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aging of the plant is increased stem/leaf relatigmsThe aim of this study was to

Keywords: obtain estimates of the morphological and physiokigdevelopment of Tifton
Regression; path analysis; genotypes genotypes, with the use of regression analysisthadoreakdown of correlations in
behavior; indirect selection; Cynodon direct and indirect effects by path analysis, vdla¢ ten different growing seasons.
spp. Methods: The study was conducted in Plant Breeding andt Pleoduction Laboratory,

Federal University of Santa Maria, Campus Frederittestphalen, coordinates
(27°23'26 "S latitude), (53°25'43" The longitudell @61,3m altitude in the crop year
2013. Were used for the experiments three genotyjifesn (Cynodon spp, they
Tifton-68, Tifton-85 and Jiggs. The experimentakida was a randomized block
design with three replications. Each experimentat gonsisted of six plants from
pasture production unit at the University, were$gaanted to the experimental area so
that each plant were obtained from three stoloms below and above ground.
Results: By analyzing the regressions (Figure 1), whereTiti®n-85 genotype was
characterized by red, the Jiggs by green and F8®rby the color blue, it was
observed that the plant height (PH) showed lineawth during development culture,
being explained by first-degree equations, with thest outstanding genotype the
Tifton 85, its highest growth in relation to thehets. It is observed also that the
regression coefficients for the Tifton-85 genotyd®9.98%), Jiggs (92.37%) and
Tifton-68 (92.58%) explained much of the variatioetween the evaluation seasons.
Conclusions To getting the genotypes with greater proteinteot) is necessary the
selection plants with greater stolon diameter, le@hh, leaf length, lower number of
tillers, green mass and dry mass. In a general thayTifton 85 genotype has greater
highlight cultivation aiming greater developmemsulting in a higher green mass, dry
mass and chlorophyll content, however, when it agersotypes that have high protein
content, should have some caution, since the negedirrelation seen between this and
the traits green mass and dry mass.

INTRODUCTION

The different genotypes of Tifton won economic impace among the forage, the higher dry mass yield,
greater response to fertilization, higher digeBtihi higher crude protein content and ratio ofctain and
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phosphorus in relation to other foragesCyhodon(Patelet al, 2013). These characteristics are very important
for animal production, and this group of grasseshmused in various production systems (Carva@a?2).

The cumulative production of dry mass increases wlite development of culture and decreases the
nutritive value when the plant passes from vegetatd reproductive phase (S#ii al, 2014). The fall of the
nutritional value of the function in pastures plgnbwth is related to the following factors: redantin protein
and phosphorus, with the aging of the plant iseased stem/leaf relationship (Parthasarathwpl, 2015).
Because the stem of grass species have highes lef/&dss fiber and protein and phosphorus inigelab the
leaves, as well as increased lignification procass reducing the digestibility of nutrients (Cahakt al,
2005). The ideal time of consumption would be orfeere the forage was with the greatest balance leetwe
guantity and quality of digestible nutrients foriraals. The analysis of the development of genotypethe
study of regressions seeks to find a value prextictiquation of one or more response variables (akgre
variables) through a set of explanatory variabledgpendent), enabling the analysis of each geedbghavior
for each study character (Hat al, 2009). The use of indirect selection may beifdagor the study of simple
correlation between the traits, as it allows eviéhgathe magnitude and direction of relations legdio faster
genetic progress in breeding programs (Cruz andedar, 2006). However, this technique does notszstee
interrelationships between two groups of varialletermined by a larger number of traits.

For a better understanding the association betvir®ts, use the method called path analysis, which
unfolds the estimated correlations in direct ardiract effects of each trait on a basic variableigit, 1921).
This method is based on evaluation of the effea@rofndependent variable (x) over a dependent hlarigy),
after removing the influence of all other indepeamtdeariables (xi) that are included in the analyBiar the path
analysis results are useful to plant breeding, \teiry important to check the degree of multiceldirity between
the explanatory variables path analysis (Cruz aath€iro, 2006). Because the estimates of the damdt
indirect effects may be incorrect if the analysicarried out with severe multicollinearity. Whéme tvalues of
the estimates in the analysis are larger than @bedf the module it is recommended to make thé patlysis
crest, by adding a value k to the diagonal elemehtthe correlation matrix, because of the highrdegof
multicolinearity analysis (Carvalho, 1995). The abithis study was to obtain estimates of the molgdical
and physiological development of Tifton genotypeih the use of regression analysis and the breskduf
correlations in direct and indirect effects by pattalysis, valued at ten different growing seasons.

MATERIAL AND METHODS

The study was conducted in Plant Breeding and Famtluction Laboratory, Federal University of Santa
Maria, Campus Frederico Westphalen, coordinate®@76 "S latitude), (53°25'43" The longitude) &8d.,3m
altitude in the crop year 2013. Were used for theeements three genotypes TiftoGynodon spp, they
Tifton-68, Tifton-85 and Jiggs. The experimentasiga was a randomized block design with three catibns.
Each experimental unit consisted of six plants fmasture production unit at the University, wesngplanted
to the experimental area so that each plant wesraa from three stolons, two below and above mgiou

In advance planting were carried cultivation tométiate weeds and disease control. Fertilization was
performed after planting with the use of NPK fézél (10-25-20) at a dose of 150 kg'hafter the first winter,
the plants dried Tifton, due to frost, and in itstfyear regrowth were performed assessments éerrgtays of
development, totaling ten times and 100-day evinaf he traits evaluated were:

- Plant height (PH): it was assessed the full extédnthe main stolon of each plant parcel for each
evaluation season, with the length given in centi@gmge(cm).

—  Number of tillers (NT): it was evaluated in eaclaml with the count of all issued tillers at each
evaluation season, given in units (u).

— Internode lenght (IL): was evaluated with a pachygmaccuracy by measuring the length between the
first and second node above the ground level, thim stolon of each plant in each evaluation seagiegn in
millimeters (mm).

—  Stolon diameter (SD): it was evaluated with a paobter accuracy by measuring the diameter of the
main stolon in each evaluation season, given itimaters (mm).

- Number of nodes (NN): it was evaluated by countiighodes formed in the main stolon of each plant
in each evaluation season, given in units (u).

—  Number of leaves (NL): it was evaluated by countiigthe leaves contained in the main stolon and
tillers issued by each plant in each evaluatios@eagiven in units (u).

—  Leaf widht (LW): it was evaluated with a pachymedecuracy, by measuring the width of five leaves
of each plant assessed per plot in each evalus¢i@son, given in millimeters (mm).

—  Leaflenght (LL): it was evaluated by measuringetép measure the length of five leaves of eachtplan
assessed at each season evaluation, given in gtidlis(mm).
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—  Chlorophyll content (CC): was evaluated with chjgmgll manual, by measuring the chlorophyll
content in three leaves of the middle part of galeint evaluated in each experimental unit for eacdluation
season. After the average for each experimentabiwen in milliliters per liter (ml [*) was calculated.

- Green mass (GM): green mass production was meabyréaking samples from an area of 0.250 m?
per experimental unit, weighed on analytical badanaly for the last time evaluation. After the puotions
Welre calculated for one hectare in area (10,000wi#) the final production given in kilograms peectare (kg
ha™).

—  Dry mass (DM): after measuring the green mass mtimhy each sample was brought to a drying oven
at a temperature of 45 ° C for a period necessamngdached the constant weight. The mass was mebheuare
analytical balance given in kilograms per hectigeh@®) only for the last evaluation season.

—  Protein content (PC): determined by acid digestibthe vegetable material with presence of cata)yst
the total nitrogen present in the sample is obththeough the vapor dragging with subsequent aication, the
values are translated to protein, as describeddgubira and Souza (2005), using the formula:

PC= (TN x6,25)x100

Where PC is the protein content (%) and TN is tiial hitrogen content.

Each sample used for evaluation of green and drgsnmparoduction underwent a grinding and
homogenization. Protein levels were obtained imogin still all in triplicate and then calculatdt taverages,
percentage data (%) only for the last time evatumati

Regression analysis was performed in order to nkganetic information useful in plant breeding hg t
dispersion of the varieties used, assessing thetgrof value and importance of each variable usedhée
statistical analyses, which were carried out with assistance of the GENES program (Cruz, 200&h P
analysis was performed from the matrix of phenatyqrrelations, considering the protein content)(i&lt as
the dependent variable, and the other as explanatoiables GENES (Cruz, 2006). Identified the pree of
high-grade multicollinearity for the three treatrtseimdividually proceeded path analysis under roallinearity
(path analysis Crest), an increase of a vdue the elements of the correlation matrix diagof@iuz and
Carneiro, 2006).

RESULTS AND DISCUSSION

By analyzing the regressions (Figure 1), whereTifton-85 genotype was characterized by red, thgsli
by green and Tifton-68 by the color blue, it waseved that the plant height (PH) showed lineamtjio
during development culture, being explained bytfilsgree equations, with the most outstanding ggeocthe
Tifton 85, its highest growth in relation to théhets. It is observed also that the regression iciefts for the
Tifton-85 genotypes (89.98%), Jiggs (92.37%) arftbii68 (92.58%) explained much of the variatiotwiezn
the evaluation seasons.

For the number of tillers, it is observed thagdignd Tifton-85 genotypes showed quadratic behavith
regression coefficients of 59.05% and 85.77% rdspey, with a decrease from the second seasord&@)
and growth the issuance of tillers from the fows#fason evaluation (40 days). For Tifton 65 gengtgdmear
model with a regression coefficient 83.86%.The lggth of genotype on the number of tillers was 3iggith a
final number more than 18 tillers per plant. Marmagat practices aimed at maintaining or even inéngathe
population density of tillers in Tifton-85 pasturésring the fall and winter, allow the occurrendehigh tiller
appearance rates during the summer, especialeard of this (Carvalhet al, 2000).

The stolon diameter trait showed a linear behafdorTifton 68 and Jiggs genotypes, with regression
coefficients of 58.72% and 78.29%. Tifton 85 gepetyshowed quadratic behavior, with 88.98% regrassio
coefficient. All three genotypes growth of stoloameter due to the development of the plants. ktigkéd the
Tifton 85 genotype, which began the experiment Wotlier average and the last evaluation season ¢49s)
had the highest average of the experiment

For the trait internode length, all genotypes shiblimear behavior, with regression coefficients8@f75%
(Tifton 85), 79.69% (Jiggs) and 69.80% (Tifton 68he most prominent genotype was the Tifton 85 that
first evaluation had average close to 30 cm andnwvehvaluated last season had averaged more thaoni2@s
for the genotypes of Tifton, works with grass Esataai, San Carlos and Tifton, 419 showed similanltesor
the internode length and number of tillers, whéwe tiigher the number of nodes, the larger the ké&vaning
potential, tillers and new stolons (Kojoroski Sikfal, 2010).

As for the internode length, the number of nodeswsd linear behavior trait for all genotypes, with
regression coefficients of the 91.02% (Tifton 883,29% (Jiggs) and 88.98% (Tifton 65), explain mo€hhe
variation between the evaluation seasons. Agaie, Highlight of genotype was the Tifton 85, with the
development of two to 20 nodes during the expertmidavertheless, the Jiggs genotype also was igteld
with a mean end more than 18 nodes. The numbeawéb showed a quadratic behavior for Jiggs andriré@s
genotypes, with regression coefficients of 83.15%b 38.92%, respectively. Tifton 68 genotype shoaédidear
behavior, with 88.78% regression coefficient. Huos trait the Jiggs genotype presented the highestage of
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the experiment, however the maximum number of ledas been reached between the seventh (70 days) an
the ninth (90 days) evaluation season. The largether of leaves on plants with greater height, @rpd by
the longer time required the plant to reach heighitspper sections, where the total number of leger tiller
was represented by a linear function of the accatiuri of degree-days during the period (Carvalri23.
Therefore, the higher the age of regrowth, greatialso be the number of emerged leaves pertille

Contrasting results between genotypes were obsdovetie trait leaf width. It is observed that thiton
85 genotype showed a linear behavior, with averdmglser than other genotypes. However, the regrassi
coefficient is low, 24.86%, do not satisfactorilypéain the development of this genotype. The TifG&and
Jiggs genotypes presented quadratic behavior. Hawévs observed that the Jiggs genotype showsliyht
growth until the fifth evaluation season (50 dagejl subsequent reduction in the width of the leavitls a
regression coefficient of 37.10%. Differently frohifton 68 genotype showed a large increase untileitghth
evaluation season (80 days) and subsequent fdHl, regression coefficient of 87,83%. The most @utging
genotype for wider leaves was the Tifton 85.
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Fig. 1: Regression analysis for traits evaluated in tefedifit times of development on Tifton 68, Tifton&&d
Jiggs genotypes.
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For the leaf length, it is observed that Tifton&®&l Tifton 85 genotypes showed a linear behawiih a
reduction in all the experiments and regressiorfficients of 68.13% and 55.25%, respectively. Thggsd
genotype also showed a decrease in the experitdemtever, his behavior was quadratic way with regjoas
coefficient of 84.94%. The highlight of genotype doeater length leaf was Tifton 68. With progressiv
reduction of plant growth speed, the canopy neede rdays to reach the level of critical interceptiafter
which the stem accumulation and senescence amatcally intensified (Oliveirat al, 2010).

The only trait that presented cubic behavior waes ¢hlorophyll content, for Tifton 68 genotype, with
regression coefficient of 25.15%. The Tifton 85 abidgs genotypes presented quadratic behavior with
regression coefficients of 43.38% and 38.13%. Rerthree genotypes behavior in relation to therolployll
content has not been satisfactorily explained leydhaluation seasons. However, it notes that thdnnoem
chlorophyll content in plants, occurs between thverth (40 days) and sixth (60 days) evaluation eashe
highlight of genotype for greater chlorophyll camtén the leaves was the Tifton 68. Depending anplant
growth occurs decrease the nutritional value ofysas, related to the reduction of protein and phosus. That
occurs due to the aging plant with increased rdsgteon/leaf, because the stems of grasses hasr Highe
content and lower of protein and phosphorus intimiato the leaves; increased lignification processl
reducing the digestibility of nutrients (Carvalébal, 2005).

Through path analysis (Table 1) it is observed thatPC trait has high magnitude and positive ¢aticm
with SD (0.94), LW (0.99), LL (0.92) traits, andgatively with characters NT (0.87) and DM (-0.8R)s also
observed that the determination coefficient wengyvegh (0.9911), the k value used in the analyss low
(0.0507) as well as the effect of the residual alsig (0.0943) and also the determining the valughef
correlation matrix between the eigen values (6,48E-This indicates that the path analysis cres eféective
to estimate the effects of traits (CRUZ and CARNEB|R006). Although not presented significant catieh,
note to the PH trait that the main positive effents indirect via LL, GM and DM and negative via,NGD, NL
and CC. The other variables were negative and laagmtude. The direct effect of PH on PC was not
pronounced for this analysis.

We observe to the NT that all the traits had negaitidirect effect, except the PH. Negative direffect
pronounced between the NT and PC was observedelaaswnegative indirect effect via SD, NL, LW, LCC
and DM, resulting in negative correlatiaf® (= -0.87). Although the trait number of tillers faite complex as
to their best advantage to plant breeding in magcies, is the complexity of the genetic contradl @he
processes involved in their phenotypic expressianits differential response to environmental chos and
management systems (Kurapar#étyal, 2007). These results indicate that the seleafqulants with increased
number of tillers, promote the reduction of proteamtent of plants tifton.

Table 2: Estimates of path analysis under multicolineadtynorphological and physiological traits evaluaitedifton genotypes, using as
the dependent variable the protein content (PC)thedraits, plant height (PH), number of tilleMdT(), stolon diameter (SD),
internode length (IL), number of nodes (NN), numbieleaves (NL), leaf width (LW), leaf length (LLghlorophyll content (CC),
green Mass (GM) and dry mass (DM) as independetghlas

Direct Effect Indirect effetct via traits Total
PC  %PH INT ’sp AL NN °NL 2w AL cc GM DS %(rP) PC
) (em) (u  (mm) (mm) () (W  (mm) (mm) (m)} (Kgha) (Kgha) (%)
PH 0.03 -0.07 -0.06 -0.04 -0.02 -0.07 0.00 0.07 070. 0.11 0.09 -0.02
NT -0.14 0.01 -0.15 -0.03 -0.01 -0.09 -0.14 -0.110.10 -0.02 -0.07 -0.87*
SD 0.16 -0.01 0.14 003 001 009 015 0.13 0.10 050. 0.09 0.94**
IL -0.04 0.03 -0.11 -0.11 -0.02 -0.09 -0.06 0.00 .0 0.07 0.03 -0.39
NN -0.02 0.03 -0.10 -0.09 -0.04 -0.09 -0.04 0.02 .09 0.09 0.05 -0.27
NL -0.10 0.02 -0.13 -0.14 -0.04 -0.02 -0.11  -0.060.10 0.02 -0.02 -0.67
Lw 017 000 012 014 001 0.00 0.06 0.17 0.08 90.0 0.14 0.99**
LL 018 001 008 011 0.00 0.00 0.03 0.6 0.05 30.1 0.16 0.92**
cC 010 -0.02 014 015 003 001 010 0.12 0.08 00 0. 0.04 0.77
GM -0.15 -0.02 -0.02 -005 0.02 001 002 -0.11 160. 0.00 -0.16 -0.62
DM -0.16 -0.02 -0.06 -0.09 001 001 -001 -0.14 .180 -0.03 -0.14 -0.82*
Determination coefficient 0.99111
k value used in the analysis 0.05066
Effect of residual variable 0.09428
Determinant of correlation matrix 6.48E-11

Column for the direct effect of the line trait dretprotein content (PCColumn for the indirect effects on the line tréietprotein content
(PC).% Column for the phenotypic correlatiorP} of the line trait with the protein content (PC).

Direct positive effect was observed for the trdit & PC, as well as positive direct effect via WL, LW,
LL, CC and DM, resulting in positive correlatiorP(= 0.94). This indicates that the selection of ggpes with
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greater stolon diameter result in an increase arfitgbrotein content. In the culture of oilseed shdRaphanus
sativusL.), stem diameter has a positive relationshighwite green mass and dry mass, and can be used for
indirect selection (Cargnelutti-Filhet al, 2014).

The IL trait showed no significant correlation witC. However, it is observed that the NT, SD, Nd an
CC traits showed high negative indirect effect loa kL. The direct effect of IL on PC was not pronoed for
this association.

For NN trait also was no significant correlationowkver, pronounced negative indirect effects were
observed for the NT, SD, NL and CC traits. Thers wa direct pronounced effect on PC.

As for the number of nodes, the NF trait showedsigmificant correlation with PC. However, negative
indirect effects were observed via NT, SD, LW ar@, @s well as negative direct effect on PC.

Positive direct effect and high magnitude was olesfor the LF trait on the PC. Positive indireffeets
of high magnitude were observed via NT, SD, LL &#d, resulting in high magnitude correlation betwdba
LW and PC (P = 0.99). This indicates that the selection of fdanith leaf wider, promote increased protein
content in the leaves of Tifton.

The greater direct positive effect was observedterLL trait on the PC. Positive indirect effeatsre also
observed via SD, LW, GM and DM, resulting in higlagnitude correlation between LL and R® & 0.92).
This indicates that the selection of plants witghieir leaf length favor the production of plantshwitcreased
protein content.

The CC trait showed no significant correlation wit@. However, the value of the observed correlatam
be considered average. Direct positive effect wesenved for the relationship of these traits, al$ agepositive
indirect effects via NT, SD, NL and LW. Although mignificant correlation with PC, the GM trait shedv
pronounced negative effects, directly and indiseeih LW, LL and DM.

For DM trait was observed negative direct effechimfh magnitude with the PC, as well as indired an
negative effects via LW, LL and GM, resulting ingag¢ive correlation between DM and PC (rP = -0.82jis
indicates that the selection of plants with highmass will result in plants with reduced protein teo.

In a general way, to increase the protein conteptants Tifton is necessary for the selectionlah{s with
least number of tillers and less dry matter. Aslasllarger stolon diameter, greater leaf width grehter leaf
length.

However, the number of tillers have indirect pesiteffect of via SD, LW and LL, indicating that eyher
number of tillers may be associated with increagetbn diameter, leaf width, the leaf length, andsequently
the chlorophyll content. A similar result was ohel for DM, as the positive indirect effects via,30W and
LL. This indicates that plants with larger stoloiardeter, greater leaf width and greater leaf lentghd to
exhibit greater dry mass. This work presents atgreatribution to agricultural and especially thétiwation of
Tifton genotypes science, it reveals the phenotypterrelations and the actions of cause and effeft
morphological and productive characters determiniirggcrude protein in the same way, evidence @iter
employment indirect selection of a characters todedl in breeding programs of this species.

Conclusions:

To getting the genotypes with greater protein cattis necessary the selection plants with gresttdon
diameter, leaf width, leaf length, lower humbetiltérs, green mass and dry mass.

In a general way, the Tifton 85 genotype has grehighlight cultivation aiming greater development,
resulting in a higher green mass, dry mass andapigyll content, however, when it aims genotyped trave
high protein content, should have some cautiorgesthe negative correlation seen between this laadraits
green mass and dry mass.
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