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ABSTRACT: For many decades, animal production in southern Brazil has been based on na-
tive forage grasses. Paspalum notatum Fliigge (bahiagrass) is one of the most frequently used
native grass in southern Brazil. The native germplasm of P. notatum is tetraploid and displays
apomictic reproduction; hence, chromosome doubling of sexual diploid accessions is required to
facilitate hybridization. The main goal of this study was to evaluate forage production and other
agronomical evaluation of P. notatum intraspecific hybrids in order to obtain new varieties that
could be registered and/or protected and launched as new cultivars in the future. Three tetra-
ploid sexual genotypes were crossed with the ecotypes Bagual and André da Rocha. Biomass
production (leaf, stem, and inflorescence fractions), plant growth habit, plant height, number of
tillers, and frost damage were evaluated in the resulting hybrids. The general combining ability
(GCA) and specific combining ability (SCA) were calculated for the six families generated. We
evaluated 196 hybrids and the most productive yielded 42 % more total dry mass than the most
productive parent (ecotype Bagual), and Bagual production was seven-fold higher than that of
cultivar ‘Pensacola’. The highest GCA values were observed for Bagual and Q4205. No correla-
tion was observed between leaf coloration and the frost effect or regrowth in the following winter.
Similarly, no correlation between plant growth habit and dry mass production was observed. The
reproduction mode of the most productive hybrids are currently being analyzed in larger plots to
identify apomictic and sexual genotypes for future registration and protection.

Introduction

Native grasses from southern Brazil have com-
prised the basic resource for livestock production for
many decades. Inadequate management and biotic limi-
tations have led to the current state of pasture degrada-
tion. Native pastures of the state of Rio Grande do Sul
play an important role in animal production, accounting
for the largest resource for beef cattle production. The
most prominent native grasses belong to the genus Pas-
palum L., which have good forage value and grow well
in hot climates (Nabinger et al., 2009). However, in cold
temperatures, the plants present reddening of leaves
and rhizomes due to flavonoid accumulation, which
can be used as a morphological marker to assess cold
stress tolerance (Moon et al., 2006). P. notatum Fligge
(bahiagrass) is one of the most prevalent native species
in southern Brazil, with good forage quality and high
resistance to grazing and animal trampling (Cidade et
al., 2013).

Cytological studies have found that most Paspalum
species are predominantly tetraploid that reproduce by
apomixis and have a counterpart diploid cytotype that
reproduces sexually (Ortiz et al., 2013). The native P.
notatum germplasm from Rio Grande do Sul is tetra-
ploid and displays apomictic reproduction (Forbes and
Burton, 1961). Completely sexual tetraploid plants were
produced directly from sexual diploids plants of natural
bahiagrass populations by colchicine treatment (Quarin
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et al., 2001, 2003; Weiler et al., 2015). The subsequent
use of duplicate genotypes in intraspecific mating sys-
tems opens new possibilities for breeding programs (Re-
bozzio et al., 2012).

The apomictic F1 hybrids derived from sexual x
tetraploid crosses can enter agronomic performance in
field trials. The forage seed market has great interest to
register and protect varieties with higher forage yield
than the "common” cultivars available. The plants used
in this study, which display superior agronomic traits,
are immediate candidates as new cultivars to promote
pasture diversification with increased productivity (Si-
mioni and Valle, 2011). This study evaluated forage pro-
duction and other agronomical evaluation of P. notatum
intraspecific hybrids. In addition, GCA and SCA were
used to identify the best parents to be used in future
crossings within the forage breeding program. The cor-
relation between anthocyanin with cold tolerance as
well as between plant growth habit and dry mass pro-
duction was measured.

Materials and Methods

The study was performed in Eldorado do Sul in
the state of Rio Grande do Sul (latitude 30°29" S, lon-
gitude 51°06" W and altitude 62 m). The local climate
is Cfa: subtropical with no defined dry season and the
temperature of the hottest month is above 22 °C. The
average minimum and maximum annual temperatures
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in the region are 14 °C and 24.2 °C, respectively, and
the annual average temperature is 19.6 °C. The aver-
age annual rainfall is 1.398 mm, and the average annual
relative humidity is 79 %.

Three tetraploid sexual genotypes, Q4188, Q4205
(Quarin et al., 2003), and C44X (Quarin et al., 2001),
were obtained in collaboration with the Botanical Insti-
tute of Northeast Argentina (IBONE), Corrientes, Argen-
tina, and were crossed with elite tetraploid germplasm
native to the state of Rio Grande do Sul ecotypes Bagual
and André da Rocha. The crosses were performed using
the methodology described by Burton (1948) in order to
obtain a hybrid progeny. We obtained 250 hybrids from
crosses between the female parents 04188, 04205, and
C44X and the male parents André da Rocha and Bagual
of which 196 were evaluated in the field (through four
replicates). Moreover, four clones of the parents and the
cultivar 'Pensacola’ were evaluated with random dis-
tribution. Twenty-nine hybrids of progeny A (04188 x
André da Rocha), 44 of progeny B (04188 x Bagual), 37
of progeny C (04205 x André da Rocha), 27 of progeny
D (Q4205 x Bagual), 26 of progeny E (C44X x André
da Rocha), and 33 of progeny F (C44X x Bagual) were
evaluated.

The F1 seeds were germinated in Petri dishes
containing germitest paper and the resultant seedlings
were transferred into honeycombed trays containing
commercial substrate when they presented their first
fully expanded leaves. When the plants presented four
or more tillers, the tillers were separated into four dif-
ferent pots to obtain four clones to be used as replicates
in the field. These replicates were planted in the field
with 1 m spacing between plants within and between
rows, using a completely randomized experimental de-
sign. Immediately after transplantation, the plants were
watered using sprinkler irrigation to facilitate seedling
establishment.

Two cuttings were taken during the 1% year of
evaluation to estimate dry mass production, and three
cuttings were taken during the 2°¢ year. The plants
were cut when they reached an average height of 20
cm, leaving a residue of 5 cm from the ground height.
The collected plants were separated into three groups:
leaves (leaf blades), stems (stems and sheaths), and in-
florescences. Plant growth habit was visually evaluated
at each cutting. Five classes of plant growth habit were
assigned based on a scale of 1 to 5, where 1 meant "pros-
trate”, and 5 meant "erect”. The number of tillers per
plant was quantified by counting all tillers presenting
expanded leaves and plant height was measured using a
graduated ruler (Figures 1A and B).

Similarly, intensity of leaf coloration was assessed
visually before the first frost in the field during winter
to investigate possible correlations between anthocyanin
accumulation with cold tolerance and with the regrowth
following winter. Leaf color was scored on a scale of 0 to
10 in which O represented plants with completely green
leaves and 10 referred to red leaves.
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The effects of cold were evaluated in the spring
through qualitative scoring of leaf damage on a scale of
1 to 4, where 1 represented plants showing little or no
damage and 4 meant plants with many or all leaves af-
fected. Plant survival following the winter period was
evaluated in the next spring, using a scale from 1 to 4,
where 1 represented plants with low survival and 4 re-
ferred to plants with a vigorous of regrowth.

The data were computed and analyzed using SAS
(Statistical Analysis System, version 6.12). Total dry
mass (TDM), leaf dry mass (LDM), inflorescence dry
mass (IDM), stem dry mass (SDM), plant height, and
number of tillers for each accession were compared
with the control, ecotype Bagual, using Dunnett's test
for multiple comparison (p < 0.05). The ecotype Bagual
was used as a control because it is tetraploid and pre-
sented a good performance in previous trials outyielding
cultivar 'Pensacola’

The General Combining Ability (GCA) and Spe-
cific Combining Ability (SCA) were calculated for all
the hybrids of the six families generated. Finally, cor-
relations between LDM, SDM, IDM, TDM, number of
tillers, plant height and between TDM and number of
tillers were performed. Additionally, TDM for the third
cutting, plant growth habit, leaf anthocyanin coloration,
frost effect , and survival following winter were ana-
lyzed using the Pearson product-moment correlation co-
efficient.

Figure 1 - Measurement of plant height using a graduated ruler
and evaluation of the plant growth habit: (A) prostrate plant, and
(B) erect plant.
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Results and Discussion

The average dry mass production for the 20 most
productive genotypes among all the 196 hybrids, the par-
ents, cultivar 'Pensacola’, and the five least productive
genotypes are presented in Table 1. The TDM for each
cutting was compared to ecotype Bagual, which was
the most productive male parent. The rankings of the
most productive genotypes varied among the cuttings
with the more pronounced changes occurring following
the winter of 2011, due to the differential response of
the genotypes to low temperatures (Table 1). Total dry
matter production decreased in the spring cuttings of all
hybrids, even those with good production in the 1% year,
but increased again in subsequent cuttings.

Hybrids D17 and C17 had good production in the
first four cuttings, but did not follow the production in-
crease of the remaining genotypes in the fifth cutting
(Table 1). Hybrids C15, C1, C23, B8, B29, B28, D6, B4,
D25, C35, D24, and A13 were among the 20 most pro-
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ductive during the 1% year of production; however, they
did not maintain the same performance levels following
winter, and were not among the most productive geno-
types in the 2° year of production. A similar behavior
was observed for genotype C15, which was the fifth
most productive in the 1% year, but reduced its produc-
tion in the 2™ year.

Hybrid D3 had the highest cumulative dry mass
production for the five cuttings (597 g TDM per plant)
and its total yield was 42 % higher than that of the
most productive parent, ecotype Bagual (420 g TDM
per plant). The seasonal distribution of TDM produc-
tion of some selected genotypes, highlighting the male
parents Bagual and André da Rocha, which presented
the highest productivity, increased in the fourth cutting
and some of the highest productivities in the fifth and
final cuttings. This response could be attributed to the
adaptation potential that native ecotypes have.

The five most productive hybrids had higher pro-
duction than the remaining genotypes, including their

Table 1 - Total dry mass (TDM) production for the five cuttings, in grams, of the 20 most productive genotypes, the five least productive

genotypes, parents, and cultivar ‘Pensacola’.

TDM Year 1 TDM Year 2 Cumulative TDM for the 2 years
Genotype Cutting 1 Cutting 2 Total Genotype Cutting 3 Cutting 4 Cutting 5 Total Genotype Total
D3 96.7* 70.0* 166.7 D3 112.3* 80.1 238.0 430.4 D3 597*
D17 64.2* 65.2 129.3 B43 59.7 50.2 247.8 357.7 D16 456
Cl7 67.7* 59.1 126.7 C24 89.0 69.1 196.7 354.8 Cl7 454
D16 58.9* 59.0 117.8 B17 77.5 56.6 215.2 349.2 C2 446
C15 62.8* 51.6 114.4 D16 81.6 57.9 198.9 338.4 B17 439
C2 60.6* 52.5 113.1 F15 35.4 57.0 241.7 334.1 D17 438
Cl 58.2* 50.6 108.7 C2 78.4 83.6 170.9 332.9 B43 425
C23 52.2 50.9 103.1 C18 92.1% 49.6 189.8 331.5 C24 425
B8 42.0 54.8 96.7 Cl17 93.5% 60.4 173.5 327.4 D25 414
B29 435 51.4 94.9 C32 59.8 63.1 201.3 324.1 Cl18 412
B28 43.9 49.7 93.6 D25 49.9 58.9 214.1 322.8 F15 405
D6 41.8 51.4 93.2 C9 71.8 48.9 190.7 311.3 F29 392
B4 43.2 49.5 92.6 F24 33.2 62.9 213.8 310.0 B26 388
D25 41.2 49.7 90.8 D17 81.7 47.9 179.1 308.6 B37 377
B17 41.8 48.1 89.9 B37 81.8 58.8 165.6 306.2 F24 372
C35 48.8 39.7 88.5 B26 70.6 60.8 173.2 304.5 C32 366
F29 47.5 40.5 88.0 F29 30.6 51.8 221.4 303.7 9, 363
D24 441 41.3 85.4 Cé 48.9 60.1 186.5 295.5 C6 362
Al3 43.6 39.6 83.2 A20 55.8 49.4 182.2 287.3 Cils 360
B26 42.4 40.6 83.0 D23 445 38.2 191.3 273.9 B29 356
BAGUAL 20.5 26.9 47.4 BAGUAL 40.9 74.0 258.6 373.4 Bagual 421
André da Rocha 8.6 9.9 18.6  André da Rocha 19.0 48.8 224.2 292.0 André da Rocha 311
Q4188 19.3 29.9 49.2 Q4188 38.6 25.8* 79.8* 144.3 Q4188 193
Q4205 10.8 12.2 23.0 Q4205 9.3 6.5* 22.2* 38.0 Q4205 55
C44X 1.8 1.6 3.4 C44x 45 8.3* 32.4* 45.1 C44X 50
‘Pensacola’ 4.6 6.3 10.9 ‘Pensacola’ 10.9 19.8* 45.4~ 76.1 ‘Pensacola’ 87
D21 2.5 2.0 4.5 E5 2.8 3.3* 17.3* 235 E5 34*
F5 1.7 1.4 3.0 A35 6.3 3.5 11.9* 21.7 F5 28*
E22 0.9 0.9 1.8 D21 4.2 2.1 9.6* 15.9 A35 23*
D15 0.8 1.2 1.6 E19 2.7 3.3* 9.7* 15.6 D21 22*
A21 0.2 0.2 0.4 D15 1.6 0.9* 7.6* 10.1 D15 11*
*Different from ecotype Bagual within the same column at p < 0.05.
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parents, until the fourth cutting. However, in the last
cut, the male parents surpassed them in terms of TDM.
The female parent C44X had low productivity during the
entire period of evaluation. On the other hand, Q4188
was the most productive female parent, with higher dry
mass production than the average of its progenies. Fami-
ly E presented the lowest dry mass production, followed
by family A, whereas families B, C, D, and F had a very
similar performance with higher production levels than
the remaining two families did.

Regarding growth habit among the 20 most pro-
ductive plants, eight were erect, while 12 had a prostrate
growth habit (Table 2). Erect plants invest less in reserve
structures, such as aboveground rhizomes, and this may
influence their survival under high grazing intensity or
environmental stresses, such as cold stress during win-
ter. Pedreira and Brown (1996) evaluated the growth
habit and persistence of Paspalum notatum accessions

Evaluation of Paspalum notatum hybrids

and observed that plants with greater plant height, but
fewer aboveground rhizomes showed less survival rates
following winter.

P. notatum is most often found in fields with low
forage height due to its ability to support excessive graz-
ing, due to the presence of survival structures (Nabinger et
al., 2009). The erect types may require management that
is more careful. The five least productive hybrids had a
prostrate growth habit. Pedreira and Brown (1996) report-
ed that selection for increased productivity in P. notatum
seems to result in taller plants with fewer reserve structures
(rhizomes) and with a greater tendency to suffer cold dam-
age. Leaf coloration due to anthocyanin accumulation was
evaluated during winter. High variation in leaf color was
observed, with scores ranging from 0 to 10 (Table 2). How-
ever, correlations between anthocyanin accumulation and
frost effect (r = 0.03) or plant survival following winter (r =
0.01) were not observed in this study (Table 3).

Table 2 - Number of tillers per plant, plant growth habit, anthocyanin coloration, cold tolerance, and survival following winter of the 20 most
productive hybrids, female parents, male parents, cultivar Pensacola, and the five least productive hybrids.

Genotype Avgrage number of Plant . Anthocy_anin Cold Sgrvivql
Tillers per plant growth habit Coloration! Tolerance? following winter?
D3 1144 Erect 3 2 3
D16 970 Prostrate 2 2 3
Cl7 855 Erect 6 2 3
C2 860 Prostrate 1 3 3
B17 1137 Prostrate 5 3 3
D17 957 Erect 0 2 3
B43 985 Prostrate 7 2 4
C24 922 Prostrate 4 2 4
D25 922 Erect 5 2 3
C18 919 Prostrate 6 3 3
F15 1011 Prostrate 6 3 2
F29 989 Prostrate 6 3 2
B26 830 Prostrate 4 2 3
B37 909 Erect 3 2 3
F24 986 Prostrate 5) 3 2
C32 901 Erect 4 3 3
C9 827 Prostrate 5 3 3
C6 911 Erect 5 2 3
Cl5 660* Prostrate 5) 2 3
B29 713 Erect 7 2 4
Bagual 1053 Prostrate 5 3 2
André da Rocha 945 Prostrate 5 3 3
Q4188 480* Erect 4 2 3
Q4205 143* Erect 6 2 1
C44X 237* Prostrate 0 3 1
‘Pensasola’ 324~ Prostrate 4 3 1
B9 144~ Prostrate 3 3 1
F5 95~ Prostrate 5 2 1
A35 118* Prostrate 8 2 2
D21 101~ Prostrate 3 2 1
D15 53" Prostrate 9 3 1

*Different from ecotype Bagual (p < 0.05); 'Leaf color was scored on a scale of 0 to 10, with O representing plants with completely green leaves and 10 those with
red leaves; 2Effects of cold scoring of leaf damage on a scale of 1 to 4, with 1 representing plants showing little or no damage and 4 representing plants with many
or all leaves affected; 3Plant survival following the winter using a scale from 1 to 4, where 1 represented plants with low survival and 4 represented plants with a

vigorous of regrowth.
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Costa and Scheffer-Basso (2003) reported that
P. dilatatum leaves become purplish during winter, in-
dicating high anthocyanin content. The purplish leaf
color in winter grasses has been associated with the ac-
cumulation of soluble carbohydrates. It has also been
associated with plant growth habit and growth under
cold temperatures. In Agropyrum sp., leaf anthocyanin
coloration was found to be negatively correlated with
plant height and positively with the prostrate growth
habit, indicating that it may be an effective phenotypic
marker for slow growth under low temperatures (Hu et
al., 2001). This contrasts with the present study, since a
significant correlation between anthocyanin coloration
and plant growth habit was not observed. Moon et al.
(2006) reported that anthocyanin accumulation occurs in
response to stresses, and changes in leaf color were ob-
served even though no frost occurred before evaluation.

Regarding the visual evaluation of cold effects
on plants following winter, all plants presented winter-
killed leaves, with damage varying from moderate to
severe. A high correlation was observed between frost
effect and plant growth habit (r = 0.97). The most pro-
ductive hybrids were those with higher survival and
regrowth following the winter. Regrowth was signifi-
cantly correlated with total dry mass production for the
first cutting in the spring (r = 0.60).

The Pearson product-moment correlation coeffi-
cients between leaf dry mass (LDM), stem dry mass
(SDM), inflorescence dry mass (IDM), total dry mass
(TDM), number of tillers, and plant height are present-
ed in Table 4. Leaf dry mass had the highest correlation

Table 3 — Pearson correlation coefficient for total dry mass (TDM),
total dry mass for cutting 3 (C3 TDM), number of tillers, plant
growth habit, anthocyanin coloration, effect of frost, and survival
following winter.

Variable TDM C3 TDM Tillers Habit Anthocyanins Frost Survival
TDM

C3TDM 0.63*

Tillers 0.78* 0.48*

Habit 0.06 0.24* 0.02

Anthocyanins 0.04 0.12* 0.04 0.03

Frost 0.05 0.23* 0.01 0.97* 0.03

Survival 0.49* 0.60* 0.33* 0.30* 0.01 0.30*
*p<0.05.

Table 4 - Pearson product-moment correlation coefficients between
leaf dry mass (LDM), stem dry mass (SDM), inflorescence dry mass
(IDM), total dry mass (TDM), number of tillers and plant height.

Variable LDM SDM IDM TDM Tillers Height
LDM

SDM 0.62*

IDM 0.56* 0.89*

TDM 0.93* 0.86*  0.80*

Tillers 0.72* 0.67* 0.67* 0.78*

Height 0.16* 0.15*  0.06* 0.16* 0.01
*p<0.05.
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with total dry mass, with r = 0.93 %. This indicates
that it would not be necessary to separate plants into
leaves, stems, and inflorescences prior to analysis to
maintain the efficiency of selection of the best geno-
types. Further investigation is required, since signifi-
cant time savings could be achieved by eliminating this
process.

Total dry matter was obtained by adding LDM,
SDM and IDM. These variables were therefore expected
to be highly correlated with TDM, as observed (Table 4).
The only non-significant correlation observed was be-
tween plant height and the number of tillers. Even when
plant height was observed to be correlated with other
variables, these correlations had little biological signifi-
cance, with only 16 % of their effect being explained
by the correlated variable. The low correlation between
plant height and TDM may have been due to the growth
habit of some hybrids. Hybrids with a prostrate growth
habit invest more in reserve structures, growing closer
to the ground, therefore present lower plant height and
do not always show high TDM productivity.

The partial diallel analysis involves the evalu-
ation of two parental groups, either belonging to or
not belonging to a common set, with inferences per-
formed for each group separately (Cruz et al., 2004).
The parents of one group are represented by constant
numbers, which can differ from the number of hy-
brid combinations where the other group of parents
is represented. Different methods of the partial dial-
lel analysis use data from different generations, most
commonly F, or parents and their F, progeny. These
methods supply different genetic information, namely
the general and specific combination capacity or the
parental potential per se and heterotic effects, using
genetic parameters adapted from Griffing (1956). The
partial diallel, crossing scheme for TDM production of
the hybrid combinations of two male and three female
parents is presented in Table 5. The values are averages
of four replicates of each hybrid, e.g. for the crossing
between André da Rocha and Q4188, 28 hybrids and
respective replicates were considered, and 146.2 is the
average TDM production for all progeny.

The GCA is used to designate the average perfor-
mance of a parental line for all crossings in which it
participates (Sprague and Tatum, 1942) and is associated
with allele and epistatic additive effects. The general

Table 5 - Average total dry mass (TDM) yield for hybrids resulting
from the crossing between male parents Bagual and André da
Rocha (AR) and female parents Q4188, Q4205, and C44X.

Male parents

Female parents AR Bagual Total
Q4188 146.2 205.3* 351
Q4205 227.2* 231.8* 459
C44X 75.8 182.9 258
Total 449.2 620.0 1069
*p <0.05.
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combining ability explains the proportion of genotypic
variance due to the additive effects of genes (Trindade
et al., 2015). High GCA, either positive or negative, in-
dicates parental lines that are greatly superior or infe-
rior to the other lines in the diallel crossing. GCA values
close to zero indicate performance that does not differ
from the overall average for all hybrid combinations
(Cruz et al., 2004).

On the other hand, SCA is used to designate cases
in which certain hybrid combinations are relatively dif-
ferent from what would be expected based on the aver-
age performance of the two parental lines (Sprague and
Tatum, 1942). Falconer (1981), however, defined SCA as
the deviation of the average performance for a given com-
bination from the average of the respective parental lines.
The specific combining ability indicates the importance
of non-additive interactions resulting from gene comple-
mentation between parental lines, allowing the prediction
of genetic gains due to heterosis (Borges et al., 2011).

The highest GCA values were observed for male
parent Bagual and female parent Q4205 (Table 6). These
two parents are therefore recommended for the forma-
tion of base populations for future selections. The geno-
type Q4205 invested little in reserve structures and pre-
sented erect growth habit. A large part of its dry mass
could be removed by cutting or grazing. By contrast,
female parent C44X invested a large part of its photo-
assimilates in reserve structures, presenting a prostrate
growth habit and shorter leaves.

In contrast, when there is interest in using a spe-
cific parent to create hybrids, SCA estimates are use-
ful to select the best parental combination (Silva et al.,
2013). If, for example, there is a particular interest in
Q4205, a cross with Bagual is recommended, since the
resulting hybrids showed the highest SCA.

A further study is being conducted to evaluate the
most productive hybrids in larger plots by observing
their agronomic behavior and evaluating their produc-
tivity in a homogeneous environment with competition
for light and nutrients. The mode of reproduction (apo-
mictic or sexual) of the selected hybrids was evaluated
using cytoembryological analysis and molecular mark-
ers (Weiler et al., 2017). Once the agronomical value
of the apomictic genotypes is confirmed, they will be
registered and protected as cultivars, and sexual plants
with high productivity may remain in the program to
be used as a female parent in future crossings.

Table 6 - Estimates of General Combining Ability and Specific
Combining Ability effects between male parents Bagual and André
da Rocha (AR) and female parents Q4188, Q4205 and C44X.

Specific Combining Ability

General Combining Ability

Female Parent Male Parent Female Parent Male Parent

AR Bagual
Q4188 -2.5 AR -28.5 Q4188 1.1 1.1
Q4205 51.3 Bagual 28.5 Q4205 26.2 -26.2
C44X  -48.9 Ca4x -25.1 25.1
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Conclusions

Evaluation of dry mass production of the hybrids
showed genotypes with high hybrid vigor and higher
productivity than most productive parents did. In addi-
tion, the most productive hybrids showed the most vig-
orous regrowth following winter and are candidate to be
assessed on yield trials to become a commercial variety.

In this study, there is no correlation between
anthocyanin coloration and effect of cold tolerance or
regrowth following winter and no correlation between
plant growth habit and dry mass production. There is,
however, a strong positive correlation between plant
growth habit and effect of frost damage.

The best parents to be used in future crossings
are ecotype Bagual (male) and genotype Q4205 (female),
since their progenies presented superior characteristics
and a high potential to form superior hybrids. These new
hybrids have a great potential to become new cultivars
for farmers, contributing not only to animal production,
but also to the seed industry.

Leaf dry mass was highly correlated with total dry
mass, indicating that, in future studies, it may not be
necessary to separate the plant parts in order to effec-
tively evaluate forage yield. This option will save time,
money and will contribute to accelerate the selection
process, since less labor will be needed.
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