10 seedlings
row?!) with 20 cm apart (2.4 m? plot size). Replanting was performed for dead
plants as needed. Weeds were manually removed of the plots (once) to reduce

competition.
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Crop management

In January 2015, the experimental plots received N supply at 60 kg
ha™ to guarantee the establishment of the genotypes in the field. In April 2015,
plots were harvested to sown of the legumes species, which had their seeds
inoculated and pelleted. The legumes were established by broadcast on April
17, 2015 and March 30, 2016 between the rows of grass. The N fertilizer rates
(as ammonium sulfate) were supplied during the spring and summer divided
into four applications per year. Limestone, phosphorus and potassium
application were performed according to the soil analysis (see Table 1) for
warm-season grasses following the recommendations of the Soil Chemistry and
Fertility Commission—RS/SC, Brazil (CQFS, 2004).

Two different forage management practices related to stubble height
were used for the experiment: the first began in September 2015 and ended in
April 2016 (called year 1); the second began in September 2016 and ended
May 2017 (called year 2). In year 1, plots were harvested leaving a 10-cm
stubble height when the higher N rates (240 and 480 kg ha) reached 35 cm
tall. In year 2, plots were harvested leaving a 15 cm stubble height when
genotypes reached 30-cm tall in each treatment. The criterion was modified
because 10 cm stubble height was impairing plants regrowth. With this change,
most of the genotypes reached 30 cm tall with a light interception of 95%. In
both years, biomass yield was evaluated from two representative samples per
subplot (square 0.25 m?).

Forage samples were manually separated into leaf blade, stem + leaf
sheath, inflorescence and dead material fractions. Samples were dried at 60°C
in a forced-air oven for 72 h and then weighed. Dry matter yield (DMY) was
calculated as the sum of all harvests per plot in each season within each year of
the experiment. Harvests carried out from September to December were
considered as spring; January to March as summer; and April and May as fall.
In both years, there was not harvest during winter. The number of harvest in
each month are listed in Table 2.

The nutritive value of the harvested forage was assessed using the

leaf blades of the samples collected for DMY during the harvests in the spring
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and summer of year 1. Legumes species were included in the samples together
with the leaf blades of grass. The samples were ground and passed through a
1-mm mesh screen in a Wiley mill. Each sample was analysed using
nearinfrared reflectance spectroscopy (NIRS, FOSS-NIRSystems 5000 Silver
Spring, MD, USA, which scans the spectral range of 1100-2500 nm; CEPA
laboratory, Passo Fundo-RS, Brazil) to determine the CP, dry matter digestibility
(DMD), neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents.

Statistical analysis

Data were analyzed using linear models on R statistical software (R
Core Team, 2015). Analysis of variance (ANOVA) was performed for all
variables to test the statistical significance of the main factors and their
interactions: block, N rate, and genotype. The graphs were created using the
package ggplot2 in R (Vu, 2011). A Tukey-HSD test was used to separate
treatment means at P = 0.05 using the Ismeans package (Lenth, 2016) in R.
Data were analyzed to verify their normality by Shapiro-Wilk test and when

necessary were transformed.

3.3. RESULTS

Dry matter yield

In the spring of the first year, significant N rate x genotype interaction
(P < 0.001) effect was observed for DMY. There was greater variability between
genotypes with higher N application rates. In all N rates, hybrids 1020133 and
102069 showed similar DMY than Aruana (Table 3). In addition, hybrid 1020133
had (P < 0.05) greater DMY than Azuldo when fertilized with 480 kg hat or in
mixture with legumes. In general, greater DMY were observed with N
application rates of 240 and 480 kg N ha. In this season, DMY of the grass-
legume mixture for the hybrids 1020133, 102069, and 103084 were similar to
120 kg N hal, while for the hybrid 103084, Aruana and Azuldo were similar to
480, 60 and 0 kg N ha! respectively.

In the summer of year 1, significant N rate (P < 0.001) and genotype
(P < 0.05) effects were observed for DMY. Hybrid 102069 had greater (P <
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0.05) DMY than Aruana but was not different from the other genotypes (Table
3). Among N rates, there was (P < 0.05) greater DMY when genotypes were
fertilized with 240 and 480 kg N ha. Grass-legume mixture showed greater
DMY than that 0 kg N ha! and similar to 60 kg N ha.

On the other hand, in the fall of year 1, significant N rate x genotype
interaction (P < 0.001) effect was observed for DMY. There was not difference
(P > 0.05) for DMY between genotypes in the N rates of 0, 60 and 120 kg N hat
(Table 3). However, Aruana had (P < 0.05) greater DMY than the other
genotypes in the N rates of 240 and 480 kg N hat. Hybrids 1020133, 102069
and 103061 had similar DMY than Aruana and Azul&o in grass-legume mixture.
Among N rates, greater DMY were observed with N application rates of 240 and
480 kg N ha, except for hybrids 103061 and 103084. In addition, DMY of the
grass-legume mixture for the hybrids 1020133 and 103084 and Aruana were
similar to 120 kg N ha* while for hybrid 103061, hybrid 102069 and Azuldo was
similar to 240, 60 and 0 kg N ha! respectively.

There were significant N rate and genotype (P < 0.001) main effects
on DMY, in the spring of year 2. The average across genotypes, showed that
the hybrid 1020133 had (P < 0.05) greater DMY than hybrids 102069, 103061
and 103084 but was not different from Aruana and Azuldo (Table 4). Among N
rates, grass-legume mixture had similar DMY than 240 and 480 kg N hat, and
these N rates showed (P < 0.05) greater DMY compared to the other N rates.

In the summer of year 2, there was a significant N rate x genotype
interaction (P < 0.05) on DMY. Hybrid 1020133 had similar DMY than hybrid
102069, Aruana and Azuldo in all N rates, except for Aruana fertilized with 480
kg N hal (Table 4). Higher (P < 0.05) DMY were observed for N rates of 120,
240 and 480 kg N ha! compared to the other N rates, except for Aruana and
Azulao.

Finally, in the fall of year 2, there was a significant N rate x genotype
interaction (P < 0.01) for DMY. There was not harvest for the N rate of 0 kg N
hal (Table 4). There was not difference for DMY among genotypes in N rate of
60 kg N hat. Hybrid 1020133 showed similar DMY than Aruana and Azuldo in

all N rates, except when fertilized with 240 kg N hat. Among N rates, there was
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greater (P < 0.05) DMY when genotypes were fertilized with 480 kg N ha™. In
addition, DMY of the grass-legume mixture for all genotypes were similar to 240
kg N hal, except for Azuldo, which was similar to 120 kg N ha.

Nutritive value

There was significant genotype (P < 0.001) effect for CP, NDF and
ADF content and DMD concentration. Higher (P < 0.05) CP content was
observed for hybrid 103061 (163 g kg?) compared to the other genotypes,
except for the hybrid 103084 (156 g kg*), which showed greater CP content
than hybrids 1020133 and 102069 and Azuldo (Figure 1a). Lowest (P < 0.05)
NDF contents were observed in hybrids 103061 (463 g kg) and 103084 (467 g
kg?') compared to the other genotypes; however, there was no difference
between hybrid 103084 and Azuldo (478 g kg?) (Figure 1b). Hybrids 103084
(288 g kg?) and 103061 (292 g kg?') showed the lowest (P < 0.05) ADF
contents than the other genotypes (Figure 1c). Highest (P < 0.05) DMD
concentrations were observed for hybrids 103084 (673 g kg?) and 103061 (665
g kg') compared to the other genotypes (Figure 1d).

The N rate (P < 0.001) had an effect on CP, NDF and ADF content
and DMD concentration. The average across N rates, CP content increased
from 124 g kg without N applied to 157 g kg* when fertilized with 480 kg N hat
(Figure 2a). The grass-legume mixture (192 g kg!) showed a greater (P < 0.05)
CP content compared to the other treatments. The application of N rates
decreased NDF content from 503 g kg™ (0 kg N ha') to 473 g kg* when 480 kg
N ha' was applied (Figure 2b). The grass-legume mixture (448 g kg') had an
NDF content (P < 0.05) lower than N rates of 120, 60 and 0 kg N ha. The
average across N application rates showed a decrease on ADF content, which
ranged from 321 g kg? at 0 kg N ha! to 301 g kg* when fertilized with 480 kg N
hat (Figure 2c). The grass-legume mixture (280 g kg*) showed lower (P < 0.05)
ADF content than the other treatments. The DMD concentration ranged from
637 g kg* (0 kg N hat) to 661 g kg* with application of 480 kg N ha* (Figure
2d). The grass-legume mixture (697 g kg') had a greater (P < 0.05) DMD

concentration than the other treatments.
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3.4. DISCUSSION

In order to increase its success, plant breeding has focused on
increasing the annual and seasonal pattern of pasture production, and on
parameters that lead to improved forage quality, intake and feed conversion
(Parsons et al., 2011). In this context, nutritive value assumes substantially
importance when forage constitutes most of the diet of a ruminant animal, or
when a producer chooses not to supplement the diet with grain concentrates
(Brink et al., 2015). In this research, DMY in different season of the year, and
the CP, NDF and ADF contents and DMD concentration were determined for
four hybrids of P. plicatulum x P. guenoarum, Aruana and Azuldo as controls,
grown under five N application rates and in a grass-legume mixture with
birdsfoot trefoil and white clover. Significant phenotypic variation was observed
among genotypes and N rates or mixture with temperate legumes for the traits

measured.

Dry matter yield

In general, greater variability among genotypes was observed when
N rates of 240 and 480 kg N ha! were applied, regardless the growing season.
These results are possible because N has an effect on plants growth,
development, and physiological processes (Seepaul et al., 2016), contributing
for difference on DMY among then. Moreover, differences in responses
observed across seasons among genotypes may be attributable to rainfall,
temperature, photoperiodism, harvest frequency and ability to use N and to
express productivity potential.

Hybrid 1020133 had similar DMY than Aruana, except in the fall of
year 1 and summer of year 2 (Table 3 and 4). Aruana is a high-yielding species
that shows DMY of 13,160 kg ha* when fertilized with 300 kg N ha* (Pontes et
al., 2016). The greater DMY of Aruana in some seasons as compared with the
hybrid 1020133 can be attributed to its higher stem production (data not
shown), which may have increasing the herbage accumulation. Fernandes et al.

(2014), who evaluated the forage production of 24 genotypes of M. maximus,
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described that Aruana produced approximately half the leaf DMY, because
continuous flowering during the year favored stem DMY. On the other hand,
hybrid 1020133 showed greater or similar DMY than Azuldo, regardless N
rates, season or year of evaluation (Table 3 and 4). Azuldo is a locally-adapted
ecotype that produces high DMY, as reported by Towsend (2008) that observed
DMY of 11,506 kg ha' (summer of second year) when fertilized with 360 kg N
hal. The hybrid 1020133 resulted from a cross between 4PT sexual tetraploid
and Azuldo. The results observed in the present study suggests greater genetic
potential for hybrid 1020133 compared to its male parental. Therefore, hybrids
selection such as 1020133 may provide an opportunity for development novel
genetic resources with larger distribution and herbage accumulation.

Nitrogen is the most limiting nutrient for forage productivity, and N
supply tends to improve yields (Silveira et al., 2013). In general, N rates of 240
and 480 kg N ha! provide an increase on DMY in all seasons for 2 years. Such
cumulative effects of N fertilizer on grass production have been noted
previously with Brachiaria brizantha (Costa et al., 2010) and ecotypes of P.
guenoarum (Towsend, 2008) and P. notatum (Machado, 2014) as N fertilizer
rates increased. Grass-legume mixture had similar DMY compared to the higher
N rates during spring (240 and 480 kg N ha) of year 2. This result may be
attributed to the harvest carried out in September (see, Table 2), which
contributed for higher DMY during spring. Thus, grass-legume mixture can be
an alternative practice for provide early-grazing in subtropical conditions.
According to (Cox et al, 2017) ideal pastures should optimize forage
production, nutritional quality, and pasture longevity, while minimizing the use of
inputs. Legumes offer important opportunities for sustainable grassland-based
livestock production because they can contribute to substituting inorganic N-
fertilizer inputs with symbiotic Nz fixation, increasing biomass yield and the
nutritive value, and raising the efficiency of conversion of forage to animal
protein (Luscher et al., 2014). Therefore, our results reveal that grass-legume
mixture can be an alternative for to replace higher N rates applied in grass

monoculture, but it is dependent of the growth season.
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Nutritive value

The CP contents in hybrids 103061 and 103084 were significantly
higher than Azuldo and its progenies (1020133 and 102069). In addition, hybrid
103061 had a greater CP content than Aruana (Figure 1a). The hybrids 103061
and 103084 resulted from a cross between 4PT sexual tetraploid and the
apomictic ecotype Baio. This manifested that different male parental may
influence in nutritional characteristics of its progenies through of introgression of
genes, which possibly explaining the difference among genotypes. Thus, our
findings suggest that CP content can be improved through artificial interspecific
hybridization due to greater CP content of hybrids compared to the controls.

The NDF and ADF contents were lower in hybrids 103061 and
103084 than the other genotypes, except between Azuldo and hybrid 103084
(Figures 1b and 1c). Variability for NDF and ADF contents, also was observed
by Seepaul et al. (2016) in a study with different genotypes of switchgrass
(Panicum virgatum). These results indicate that cell wall components may
change in response to N supply, with genotypes responding dissimilarly. High
NDF content provides a reduction in the dry matter intake whereas high ADF
content decrease digestibility (Costa et al., 2010). Therefore, genotype selection
that shown a lower NDF and ADF content is desirable for improved the
grassland-based animal production.

The DMD concentration in hybrids 103061 and 103084 were
significantly higher than Aruana, Azuldo and its progenies (1020133 and
102069) (Figure 1d). Greater digestibility observed for hybrids 103061 and
103084 can be related to lower ADF and NDF contents. According to Stabile et
al. (2011), different enzymes can be responsible for controlling lignification at
different plant tissues and at different forage species. In addition, different male
parental may have influenced on DMD concentration of the hybrids, as
previously discussed and may also explain the difference between genotypes
for DMD concentration. Forage digestibility is related to intake rate, and affects
animal performance positively (Fernandes et al., 2014). This trait must be

considered in the selection of new forage grasses for grazing systems, since it
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is possible to breed, or to select genotypes for higher DMD concentration
without affecting biomass yield.

In general, the application of N fertilizer and mixture with legumes
resulted in greater nutritive value for all genotypes. The N application rates
provided an increase for CP content. However, even without N supply the
average of CP on leaf blades across genotypes, was greater than the minimum
content (70 g kg™*) required for cattle maintenance (Costa et al., 2010). Average
across N rates, CP content increased 27% with application of 480 kg N ha
compared to 0 kg N ha? (Figure 2a). Our results are consistent with several
other studies that showed N application increasing CP content in warm-season
forage grasses (Silveira et al., 2013; Pontes et al., 2016; Obour et al., 2017).
Higher CP content was also observed in the present study in grass-legume
mixture than in N fertilized grass. Results similar were reported by Adjesiwor et
al. (2017) in a mixture of bromegrass (Bromus biebersteinii) with Alfalfa
(Medicago sativa) and birdsfoot trefoil (Lotus corniculatus) when compared to
the bromegrass monoculture with (56 and 112 kg N ha!) or without N.

Nitrogen supply contributed to decrease the NDF and ADF contents.
The average NDF content across N rates decreased 6% (Figure 2b), and ADF
content decreased 7% (Figure 2c) with application of 480 kg N ha' compared to
the control (0 kg N ha?). Costa et al. (2010) evaluating Brachiaria brizantha cv.
Marandu under increasing N rates observed that content of NDF and ADF
reduced 9 and 26% with application of 300 kg N ha! compared to 0 kg N ha
respectively. Paulino et al. (2015) reported that increasing N rates (0, 150, 300
and 450 kg ha') decreased the NDF and FDA contents in the leaf blades of
Aruana. In this study grass-legume mixture produced lower NDF content than N
rates of 120, 60 and 0 Kg N ha, while ADF content was lower compared to the
other treatments. Adjesiwor et al. (2017) also observed a similar result in a
mixture between bromegrass with Alfalfa and birdsfoot trefoil, which exhibited
lesser NDF and ADF contents than bromegrass monoculture with (56 and 112
kg N ha?) or without N. The reduction of NDF and ADF content with the

increase of N rates or in mixture with legumes obtained in this study can be
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considered important for improving the nutritive value of the forage, i.e.
improving digestibility and the dry matter intake by the animals.

The DMD concentration increased 4% when the genotypes were
fertilized with 480 kg N ha' compared to treatment without N supply (Figure
2d). The effect of N fertilizer application (0, 45, 90, 135 and 180 kg ha') in DMD
concentration has been reported by Obour et al. (2017) in Panicum virgatum.
On the other hand, Paulino et al. (2015) observed that DMD concentration of
leaf blades of Aruana was not affected when fertilized with N rates of 0, 150,
300 and 450 kg ha?. The grass-lequme mixture had a greater DMD
concentration than that N fertilizer rates. The greater nutritive value observed in
grass-legume mixture may be attributed to presence of the legumes, because
these species usually have a lower fiber content than grasses. According to
Pontes et al. 2016 an improvement in DMD concentration can mainly be
attributed to a decrease in the ADF content, which was observed in the present
study.

Our findings reveal that N supply improved the nutritive value of the
genotypes, since it increased the CP content and DMD concentration, and
decreased NDF and ADF content compared to the control (no N supply).
However, grass-legume mixture showed better values than that N fertilizer.
Therefore, this approach could be an alternative to provide adequate nutrition
for grazing animal. The positive influence of legume proportion on forage
nutritive value has been reported by Brink et al. (2015). These authors observed
that white clover had a positive additive effect on mixture digestibility due to
their high digestibility relative to the other grass components in the mixture.

3.5. CONCLUSIONS
We concluded that N supply and mixture with legumes are needed to
increase DMY and improve nutritive value in Paspalum interspecific hybrids.
Grass-legume mixture has the potential to substitute for N-fertilized grass in the
spring and fall from the second year. Moreover, the results also showed that
grass-legume mixture could improve nutritive value contrasted to application of

inorganic N fertilizers.



81

Hybrid 1020133 showed higher positive response to N supply for
forage production and had a DMY similar to Aruana and Azuldo. Hybrid 103061
showed positive response to N supply for nutritive value and had a higher CP
and DMD and lower NDF and ADF than Aruana and Azuldo. Therefore, we
suggest that hybrids 1020133 and 103061 are indicated for new steps of
evaluation within the breeding program.
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Table 1. Chemical characteristics of soil before starting and during the

accomplishment of the experiment.

pH Base Al
Clay oM P K H+Al Al Ca Mg CEC
Year H20 sat. sat.
g kg? g kg? mg dm-3 cmolc dm3 %
* 220 55 15,0 89 105 25 00 24 10 6,2 60 0,0
1 260 5,3 140 150 72 28 01 28 11 6,8 59 2,4
2 190 5,2 17,0 15,0 108 3,9 0,2 25 0,8 7,5 48 53

*Soil analysis before starting experiment (2014); 'Soil analysis during the first year of the
experiment (2015/16); 2Soil analysis during the second year of the experiment (2016/17).

Table 2. Harvests carried out in four interspecific Paspalum hybrids, Azuldo and

Aruana during years 1 and 2.

Nrate Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May
Kg/ha Year 1
0 X X - X X X X X -
60 X X - X X X X X -
120 X X - X X X X X -
240 X X - X X X X X -
480 X X - X X X X X -
Leg* X X - X X X X X -
Year 2
0 - X - X X - X - -
60 - X - X X - X X -
120 - X - X X X X - X
240 - X X X X XX X X -
480 - X X X X XX X X X
Leg* X X X X X X - X -

Year 1 = September 2015 to April 2016; Year 2 = September 2016 to May 2017.

*Leg = grass—-legume mixture; x= number of harvest.
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Table 3. Genotype, N rate and Genotype x N rate effects on dry matter yield by

season of four interspecific Paspalum hybrids, Azuldo and Aruana in year 1.

Genotypes
Season rate 1020133 102069 103061 103084 Aruana Azulao
(kg ha't) Dry matter yield (kg ha't) Mean
0 5425 d-A 4955 c-AB 4012 d-B 5418 d-A 5785c-A 4793 c-AB 5065
60 6117 cd-A 5877 bc-A 4719 cd-B 6182 cd-A 6551 bc-A 6289 b-A 5956
=) 120 7129 bc-A 6269 b-AB 5263 bc-B 6800 bc-A 7307 b-A  6635b-A 6567
UE)' 240 8248 b-AB 7992 a-AB 6439 ab-C 7598 ab-B 8881 a-A 8187 a-AB 7891
480 9560 a-A 8745 a-AB 6661 a-C 8058 a-B 8751 a-AB 7865a-B 8273
Leg* 6579 cd-A 6688 b-A 5561 abc-AB 5989 cd-A 6096 c-A 4668 c-B 5930
Mean 7176 6754 5443 6674 7229 6406
0 3742 3853 3369 3747 3603 3751 3678 d
60 4842 5419 4763 4815 4177 4693 4785 ¢
3] 120 5503 5407 5453 5435 5069 5881 5458 b
§ 240 6741 7248 6635 6369 6073 7200 6711 a
o 480 7071 7273 6467 7284 7533 7108 7123 a
Leg* 4488 4327 4474 4697 4189 4199 4396 c
Mean 5398 AB 5588 A 5194 AB 5391 AB 5107 B 5472 AB
0 1047 c-A 1115 bc-A 888 c-A 970 c-A 991 d-A 917 d-A 988
60 1413 bc-A 1310 bc-A 1213 bc-A 1335 bc-A 1265 cd-A 1300 bc-A 1306
_ 120 1537 b-A 1478 b-A 1414 ab-A 1327 bc-A 1690 b-A 1491 b-A 1490
E 240 2061 a-B 2209 a-B 1549 ab-C 1614 ab-C 2833 a-A 2321 a-B 2098
480 2213 a-B 2335 a-B 1739 a-C 1733a-C 3075a-A 2366a-B 2244
Leg* 1367 bc-AB 1076 c-AB 1297 b-AB 1046 c-B 1418 bc-A 1024 cd-B 1205
Mean 1606 1587 1350 1338 1879 1570

Means followed by the same lowercase letter in columns and uppercase letters in the rows are not
different (P > 0.05), *Leg = grass—legume mixture.
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Table 4. Genotype, N rate and Genotype x N rate effects on dry matter yield by

season of four interspecific Paspalum hybrids, Azuldo and Aruana in year 2.

Genotypes
Season N rate 1020133 102069 103061 103084 Aruana Azuldo

(kg ha®) Dry matter yield (kg ha®) Mean

0 2445 2451 2133 2251 2614 2453 2391d

60 3269 2667 2393 2672 2929 2621 2759 ¢
o 120 3827 3621 2677 2944 3126 3694 3315b
(%_ 240 5510 4956 4187 4775 4944 5131 4917 a

480 6617 5563 4652 5119 5539 6013 5584 a

Leg* 5350 5137 5019 5822 5539 4898 5294 a

Mean 4503 A 4066 B 3510C 3931 B 4115 AB 4135 AB

0 3358 b-AB  3185b-AB 3055 b-B 3392 b-AB 3217 c-AB 3932 c-A 3357

60 3921 b-AB 3413 b-AB 3247 b-B 3366 b-AB 3479 c-AB 4051 c-A 3580
) 120 5847 a-AB 5104 a-AB 5387 a-AB 5020 a-B 5157 b-AB 6386 b-A 5484
% 240 7575 a-AB 6101 a-BC 6165a-BC 5962 a-C 7554 a-AB 7767 ab-A 6854
» 480 6988 a-BC 6477 a-C 5967 a-C 6529 a-C 9240 a-A 8517 a-AB 7286

Leg* 2446 c-A 2005 c-AB 1793 c-B 1795 c-B 2027 d-AB 2285 d-A 2059

Mean 5023 4381 4269 4344 5112 5490

0 - - - - - - -

60 1045 c-A 1046 b-A 915 b-A 925 b-A 1110 c-A 1052 c-A 1016
_ 120 1177 c-AB 1047 b-ABC 871 b-BC 791 b-C 1146 c-AB 1397 bc-A 1072
E 240 1505 bc-A 1487 b-A 1031 b-B 1168 b-AB 1461 bc-A 981 c-B 1272

480 2899 a-ABC 2549 a-ABC 2277 a-BC 2099 a-C 3315 a-A 3099 a-AB 2706

Leg* 1796 b-A 1193 b-B 1041 b-B 1140 b-B 1835 b-A 1709 b-A 1452

Mean 1684 1464 1227 1225 1773 1648

Means followed by the same lowercase letter in columns and uppercase letters in the rows are not
different (P > 0.05), *Leg = grass—legume mixture.
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Figure 2. The effect of genotypes on (a) CP = crude protein, (b) NDF = neutral
detergent fiber, (c) ADF = acid detergent fiber and (d) DMD = dry matter
digestibility of four interspecific hybrids Paspalum, Azuldo and Aruana.
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4.1. FINAL CONSIDERATIONS

Results presented in this thesis showed a greater variability among
genotypes for all traits was detected when different N rates were applied. These
results are important for the selection of genotypes tested at various N rates,
especially when plants are under N deficiency stress, because phenotypic
variability among genotypes decreases, as their yield potential cannot be
expressed. Moreover, the results revealed that N fertilizer application is needed
to optimize and maintain biomass yield, cold tolerance and persistence of the
genotypes.

It is essential an improving NUE of plants for reducing input of
fertilizers, while maintaining an acceptable yield and sufficient profit margin for
the producers. Results of this study revealed that hybrid 1020133 had NUE
greater or similar than Aruana and Azuldo, i.e. showed efficient in utilizing N
and converting to forage production. Therefore, genotype selection is an
important tool to improve this trait.

Our findings also showed that grass-legume mixture had biomass
yield similar to the rate of 60 and 120 kg N ha. In addition, grass-legume
mixture had greater nutritive value than grass monoculture fertilized with N.
Thus, grass-legume mixture can be an alternative to replace N fertilizer
application, because legumes can contribute to raising the efficiency of
conversion of forage to animal protein and especially substituting inorganic N-
supply with symbiotic N2 fixation.

The artificial hybridization technique used in native species provides
novel genetic resources for livestock production systems. Besides that, our
findings revealed that hybrids had a positive response for biomass yield and
nutritive value when subjected to additional N rates, especially, hybrid 1020133
that showed Total-DMY similar to Aruana and Azuldo, as well as greater Leaf-
DMY greater than Aruana. In addition, hybrid 103061 had greater CP and DMD
and lower NDF and ADF than Aruana and Azuldo. Therefore, hybrids 1020133
and 103084 are indicated to new steps within the breeding program, such as
evaluation of seed production and animal performance.

It is suggested the replication of the study at additional sites and
years to provide information about results that could be expected under different
soil types, environmental conditions, and grazing management. More research
is also needed to evaluate profitability of the grass—legume system to a grass—N
fertilizer system. In order, for the grass-legume system to be profitable for
livestock system, the price of annual legume establishment must be lower than
the price of N fertilizer. Moreover, more research is needed to identify legume
species that may be more promising for a Paspalum—legume mixture, under
other climate and soil conditions.
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