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ABSTRACT

The objective of this work was to provide means to obtain genetic gain in apomictic species of tRagpalusn
by identifying traits that simultaneously show high correlation and heritafilitys, to determine the amount of
phenotypic variation due to genetic and environmental effects and the degree of association between leaf dry matter
production and other traits of forage interest that are easy to select and measure will bring agility and economy in the
selection of forage species. The experiment was conducted in the years 2009/10 and 2010/11 in the municipalities of
Eldorado do Sul andlugusto Pestana, RS, Brazil, in a randomized complete block design with three reflivates.
increase in the direct selection pressure on total and leaf dry matter of apomictic accesses of Hespgalwmds
enhanced by a greater contribution of genetic effects than environmental effects on the composition of the phenotypic
variance. Hicient genetic gain in leaf production is achieved by indirect selection of total dry madtieh is a trait of
high heritability and easy to select and measure.
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RESUMO

A busca de ganho genético em espécies apomiticas do géRaspalum

O objetivo do trabalho foi fornecer subsidios para obtencao de ganho genético em espécies apomiticas do género
Paspalunpela identificacdo de caracteres que evidenciem simultaneamente alta correlacdo e herdabgidgde.
dimensionar o quanto da variagéo fenotipica é devido a efeitos genéticos e ambientais e o grau de associacao existente
entre a producdo da matéria seca de folha como outros caracteres de interesse forrageiro de mais facil selecédo e
afericdo, proporcionara agilidade e economia no processo de selecao de plantas forrageiras. O experimento foi condu-
zido nos anos de 2009/10 e 2010Abs municipios de Eldorado do SAlegusto Pestana, RS, Brasil, em um delinea-
mento experimental de blocos casualizados com trés repeticdes. Nos acessos apomiticos Baspzihenm
aumento da pressao de selecdo direta sobre a matéria seca total e de folhas é fortalecida pela maior contribuicdo dos
efeitos genéticos do que ambientais sobre a composicao da variancia fenotipica. O ganho genético na producéo de
folhas se mostra eficiente via selecéo indireta pela matéria seca total, carater de elevada herdabilidade e de mais facil
selecdo e afericéo.
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INTRODUCTION Paspalunby identifying traits that simultaneously show

high lati heritabilit therefore, t

Edaphoclimatic conditions in the Southern Cone areIg correlation and heri ab'.' yan_d,_ erg ore, fo measu_re
how much of the phenotypic variation is due to genetic

favorable for high meat and milk yields, which generatgnd environmental effects and the degree of association

the ne(_ed to deyelop cultivars with great_ potenual _fo(gf leaf dry matter with other traits of forage interest that
producing quality forage. In these conditions, native

. are easy to select and measure.
species of the genuBaspalumhave advantages over

the exotic species because of the greater adaptation and
great intra- and interspecific variability in forage—relate(MATERlAL AND METHODS

traits (Pereir@t al, 2012; Daureli@t al, 2014). The study was conducted in the years 2009/10 and

The genudaspalumincludes the largest number of2010/11, in two locationsAt theAgronomic Experimental
native species and also those with the highest quality sfation (EEA) of theAgronomy College, UFRGS, in the
animal feed (Nabingest al, 2009Aguileraet al, 2011).  municipality of Eldorado do Sul, RS, within the coordinates
However research that assists in selection strategies f80°06'02" S and 51°41'2%, 34 m altitude. EEAs located
the breeding of these species in Brazil is scarce. jmthe Central Depression Region, climate type Cfa, humid
addition, for being an apomictic species, the progeny btropical with hot summeaccording to the Képpen
genetically identical to the parent plant, without the alleliglassification, and average annual rainfall of 1440 mm. The
recombination from the union of gametes that is essentigdil is classified as typic Dystrophic Radgisol (PVd)
in the development of new genotypes. On the other handcated in the S&o Jerénimo Mapping Unit (Strethl,
when one of the parents presents sexual reproducti@®08), shallow with fine sand texture. The other location
there is the possibility of genetic variabilityhich may was at the Regional Rural Development Institute (IRDeR)
allow the recovery of elite progenies with the fixation obf the Department agfgrarian Sudies (DEAg), UNIJUI,
alleles in the first generation of self-fertilization due to théh the municipality ofAugusto Pestana, RS, within the
apomixis itself (Acufiet al, 2009;Valleet al., 2009). coordinates 28°25'58" S and 54°00’24'290 m altitude.

A number of studies have been carried out to assistliRDeR is located in the Middle Plateau Region, climate
obtaining genetic gain in the geneBaachiaria, type Cfa, according to Képpen classification, and average
PennisetumTrifolium, and others through breedingannual rainfall of 1600 mm. The soil is classified as typic
programs (Montardet al, 2003; Silvaet al, 2008; Borges dystroferric Red Latosol, dark red cgldeep and clayey
etal, 2011), but in relation to the gerPaspalumthere texture (Streclket al, 2008).
are no reports of such studies in the literature. In this way The experiment was arranged in a randomized block
studies on heritability and correlation can provide morgesign with three replications in both locations. The ex-
conclusive criteria on the selection pressure of a speci@grimental units consisted of plots with six rows of 2.20 m
favoring the selection of genotypes with superioin length and 0.20 m apart. Plants in the rows were spaced
performance (Beniat al, 2009; Galargat al, 2010). Itis  0.20 m apart, totaling 60 plants per plot. The following
worth noting that, in forage species, selection is preferabiBaspalumaccessions were used in the study: 28B, 26A,
performed directly on the trait of greater importance sugk8C, 26D and 28E of the specR$eptonandAzulzo and
as leaf production, for its high nutritional value and foBaio of P. guenoaum These accessions were selected
being the plant part preferentially consumed by animafgom a collection belonging to the Department of Forage
(Brancioet al, 2003). Howeverthe estimation of this Plants andAgrometeorology of UFRGS, which were
character requires more time and labor due to the need ¢oflected from natural environments of Rio Grande do Sul.
botanical separation. These accessions stood out, in preliminary studies, for

The correlations that indicate beneficial associatiogreater forage production and for presenting nutritional
do not always show cause andesft with safety and cytogenetic characteristics for use in breeding
compromising the benefits via indirect selection (Guz programs (Reist al, 2008; Pereirat al, 2011).
al., 2004). Therefore, path analysis comes up as a The plants were cut when the leaves reached an average
complementary technique indicating the true association$35 cm in height and remained with 10 cm from the soil.
of cause and effect on the main variable of interest. Thie variables measured were total dry matter (TDM, kg ha
procedure aims to measure the true relationships suchagaf dry matter (LDM, kg hg, culm dry matter (CDM, kg
in the components of grain yield of grain species (Lop&za?), leaf/culm ratio (LCR, kg k8, harvest index (HI, kg kg
& Franke, 2011, Kriigeet al, 2011), as well as forage ), and tiller number (TIN, rf) in each cut. Cuts were summed
species (Silvat al, 2008; Borgest al, 2011). up for TDM, LDM and CDM. LCR and Hl were obtained by

The objective of this work was to provide means tdividing the mean productions in each year and location of
obtain genetic gain in apomictic species of the geni$M by CDM and LDM byTDM, respectively
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Data were examined by analysis of variance pén the recovery of the genotype with superior performance
location to obtain the mean squared values of tHer these variables. There was lack of genetic variance for
genotypes in the mean of the years of cultivatiorthe trait TIN, indicating difficulty in obtaining genetic gain
involving, overall, the cumulative effect of years andn the populations evaluated. Thus, the selection of su-
locations in the model. This procedure is recommendgxrior plants from apomictic progenies derived from these
by Kriigeret al. (2011) for ensuring consistency in thegenotypes requires greater variability in the trait TIN,
estimation of heritabilities and correlations. The meamainly from the sexual female parentAlmgusto Pestana
square values were used to determine the genef@2009/10 +2010/11), a greater participation of genetic effects
parameters, according to Carva#i@l (2001). Following, was also observed in the composition of the phenotypic
the data were subjected to Pearson correction analysis&riance in the traits TDM and LDM. On the other hand,
obtain the magnitude and direction of associations betwe€®DM showed intermediate heritability and LCR, HI and
the traits studied (Falconer & Macka¥996).The TIN showed a strong participation of the environmental
significance of the correlations was tested byttiest at variance (&@ble 1).This condition confirms that the
5% probability according to ®el & Torrie (1980), with n  selection pressure on LCR, Hl and TIN in populations of
- 2 degrees of freedom, using the model clonal hybrids is strongly affected by the environment,
t=t/[(1- r2)/(n - 2)]0,5 indicating the neec_i for gr.eater. gxpgrimental con.trol to

reduce the error in the identification of genetically
where r is the correlation coefficient between the charactgrgomising plants.
X and Y and n is the number of degrees of freedom at the In the overall analysis (cumulative effect of years and
considered levels. locations), the results confirm the greater facility of
. election in these species using TDM and LDM due to
Therefore, the analysis involved a total of n = 4 e high heritabilities @ble 1). On the other hand
[Eldorado do Sul (2009/10 + 2010711 + 7 apomictic accessglﬁqough CDM and LCR indicate intermediate values th;eir
+ 3 replications)]; n = 42 [Augusto Pestana (2009/10 + '

; o estimates are more difficult because they involve leaf and
2010/1011 + 7 apomythic accesses+3repllcatlons)]:anaI e u y Involv

culm separation, especially in a selection population with
n = 84 [Overall (Eldorado do Sul Augusto Pestana + P pecially pop

2009/10 + 2010/2011 + 7 apomictic accesses +Igrge numbers of individuals. Howevethe reduced

S . . . contribution of the genetic variance to HI and TIN
replications)]. Laterfor biologically appropriate and safe . e . o
: . . . reinforces the difficulty of genetic gain in the recovery of
interpretation, the degree of collinearity between the

. . - . superior plants. High heritabilities enhance the gains with
independent variables was verified (Coimétral, 2005). P p g - g
. .the selection, by determining the amount of the phenotype
When there was a moderate to strong multicollineari L . ;
. at has the participation of the genetic and environmental
among the explanatory variables (based on th

L effects, which is essential for the definition of the best
classification proposed by Montgomery & Peck, 2001), a . .
i - experimental arrangement and the selection pressure to
k value was obtained; a coefficient that seeks to remoge ) . . :
the effects of multicollinearity in the model. From this point.. defined in the research condition (Assial, 2010). It
vy ) P 'ﬁ worth noting that heritability directly participates in the

onwards, the correlations were unfolded through pat . . . .
gn p rediction of genetic gain regardless of the selection

analysis into estimates of the direct and indirect effectgmethod and, consequently the decision-making of the

considering leaf dry matter (LDM) as main dependerl)treeding process (Ramalkbal, 2012). Carvalhet al.
variable. Statistical analyzes were performed using tI23001) discussed that the traits that are determined in a

GENES program (Cruz, 2006). short period of time are those less subject to environmental
RESULTSAND DISCUSSION effgct; .a-lnd, therefore, V\./ould. present the highest
heritabilities, not corroborating with the results observed
The treatment mean squares (TMS) showed significaint this study since both LDM and@DM are produced in
differences among the apomictic genotypes evaluatedaimost the whole forage production cycle. However
the two-year average in Eldorado do Sul, with theecause they are apomictic clones, there is a tendency to
exception ofTIN (Table 1).Values ofTDM and LDM  homeostasis, raising, thus, the heritabilities (Cavalcanti
above six and four tons per hectare, respectigtind et al, 2003). In addition, because of the apomixis in
out in this environment. The analysis of the genetiPaspalum the recombination from the sexual parent in
parameters showed a greater contribution of genetic théne formation of new individuals can increase the number
environmental effects to the expression of TDM and LDMf alleles in heterozygosity in the F1 clone, maximizing the
due to the higher heritabilities dfdle 1). On the other benefits of hybrid vigor and bringing greater stability to
hand, CDM, LCR and Hl indicated a reduced participatiophenotype expression. Reserateal (2004) analyzed
of gene effects, which suggests lower selection pressweveralPanicum maximunhybrids and obtained
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heritabilities forTDM and LDM similar to this study butincreased culm production.Amgusto Pestana, simi-
Similar results were also reported for elephantgrass (Alst correlations were also obtained, characterizing LDM
siset al, 2010) andBrachiaria brizantha(Bassoet al, as having the greatest magnitude in the direct and positive
2009). Nonetheless, Dahet al. (2004) found high relationship with TDM. In addition, CDM also provided a
heritability for the leaf:culm ratio and lower for total drysatisfactory fitting of positive association with total dry
matter productionAccording to Souza Sobrinhet al ~ matter although being of more di€ult estimation. In this
(2005), the leaf:culm ratio expresses the variations in tle@vironment, the associations between CDM, LCR and
proportion between leaf blade and culm, which is veril even of medium to low values were also efficient in
important for the selection of grazing-tolerant genotypethe indirect and positive selection on LDM. On the other
However in spite of reduced heritabilities of LCRN  hand, an inverse correlation was found between TIN and
and HI, the results may vary according to the populatioRDM, indicating that the selection pressure for increasing
evaluated, estimation method, unit and experimentaDM, which has a positive effect on leaf production, tends
precision, without meaning that the results could b reduce tiller number per area, in opposition to that found
definitively extrapolated to other environments oin Eldorado do Sul and showing that the association
populations (Blankt al, 2010; Borgest al, 2011). between the traits is also based on the genotype by
Regarding the correlation between the variables, a higimvironment interaction @ble 2). It is noteworthy that
association of LDM with TDM was found in Eldorado doHI in the two study locations showed a high positive
Sul, indicating that the selection pressure for producticorrelation with LCR, which is an interesting association
of total or leaf dry matter influences positively thebecause in these two environments, there is a positive
simultaneous increase of these traith{& 2) Additionally,  relationship with LDM.To find greater déctiveness in
the selection pressure on LDM, which is the main trait fdhis species’ associations, an overall correlation was also
selection in forage species, besides the TDM, can alsoferformed, involving simultaneously the cumulative
increased indirectly via CDM, LCR and HI. The positiveeffects of years, genotypes and locationak(€ 2),
correlation of TIN with TDM stands out, howevethe according to Krugegt al (2011), seeking greater reliability
indirect selection via TIN did not increase leaf productiorin the study of correlations. In this condition, LDM and

Table 1: Mean squares and genetic parameters for traits of forage interest in apomictic species of fPespgaium

. Analysis ofVariance Genetic parameters
Trait Mean
EMS TMS g, o. g, h?
Eldorado do Sul (2009/10 + 2010/11)
TDM 5630810 58559901* 6430 14452325 5630810 8821515 0.61
LDM 1740487 37770822* 4247 7745543 1740487 6005056 0.78
CMS 867248 4038609* 1775 1395808 867248 528560 0.38
LCR 1.58 7.67* 2.62 2.60 1.58 1.02 0.39
HI 0.01 0.06* 0.63 0.019 0.010 0.09 0.47
TIN 15369 8577 435 15369 15369 0 -
Augusto Pestana (2009/10 + 2010/11)
TDM 5029035 56817157* 6971 13660389 5029035 8631354 0.63
LDM 2764877 29263506* 4637 7181315 2764877 4416438 0.61
CMS 527775 3637307* 1842 1046030 527775 518255 0.50
LCR 1.07 4.34* 2.97 1.61 1.07 0.55 0.34
HI 0.01 0.01* 0.65 0.003 0.002 0.001 0.26
TIN 40652 98440* 700 21993 16694 9631 0.19
Geral (Eldorado do Sul Augusto Pestana + 2009/10 + 2010/1

TDM 5347084 109858365* 6700 22765631 5347084 17418547 0.77
LDM 2296727 64297147* 4442 12630130 2296727 10333403 0.82
CMS 691164 7048231* 1808 1750675 691164 1059511 0.61
LCR 1.31 10.85* 2.79 2.90 1.31 1.59 0.55
HI 0.01 0.04* 0.64 0.02 0.01 0.01 0.33
TIN 16694 48489* 576 21993 16694 5299 0.24

*Significant at 5% probabilityTDM = Total Dry Matter (kg hd); LDM = Leaf Dry matter (kg hg; CDM = Culm Dry Matter (kg hd);
LCR = Leaf:Culm Ratio (LDM/CDM); HI = Harvest Index (LDM/TDM); TIN = Tiller Number y)nMSE = mean square of error; MST =
mean square of treatmernt, = phenotypic varianceg, = environment varianceg, = genetic variance;*h= heritability
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CDM form a high positive correlation for incrementingthis studythis parameter had little importance for selection,
TDM and the use of indirect selection via LCR could helshowing reduced heritability and associations that
to increase LDM by reducing CDMs in other conditions, compromise TDM and LDM. This trend was also observed
itis possible to use the HI for indirect and positive selectidoy Silvaet al. (2008) for different species of the genus
on LCR. In addition, TIN showed positive association oPennisetumThese authors argued that the water stress
reduced magnitude in the increase of LCR and Cbccurred in certain cuts increased the tiller denbity
Nevertheless, the genetic gains for TDM and LDM imwithout leaf expansion. The high correlation between LDM
Paspalunimprovement are proven efficient and correlatednd TDM and the high magnitude of heritability suggest
with each other in the simultaneous selection for botthat the estimation of total mass without the estimation of
characters. Furthermore, LCR and HI bring more effectiMeDM in this species is efficient, which would imply lower
and positive benefits to LDM than to TDM, but of smallecost and less measurement time. This approach would
magnitude of association and greater difficulty in traidllow the observation of a greater numbePakpalum
evaluation. The indirect selection would be more effectivepomictic recombinants, increasing the chances of
when the correlation between the two traits was high amgdientifying superior genotypes for LDM via indirect
positive and the heritability of the secondary trait waselection by TDM.
greater than that of the main trait of interest (DePauw  Regarding the direct and indirect effects, considering
al., 2007).Assiset al (2010) afirmed that selection is LDM as the main trait, the high direct correlation in
more effective when it is on high-heritability traits thatEldorado do SulAugusto Pestana, and Overall enables
have direct association with the trait of greater importancthe indirect selection via TDM to increase leaf production
An indirect trait with high heritability may provide genetic(Table 3) This condition allows the collection and analysis
progress faster than the direct selection on a main traif,data for direct evaluation by TDM. On the other hand,
especially when the main trait shows low heritability an@ve point out the considerable indirect effect via CDM in
is difficult to measure (Carvaltet al., 2001). the conditions tested and the indirect effect of TIN on
In Brachiaria, Borgeset al (2011) also observed a LDM found inAugusto Pestand@he direct eect of CDM
strong correlation of total dry matter with leaf dry matteon LDM had a strong contribution, howeyef similar
and culm dry matteBassoet al (2009) also detected indirect participation of TDM on LDM. In the LCR, the
strong associations between TDM and LDMPakpalum direct efect on LDM was also evident, howeyeén
in the different study locations. Several authors reportdétidorado do Sul the indirect effect via TDM and HI
that tiller number influences the total dry matter productiosurpassed the direct effect of altering LDM in a similar
(Alexandrinoet al,, 2005; Silveet al., 2008). Howevein  way to that occurred in the Overall analysis. Then, in

Table 2: Phenotypic correlation cdéfients of traits for forage production on apomictic species of the deammsalum

Trait LDM CDM LCR HI TIN
Eldorado do Sul (2009/10 + 2010/11)
TDM 0.97* 0.91* 0.13 0.29 0.32*
LDM 0.80* 0.33* 0.50* 0.27
CMS -0.22 0.01 0.34*
LCR 0.84* -0.10
HI -0.13
Augusto Pestana (2009/10 + 2010/11)
TDM 0.93* 0.71* 0.28 0.17 -0.35*
LDM 0.44* 0.57* 0.49* -0.12
CMS -0.43* -0.43 -0.53*
LCR 0.86* 0.38*
HI 0.57*
Overall (Eldorado do Sul Augusto Pestana + 2009/10 + 2010/1
TDM 0.95* 0.82* 0.14 0.17 -0.03
LDM 0.64* 0.47* 0.50* 0.05
CMS -0.31* -0.19 -0.12
LCR 0.85* 0.24*
HI 0.29*

* Significant by thet test at 5% probabilityTDM = Total Dry Matter (kg hd); LDM = Leaf Dry matter (kg h§; CDM = Culm Dry Matter
(kg ha?); LCR = Leaf:Culm Ratio (LDM/CDM); HI = Harvest Index (LDM/TDM); TIN = Tiller Number {m
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Augusto Pestana, the effect of LCR on LDM becameéry matter (Borgest al, 2011). Silvat al (2008) observed
effective via TIN. Regarding HI, although the direct effecthat the leaf:culm ratio in accessions of the genus
had a strong participation in LDM, the indirect effect vidPennisetunprovided one of the smallest direct effects on
TDM and LCR showed higher magnitude paths on thtal dry matter and no positive indirect influence on other
expression of LDM in Eldorado do Sul and in the Overatraits of forage interest, except tiller numiére authors
analysis. Nevertheless, the indirect effect via CDM analso identified a negative correlation of this variable with
LCR was more ééctive inAugusto Pestana. Furthermore, dry matter production, showing disadvantages in the
for TIN, the indirect effect via TDM was shown effectiveselection via this ratio and contradicting other studies
in all conditions. It is noteworthy that Augusto Pesta- that identified a positive association of leaf:culm ratio with
na and in the Overall analysis, negative indirect effectetal dry matter production (Branciet al., 2003,

via TDM and CDM were more evident in reducing theéAlexandrinoet al, 2005).

TIN expression. IiBrachiaria, the path analysis showed  The results indicated that TDM provides along the
a marked direct effect of fresh matter weight on total drgirect and indirect effects the greatest participation,
matter suggesting a selection pressure via fresh mattgualifying the indirect selection for increasing LDM in
for the identification of superior genotypes for the totathe apomictic accesses Baspalumtested. For this

Table 3:Direct and indirect éécts of forage traits on leaf dry matter production in apomictic species of theRpspasum

Path Analysis
Variable Effect Eldorado do Sul AugustoPestana Overall
(ES) (AP) (ES+AP+2009/10+2010M)
TDM Direct on LDM 0.385 0.397 0.359
Indirect via CDM 0.299 0.275 0.300
Indirect via LCR 0.112 0.034 0.075
Indirect via HI 0.161 -0.002 0.076
Indirect via TIN -0.015 0.244 0.140
r (LDM x TDM) 0.98 0.99 0.98
CDM Direct on LDM 0.335 0.304 0.332
Indirect via TDM 0.344 0.359 0.324
Indirect via LCR 0.030 -0.030 0.003
Indirect via HI 0.067 -0.025 0.022
Indirect via TIN -0.014 0.202 0.114
r (LDM x CDM) 0.80 0.84 0.83
LCR Direct on LDM 0.195 0.149 0.171
Indirect via TDM 0.221 0.090 0.158
Indirect via CDM 0.052 -0.061 0.006
Indirect via HI 0.236 0.049 0.132
Indirect via TIN -0.017 0.100 0.077
r (LDM x LCR) 0.70 0.34 0.56
HI Direct on LDM 0.252 0.065 0.148
Indirect via TDM 0.246 -0.012 0.185
Indirect via CDM 0.089 -0.117 0.050
Indirect via LCR 0.183 0.114 0.152
Indirect via TIN -0.023 0.038 0.084
r (LDM x HI) 0.77 0.09 0.63
TIN Direct on LDM -0.051 -0.256 -0.159
Indirect via TDM 0.118 -0.379 -0.317
Indirect via CDM 0.092 -0.240 -0.239
Indirect via LCR 0.067 -0.058 -0.083
Indirect via HI 0.114 -0.009 -0.078
r (LDM x TIN) 0.33 -0.97 -0.89
R? 0.96 0.95 0.96
k 0.100220 0.102126 0.100220

TDM = Total Dry Matter (kg hd); LDM = Leaf Dry matter (kg hg; CDM = Culm Dry Matter (kg h§; LCR = Leaf:Culm Ratio (LDM/
CDM); HI = Harvest Index (LDM/TDM); TIN = Tiller Number (At r = correlation; R = Coefficient of determination.
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