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ABSTRACT

Grouping of genotypes by canonical variable analigsan important tool in breeding. It allows tmeuping of individuals
with similar characteristics that are associatetth wuiperior agronomic performance and may inditeedeal prog¢ le of a plant
for the region. The objective of the present stwdg to de¢ ne, by canonical analysis, the agronproigle of Panicum maximum
plants adapted to the Agreste region. The expetimvas conducted in a completely randomized desiign 28 treatments, 22
genotypes of Panicum maximum, and cultivars Mombaaazania, Massai, Milenio, BRS Zuri, and BRS Tania triplicate in
4-m2 plots. Plots were harvested ¢ ve times andoff@ving traits were evaluated: plant height; totaaf, and stem; dead dry
matter yields; leaf:stem ratio; leaf percentage} asiumetric density of forage. The analysis ofarinal variables was performed
based on the phenotypic means of the evaluatdsl &madl on the residual variance and covariancexn&enotype PM34 showed
higher mean leaf dry matter yield under the coaddiof the Agreste of Alagoas (on average 53% hititaan cultivars Mombasa,
Tanzania, Milenio and Massai). It was possibleummarize the variation observed in eight agronarharacteristics in only two
canonical variables accounting for 81.44 % of thedariation. The ideotype plant adapted to tmelitmns of the Agreste should
be tall and present high leaf yield, leaf perceatagd leaf:stem ratio, and intermediate valdemlometric density of forage.

Index terms: Multivariate analysis; breeding valagronomic performance; leaf dry matter.

RESUMO

O agrupamento de gendétipos, via analise de vasi@a@obnicas, é importante ferramenta para o mathento e permite
reunir individuos com caracteristicas a¢, ns quecestas ao melhor desempenho agrondmico, podendseativas do perg | ideal
de planta para a regido. Nesse sentido, objetigaleg nir, por meio do uso de andlise candnica,sd pgrondmico de plantas de
Panicum maximum adaptadas a regido do agrestep@&imento foi conduzido em delineamento inteirameamtsualizado com
28 tratamentos, 22 gendtipos de P. maximum e tisangds Mombasa, Tanzania, Massai, Milénio, BRS 2lBRS Tamani e trés
repeticdes, em parcelas de 4 m2. Foram realizados cortes por parcela e avaliadas as caractesstaltura de planta, massa
seca total, massa seca de folhas, massa secardescolassa seca de material morto, relacéo folnadcporcentagem de folhas
e densidade volumétrica da forragem. A analiseatidweis canénicas foi realizada com base na niédatipica dos caracteres
avaliados e na matriz de variancias e covariamegiduais. O gendétipo PM34 apresentou maior méatia massa seca de folhas
nas condi¢cbes do Agreste Alagoano (em média, 53%rigu aos cultivares Mombasa, Tanzania, MilénMassai). Foi possivel
resumir a variacdo observada em oito caracter@maignicos em apenas duas variaveis candnicas, gueuteram 81,44% da
variacao dos dados. O ide6tipo de planta adaptadaralicdes do Agreste deve apresentar, alémalpraliucéo de folhas, porte
alto, alta porcentagem de folhas, alta relacd@fotiimo e valores intermediarios de densidade véltioa de forragem.

Termos para indexacgédo: Andlise multivariada; vgknotipico; desempenho agrondmico; massa secédhdes fo

INTRODUCTION research to identify promising cultivars for thégion is
desirable. Owing to the need to increase prodiyggai that
The Brazilian Agreste is a region extending fronagribusiness may be economically viable and coniymsti
Bahia to Piaui, characterized as a transition between the pastures should be considered as a priority soofce
Atlantic Forest and the Brazilian semi-arid zorf@sTegion increasing income. However, the Brazilian Agrest@dnly
has an annual rainfall ranging from 650 to 100Giméiters, a small number of forage cultivars available, higfting
but owing to its irregular distribution, there ée® options the importance of studies aimed at evaluating aletsng
of forage plants for use in animal production systeThus, the most appropriate plants for the region.
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148 MARTUSCELLO, J. Aet al.

Panicum maximum Jacg. is the most productive. maximum PM04, PM11, PM13, PM14, PM15, PM19,
seed-propagated forage species available, and is RM20, PM21, PM22, PM25, PM30, PM33, PM34,
excellent option for diversifying and intensifyitige use PM36, PM37, PM38, PM39, PM40, PM43, PM44, PM46,
of Brazilian pastures (Jank; Resende; Valle, 2088)ew PM271 (previously selected by Embrapa Beef Cattle),
of its high productivity, studies investigating tdaptation and cultivars Mombasa, Tanzania, Massai, MilenRSB
of this crop species to the Agreste region coutticaite Zuri, and BRS Tamani, in triplicate. The experimeais
accessions and/or cultivars for use in the region. established in plots of 4 m2 22 m), with a spacing

The deg¢ nition of ideotypes has been used in tlod 1 m between plots. The cultivars were seedet wit
search for cultivars that present favorable charatics spacing of 10 cm between rows and 5 cm betweensplan
for increased productivity of a crop. These trais be Fertilization consisted of 20 kg H&,0, applied as single
morphological, biochemical, physiological, or agsoric, superphosphate (applied at planting), 100 k§Mdurea),
and when combined in one individual, can providand 80 kg h& K,O (potassium chloride). Nitrogen and
increased yields. Thus, the de¢ nition of ideotypesives  potassium were applied by broadcasting after plapts
the identi¢, cation of features that must be incadearinto  completely established. After the harvest cutspieaance
a plant model that takes into account the envirortede fertilization with 50 kg ha N (urea) and 30 kg hekK,0
conditions of the cultivation area (Donald, 1968n&ida; (KCI) was performed.
Mundstock; Sangoi, 1998).

Canonical analysis has several uses in plant_
breeding, its main applications being clusteringl an
studies of genetic diversity. By the evaluatiorgcdphic
dispersion of genotypes based on canonical vasaibls
possible to group individuals with similar charaidgcs.
The identi¢, cation of groups formed by individuafs o
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The objectives of this research were to evaluade a -~ «* & & & & N
identify, by canonical analysis, the agronomic peay P. & &
maximum plants adapted to the Brazilian Agrestéoreg Mornths

Figure 1: Air temperature and rainfall during the
MATERIAL AND METHODS experimenta| period_

The experiment was conducted at the Federal

University of Alagoas, Campus Arapiraca from May @0 During the experimental period ¢ ve harvests per
to July 2011 in an experimental area located &®8”  plot were taken, four in the rainy season (07/19020
S and 36° 3937" W. The city of Arapiraca is located in 09/05/2010, 06/03/2011, 07/30/2011) and one indtiye
the subhumid Agreste, where the climate is of tise Aseason (03/28/2011). Plants were cut 20 cm froredhe
type, according to the Képpen climate classi¢ catiopmmediately after each cut, the material was weighe
with a dry season in the summer and a rainy fal@i to obtain the green matter yield (GMY). Samplesaver
Air temperature and rainfall data obtained durihg t separated into leaf blades, stem + leaf sheathdaad
experimental period are shown in ¢ gure 1. material and forced-air dried at 55°C to a constamifjht
The soil of the area, classi¢, ed as Oxisol (EMBRAPAg estimate total dry matter yield, stem dry mayietd,
1999), was collected and evaluated for chemicdyaisa |eaf dry matter yield, dry matter yield of dead e,
Soil samples were collected from the20 cm layer of |eaf percentage, and leaf:stem ratio.
the soil and analyzed in a specialized laboratoejging The height of the plants in the plots was deterchine
the following results: pH (D), 5.4; C&, 4.7 cmaol/dm?®;  with a millimeter-scale ruler and measured priothe
Mg*?, 2.2 cmol/dn?; Al*3, 0.0 cmol/dm?®; H + Al, 4 cmo|/  harvest cuts.
dm?; SB, 7.23 cmaldm?®; CTC, 11.23 cmaldn?,V (%), The following variables were evaluated: plant
64.4; P, 68 cmoldm® e K*, 142 cmal/dn. height (PLH, cm), total dry matter yield (TDM, g#)
The experiment was conducted as a completelgaf dry matter yield (LDM, g M), stem dry matter yield
randomized design with 28 treatments, the genotgpes (SDM, g m?), dead material dry matter yield (DDM, g
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m2), leaf:stem ratio (LSR), leaf percentage (%F) an The leaf component is also of utmost importance

volumetric density of the forage (DENS, g @m?2). in the evaluation of forage plants, given thasitibetter
First, the genotypes were ranked based on tldicator of quality than the other morphologicaiponents

estimated genotypic value of LDM to identify thasigh  of the plant. The genotypes BRS Zuri, PM46, PM1i| a

highest yield potential under the evaluated cood#i PM11, showed overlap of the con¢, dence intervalstivit

To estimate the genotypic value and con¢, dencevaiter genotype PM34 (Figure 2) and may also be considesed

(95%) of the mean, a linear mixed model was used, genotypes of good performance of leaf productiod aso

implemented in the Statistical System and Compzgelri as better adapted. These genotypes have greatialien
Selection via Linear Mixed Models (SELEGEN - RELM/yse in the Northeast region, and are promisingttivar

BLUP) according to Resende (2007): release. The genotype with the lowest LDM perforoean
was PM43, which showed an overlapping IC with 70%
y=Xm+Zg+Wp+e of the evaluated genotypes, including cultivars Ndasa,

Tanzania, Milenio, and Massai (Figure 1). Thesetges

in which y is the data vector, mis a vector of gfilects showed LDM genotypic means of 43.2, 37.3, 42.4 48
of combinations measurement replication (assumée to g ny2/cycle, whereas genotype PM43 showed a genotypic
¢ xed) added to the overall mean, g is a vectoembtypic  yalue of 35.1 g mi/cycle.
effects (assumed to be random), p is a vectorrofipeent The LDM yield of genotype PM34 was on average
environmental or plot effects (random) and e isetar of 5304 higher than the commercial genotypes Mombasa,
errors and residues (random). The capital letegresent  Tanzania, Milénio, and Massai, with no overlap tesiw
incidence matrices for the effects. these and the con¢ dence interval. These resulgesug

The canonical variable analysis was based Qfia¢ the P. maximum cultivars available in the readre
the phenotypic means of the evaluated traits anthen ,.: the most suitable for use in animal productigstems
residual variance and covariance matrix. Theseyaesl ;. the Agreste, supporting the desirability of éschimed

were pgrformed }Jsing the GENES progra, in thﬁt identifying forages adapted to the region. Tighést
Multivariate Analysis and Simulation section (Cr2@06). | yield for PM34 was also observed by Fernandes e

RESULTS AND DISCUSSION al. (2014) evaluating the same genotypes in theilBxa
savannah. According to these authors, P. maximwralis

The agronomic traits of forage of interest wergiteq to the soil and climate conditions of sawdrm

used as an indicator of adaptation of P. maximufis may explain the low performance of the comriagrc
plants to Agreste conditions. According to DiashBil genotypes

Simao Neto, and Serrdo (1994) the initial evaluatio

of genotypes for their adaptability to a particular

environment is an ideal condition for the applioati

of multivariate clustering techniques, given thédrge 68

number of genotypes are evaluated simultaneously fzes: -

a large number of traits. Goo 11 -
For LDM vyield, genotypes were compared byZss -

means of con¢ dence intervals (Figure 1). Differencé s |

among the evaluated genotypes were found, a resgss ¢ — ' —1-

indicative of favorable conditions for the seleatiof 2+ -

superior genotypes for leaf production. It maybed that S« +————

genotype PM34 showed the highest LDM mean (64.8 = 36 -

m~2) under the conditions of the Agreste. This vdaatas 3

| |

taken as indicative of the adaptation of genotytpehe e ey I5SCSINEESEES
region, given that those producing more leaves ez £ § 223222232 SEgES Z $522232%222 2
adversely affected by the prevailing weather coolét = £ %3 :—; z

during the experimental period. According to Zatedlal.
(2011), it was possible to differentiate genotypiegslymus  Figure 2: Con¢, dence interval (95%) for leaf dryterat
scabrifolius through principal component analysidyo yield mean of Panicum maximum genotypes evaluated i
when they were subjected to stress conditions. the Agreste of Brazil.
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The relative importance of traits in the studyas it represents the fraction with the higher diipdgty
of genetic diversity among genotypes was evaluatexhd intake, and is more strongly associated witmah
using the canonical variables. The high ef¢ cienfty @erformance (Penning; Parsons; Orr, 1994; Eucléides
the canonical variables analyses was observedngival, 1999).
that it permitted summarization in only two canaic Variables with highest weight in the last
variables of 81.44% of the data variation obserwed eigenvectors generally exhibit high correlation
eight agronomic traits (Table 1). According to Cruzcoef;, cients with other variables under study. Thus,
Regazzi and Carneiro (2004), the feasibility ofngsi variables with Pearson’s correlations around 08 ar
canonical variables as a technique to identify kEimi considered to be important associations. According
genotypes in two- or three-dimensional plots depemd Resende (2007), variables that have very high genet
the ability of two or three canonical variablesatttount correlations may be discarded for not affordingtéret
for approximately 80% of the variation observedhie  discrimination of the genotypes, advice that alsligs
data. to phenotypic correlations. Van de Wouw et al. @00

Using this analysis, it was also possible to studgind Jorge et al. (2008) based their study of geneti
the importance of the traits in the genotypes elusg. diversity on correlations above 0.7 to discard rethnt
The variables with most weight in the last eigetoes variables.

were associated with eigenvalues of root tratew 0.7, Thus, it can be observed that TDM was highly
and those of lower cumulative variance are coneitles  correlated with PLH, LDM, and SDM (Table 2). The
be of little importance. high correlation coef¢, cient observed identi¢ esita

The variable TDM showed greater weight in theeedundant variable for discriminating the genotyjpigh
last six eigenvectors and was identi¢, ed withinghigip ~ correlation coef¢, cients were also observed bet®ééh
of variables as the least important for discrimimgt and DENS, PLH and SDM, and between SDM and %F.
the genotypes (Table 1). When LDM production isHowever, in general the variables were weakly datee,
considered as a predictor variable for the adaptati making them ideal for assessing the diversity among
of a given group of forage plants to environmentajenotypes. The high positive correlation betweeMTD
conditions of the Agreste, TDM production is lesand SDM is noteworthy, indicating that larger pknt
important, given that it includes the SDM and DDMare more prone to the accumulation of stems andehen
components, and alone is not able to provide asliasi require greater control of defoliation. This infece is
assessing animal performance. In fact, the useabfdry supported by the high positive correlation betw8B
matter is preferred in studies evaluating forageid, and %F (Table 2).

Table 1: Root characteristi(zjx, accumulated variance percentage (% ACUM) anérsigctors associated with
canonical variables (CV).

% Associated eigenvectors

cv 5 ACUM PLH LDM SDM DDM TDM LSR %F DENS

1 3.0940 67.88 0.1886 -0.3570 0.8969 0.5029 -2.03420053 0.6911 1.5363
2 0.6179 81.44 0.0510 -0.4419 -1.4796 -0.4165 2.1416 0.012B4976 -0.2435
3 0.3488  89.09 0.1455 2.8463 3.5339 0.6785.4802 0.0314 0.1252 0.7514
4 0.2093  93.68 0.3895 0.3443 2.6261 0.3822.7880 0.2703 1.2693 -0.0448
5 0.1255  96.44 0.2347 -3.9714 -2.6752 -1.7096.3503 0.0580 0.7836 0.3149
6 0.0887  98.38 0.5023 2.4688 2.7090 1.8528.7383 0.3702 -0.1659 0.3284
7 0.0433  99.33 0.7771 -1.4886 -3.1471 -1.2243.4340 0.1736 -0.9311 0.5107
8 0.0303 100.00 -0.4891 -0.2044 -0.9607 -0.3032.1103 0.9120 -0.6165 -0.1911

PLH (plant height); LDM (leaf dry matter); SDM (stedry matter); DDM (dead dry matter); TDM (totayanatter); LSR (leaf:stem
ratio); %F (leaf percentage); and DENS (forage wadtric density).
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By means of the scores of the canonical The delimitation of the groups was performed
variables, it was possible to evaluate the graghicaisually. It may be noticed that the cultivars wdiréded
dispersion (Figure 3) of the genotypes with resgect into different groups (Table 3), except for cultisa
the two canonical variables with the highest curtiuéa Milénio and Tanzéania, which were included in thenea
variance. Thus, it was possible to group the 28roup. It is noteworthy that the grass Milénio kasilar
genotypes into six distinct groups, three of whiohild  characteristics of production and morphology asvan
not be grouped with the others. Silveira et al.10 Mombasa, and that their classi¢, cation into diffegeoups
used multivariate analysis to group cultivars ofmva may mean that they differed with regard to charéties
season forage grasses based on their morphogenstich as LSR and LDM, which were more favorable to
and structural characteristics. According to thihars, cultivar Mombasa. Rodrigues et al. (2012) based on
cultivars Mombasa, Tanzania, and Xaraés appearatrphogenesis of forage plants for the establishrkn
as a related functional group, because of theiilaim functional groups of plants. According to theséhatg, the
morphophysiological characteristics, such as highenultivariate technique was effective in groupingivars
rates of appearance and tiller mortality as weligher according to af¢ nities related to the managemettieof
basal tillewring than the other cultivars. plants.

Table 2: Matrix of phenotypic correlations amongeegmic variables evaluated in Panicum maximum tgres.

LDM SDM DDM TDM LSR %F DENS
PLH 0.4009 0.6918 -0.4515 0.6515 0.0754 -0.417 -0.8017
LDM 0.2824 -0.2747 0.7669 0.2858 0.3106 0.0289
SDM -0.4528 0.8021 -0.3613 -0.7962 -0.4746
DDM -0.2812 0.0006 0.2656 0.3927
TDM -0.0849 -0.3237 -0.2419
LSR 0.6267 0.0822
%F 0.4911

*, **: statistically signi¢, cant by t-test at 5% ahéo.
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Figure 3: Dispersion of genotypes based on thetwostanonical variable®OM (Mombaga); TANZ (Tanzania); MAS
(Massai); MIL (Milénio); ZURI (BRS ZURI); TAMA (BRSTAMANI).
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Table 3: Constitution of genetic groups based aplgic medium values for DDM. Probably, the high SDMuesis

dispersion of canonical variables. due to the larger size of these plants and alsogheater
Group Genotypes growth rate. .
: Groups with poor performance for LDM were 4,
1 PM34, BRS Zuri, PM11 8, and 9. Group 4 was characterized by mediumilko ta
2 PM14, PM15, PM30, PM33, PM4 sized plants and high stem matter that yielded t&v&&R,
3 PM36, PM46, PM40, Mombaca %F and bulk density. In contrast, groups 8 and fewe
4 Milénio, PM25, PM44, PM271, Tanzania, PM3gCharacterized by lower-yielding plants with unfaaiole
' ' ' ' ' LSR, intermediate bulk density, low stature, andjrioup
S PM19, PM20, PM21 8, large accumulation of senescent material.
6 BRS Tamani, PM22, PM13, Massai Some studies have shown cultivar Massai to be
7 PM39 a forage cultivar suitable for the conditions irrtheast
8 PM37 Brazil, owing to its greater resistance to droudhtt
it did not ¢ gure among individuals of superior LDM
9 PM43 performance. Nevertheless, it is worth highlightthg

greater hardiness of cultivar Massai, which caddyened

o by its lower fertility requirements, intermediatetritive
Groups 1 and 2 encompassed individuals wit{)z;,e and high tillering capacity.

better LDM performances. Thus, general charactesist Genotypes PM13, PM22, and BRS Tamani were
of plant performance for leaf production may bedative grouped together with cultivar Massai in group 6jak

of a plant ideotype for environmental conditionsthe  may exhibit characteristics of hardy plants, butosfer
Brazilian semi-arid and some transition areas, @afig performance. This group was characterized by laidyi
the Agreste. As general characteristics of theseg¥  of |eaves and PLH, but high LSR and %F in the hgeba
can be stated as greater height; total, leaf @md gtelds; mass (Table 4). These characteristics gave thesgypes
and medium percentage of leaves relative to ottem¥  the highest forage density in the study. In faatticar
(Table 4). These results are due to the lower feragviassai stands out for its high proportion of leavetsich
density, allowing the combination of higher massl anjs refected in its LSR.

intermediate percentage of leaves in the sameidhil, Despite the small number of genotypes evaluated, a
However, low-bulk density material is unfavorabte f |awrge number of groups were identi¢, ed, owing rgaml
consumption by animals. Thus, the agronomic prog le genotypic variation among individuals. Variatioegsential
group 1 becomes more suitable for de¢ ning theygeot for selection and its presence in this study indisshat it

as it is characterized by greater WDENS than gébdp  is possible to identify superior individuals thréuaytrait of
addition to the features listed above, plants fggoup 1 such importance as leaf dry matter yield, and thee the
were also characterized by high SDM, LSR and %#, arirait associated with the genotypes of interest.

Table 4: Average value of the agronomic charaeteatuated in Panicum maximum genotypes in the Adadareste
according to the groups formed in the canonicalyzes.

Group LDM(g) TDM(g) SDM(g) DDM(g) PLH(cm) LSR %F DEN&/cm)
1 61.0 108.2 30.1 14.5 114.9 9.53 69.10 0.933
2 51.6 104.1 37.2 12.8 123.9 2.34 58.80 0.860
3 47.1 90.0 27.9 13.9 116.8 7.13 63.55 0.875
4 39.2 91.6 36.0 14.5 105.5 2.80 53.43 0.900
5 46.2 83.7 18.7 17.2 80.2 3.83 68.43 1.100
6 42.1 73.1 13.7 16.5 58.4 6.95 73.63 1.325
7 47.0 84.0 18.8 17.2 101.4 4.90 71.70 0.800
8 34.7 78.9 20.3 22.1 83.1 2.50 61.10 1.000
9 334 76.0 27.7 13.8 75.1 1.60 55.80 1.000
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CONCLUSIONS Revista Brasileira de Zootecnia. 28:177-1185,

The genotypes differed in leaf dry matter yield,lggg'

genotype PM34 being the most productive individua ERNANDES, F.D. et al. Forage yield and nutritive

Cultivars Massai, Mombasa, and Milénio showe . , . i
intermediate performance in this characteristicd anvalue of Panlpum_maxmum geno.types in the Brazilian
cultivar Tanzania showed poor performance. savannah. Scientia Agricola. 71:23-29, 2014.

These results indicate that there is potentiatifer
selection of genotypes of P. maximum that are prtdel e . .
and adapted to the conditions of Agreste/Brazil. M.elhoramento genet|.co de Panlcu.m maximum.

The agronomic ideotype of plants adapted to thlé]' RESENDE, R.M.S.; VA.LLE’ C'B." ‘].ANK’ L.
conditions of the Agreste should present, in additi Melhoramento de Forrageiras Tropicais. 1.ed. Campo
to high leaf yield, tall size, high leaf percentapegh Grande: Embrapa, p.55-87, 2008.
leaf:stem ratio, and intermediate values of higksity
of forage.
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