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ABSTRACT

Crambes breeding is still incipient, with few cultivars of inter@3te aims of the present study were: i) to evaluate
the divergence between 10 genotypes of crambe, through morphoagronomic and quality traits, using multivariate
analyses; and ii) to estimate genetic parameters related to these traits. The trial was conducted in a greenhouse, and the
experimental data were submitted to multivariate analysis and genetic evaluation. The genotypes differed significantly
among them for plant height (PH), stem diameter (SD), number of branches per plant (NB), height of the first productive
branch (HPB), mass of 1000 grains (M1000), grain yield (YIELD) and oil productivity (OIL). The experimental coefficient
of variation revealed good precision (4.29 to 13.81%). The averages of YIELD (1936.94 kg/ha) and OIL (660.10 kg/ha)
were high. The traits presented high estimates of broad-sense heritability on a mean genotype B&8s&5ihThe
cluster analysis revealed five clusters of genotypes. YIELD showed the greatest contribution (22.31%) to the diversity
among the genotypes, followed by HPB, NB and SD. Genotypes 2 and 4 can be used as parents at future crosses, as they
are promising in obtaining segregant populations.

Keywords: biofuels; plant breeding; oilseed plant; Brassicaceae.

RESUMO

Divergéncia e estimativas de parametros genéticos €rnambe abyssinica: uma planta
oleaginosa para usos industriais

O melhoramento do crambe ainda € incipiente, com poucas cultivares de interesse. Os objetivos do presente trabalho
foram: i) avaliar a divergéncia entre 10 genétipos de crambe, por meio de caracteristicas morfoagronémicas e de qualida-
de, utilizando analises multivariadas e; ii) estimar parametros genéticos relativos a essas caracteristicas. O experimento
foi conduzido em casa de vegetacao, e os dados obtidos foram submetidos a analises multivariadas e de avaliagao
genética. Os genotipos diferiram significativamente entre si quanto a altura de plantal{@betro do caule (DC),
ndmero de ramos por planta (NR), altura do primeiro ramo produtivo (ARP), massa de 1000 graos (M1000), produtividade
de gréos (PROD) e de 6leo (PO). O coeficiente de variacéo revelou boa precisdo experimental (4,29 Asl3\8dis).
de PROD (1936,94 kg/ha) e de PO (660,10 kg/ha) foram elevedearacteristicas apresentaram altas estimativas de
herdabilidade em nivel de médias de progénies {3,65).A andlise de cluster revelou cinco grupos de gendtipos.
PROD foi a caracteristica com maior contribuicao (22,31%) para a diversidade entre os genétipos, sagidaRor
e DC. Os gendtipos 2 e 4 podem ser utilizados como genitores em cruzamentos futuros, pois sdo promissores na
obtencdo de populacdes segregantes.
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INTRODUCTION method, since it allows identifying sources of variability

- . .. evaluates the importance of each measured trait and knows
Crambe Crambe abyssinicaHochst) is a hexaploid the heterotic hybrid combinations, even before the

(2n =6x=90) species and an important Brassicaceae oilseed . L
. . Crossings (Saviet al, 2008).
(Duet al, 2014). This family covers about 350 genus and . L . .
3200 ies. Oth . ¢ this fansiveh | Another important analysis in breeding programs is
B s_peues. Zr spgues; 0 'Sf anmlicﬂas €anola yhe estimation of genetic parameters, since they allow to
(Brassica napysand various types of musta {uncea, _identify the nature of gene action involved in the control

B. c?rggng.%l]ba, B. r:gra) in? similar to cdrarfnbe (Disa| of quantitative traits, as well as to evaluate the efficiency
etal, )- The genuSrambeis composed of more than of breeding strategies to obtain genetic gains (@tuz

30 species, bein@. abyssinicahe only cultivated (Desal al., 2014). One of the most important genetic parameters
is the heritability coefficient, which measures the

etal, 2004).

In the past, crambe was used as fodder for soil COVﬁrroportion of genetic variation in relation to the total

Currently the plant presents high potential for OiIvariation. Howeverthis coeficient may sufler variations
production (Carlsson, 2009). The oil extracted from cram ing to changes in environmental conditions (Falconer
seeds has the potential to be used in the manufacture&q\f/lackay 1996)

plastic films, adhesives, nylon, thermal insulation, In this context, the aims of this work were: i) to evaluate

corrosion inhibitors, synthetic rubber and industria{he genetic divergence among 10 crambe genotypes
lubricant (Carlsort al,, 1996; Falascat al, 2010). The through morphoagronomic and quality traits, using

crambe seeds oil can be used advantageously for {i¢ iy ariate analyses, and ii) estimate the genetic
production of biodiesel @varest al, 2017), asithas a parameters related to these traits.

higher resistance to degradation and oxidation (Letlas

al., 2012). Howeverwhen refined, this same oil can bepjATERIAL AND METHODS

used in the production of cosmetics (Falasical,, 2010) . . .

and waxes (Zhet al, 2016). In addition, crambe bran, a Experimental design and evaluated traits
byproduct of oil extraction, presents excellent nutritional  The trial was conducted in a greenhouse of the experi-
quality, with up to 45% crude protein, and can be used &ental field “DiogcAlves de Mello”, (20° 45' S, 42° 57

a protein supplement in ruminant feed (Carlsoral, and 650 masl), atthe Univesidade Federafigiesa (UFV),
1996). in Vicosa-MG Brazil, fromApril to July 2016 The experi-

The interest in the crambe's crop is increasing and ifgental design used was a randomized complete block with
breeding is in progress. In Brazil, there is already a cultivaP treatments (genotypes), four replications, being each
adapted to its conditions, the ‘FMS Brilhante’, obtaine@€plication with 5 plants totaling 200 experimental units.
by the MS Foundation through the lineages from Mexichhe seeds, provided by the Mato Grosso do Sul
in the 1990s. In other countries, such as the USA, there &rgundation (MS Foundation), were treated with the
other cultivars such as Meyéndy, Bellan, Prophet and fungicide and planted at a depth of approximately 3 cm,
Bellinzian. The main objectives for the breeding in thi§'Sing three seeds per pdiventy days after sowing,
crop are: increase of grain yield, oil content, erucic aci#inning was performed to conduct one plant per pot.
content in oil, lower seed dormancgmong others The following traits were evaluated:

(Knights, 2002). - Plant height (PH, in cm), measured with a measuring tape,

Due to the high productivitpil and erucic acid content s the distance between the soil surface and the apex of
and the possibility of using this crop in the autumn-wintee plant;

season for oil production and cycle breakdown of sever_aétem diameter (SD, in mm). Measurements performed close
pathogens, researches with crambe has been intensif{gqhe ground using a pachymeter;

in the last years. Howevehe information is still incipient ber of b h | btained b )
of for this crop, lacking more studies in the genetiéNum er of branches per plant (NB), obtained by counting

improvement. the branches in each plant;

In breeding programs, studies on genetic divergencéi€ight of the first productive branch (HPB, in cm),
to identify potential crossings and to know the geneti@orresponding to the measurement of the distance between
basis of genotypes are extremely important. Howevepe soil surface to the first productive branch;
efficient methods of quantifying genetic diversity assistMass of 1000 grains (M1000, in g), measured by weighing
in selection success of the best individuals, maximizingight sub-samples of 100 grains per plant. The samples
gain and the efficiency in development of new cultivarerere weighed, correcting the degree of humidity to 9%.
(Farias Net@t al, 2008). The multivariate analysis in theM1000 was determined according to the Rules for Seed
guantification of genetic divergence is avantageous Analysis (Brasil, 2009);
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- Grain yield (YIELD, in kg/ha), evaluated through the Mean genotypic variance:

harvest of each plant, and the value obtained being

transformed to kg/ha, with humidity correction to 9%; - Mean phenotypic variancg; = MSg
4 r

- Oil content (OIL, in %), measured using the Soxhlet ) ) MSe
extractor For this, 10 g of crushed seeds were used, whic1€an environmental variancg = —
were placed in pre-weighed filter paper cartridges, recordinggroad sense heritability on a mean genotype basis:
the combined weight. The samples were taken to Soxhlet 482

using hexane extractor at 80 °C and subsequently at 110/#3=—- * 100

for 4 hoursAfter this process, the samples were placed in o

a drying oven at 70C for 24 hoursAfter this time, the The multivariate analysis for the quantification of
cartridges were weighed again to determine the oil contetivergence was performed using the generalized
based on the dry mass. This evaluation was realized at Mahalanobis distance fPbetween genotypes, where the
Biotechnology Laboratory of the Department of Fitotecnidistance between the pair of genotypes i and i were defined
(Plant Science) at UEVhe oil content was estimated usingby the expression (Cret al, 2012):

the formula: D2 =5 Y5
OIL = M % 100
CBE - CWB D?: generalized Mahalanobis distance between genotypes

iandi’,beingi=1,2,...,9

0,=[d,d,..d] beingD =Y, -Y, forgenotypesiandand

) . ) dis the difference between the two genotypes means i and
CAE: cartridge with sample after extraction i for each evaluated trait:

CWB: cartridge without samples before extraction Y,is the mean of the i-th genotype in relation to the j-th
- Oil productivity (OP in kg/ha), obtained by the expressionait, beingj=1, 2,..., p

wherein:
CBE: cartridge with sample before extraction

1 . . .
 (YELD % OIL) Ytinverse of the error variance and covariance matrix.

100 On the generated Mahalanobis distance matrix was
processed clustering analysis by UPGMA (Unweighted
Statistical analysis Paired Group Method usingrithmetic Averages)

. . algorithm. The relative contribution of the traits to the
The data were performed to univariate analysis oj.
) | . divergence among genotypes was assessed by the method
variance (ANOMW) to evaluate the existence of genetic

of Singh (1981), using Mahalanobis generalized distance

Va”.at.)”'ty among the genotypes, according to th%stimatesAII the analytical processing was performed in
statistical modelY, = +g +b +¢

the Genes software (Cruz, 2013).

OP

wherein:

Yij: value observed for a trait, relative to the i-th genotyp(R ESULTSAND DISCUSSION

in the j-th block;
: general mean; Analysis of variance (ANOVA)

g: effect associated with the i-th genotype, being i UnivariateANOVA showed a highly significant (p <
1.2,...,0; 0.01) effect of the genotypes for all traits evaluated,
indicating the presence of genetic variability among them.
Besides, the estimated genetic variation confirms the
variability among the genotypes, since all were different
The significance of the mean squares was tested fsgm zero (Rble 1).
the F test (p < 0.01), the means were compared by the In general, the coefficient of experimental variation was
Scott-Knott test (p < 0.05) and, frahNOVA, the genetic low, varying from 4.29% foYIELD to 13.81% for HPB,
parameters were estimated for each trait, according to Cambich means that the experiment showed good precision.
etal.(2012): Lara-Fiorezeet al.(2016a), in a study with crambe progenies
\/8_2 from individual plant selection, observed higher value of
#g * 100 CV for number of branches (> 14.93%), but still with good
experimental precision.
For grain yield (YIELD), the average of the 10 crambe
genotypes evaluated was 1936.94 kg/hal@1). Genotypes

bj: effect associated with the j-th block, being j=1,2,..., b
g effect of experimental error

- Genetic variation coefficient (%1, =

A2
- b quotient (CVg/C¥ ratio); ch
(o)
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2, 3, 5, 6 and 8 highlighted as the most productive of thipeoduction. It should be noted that these genotypes are
experiment, with yields higher than 2010 kg/hal{€ 2). present in the group of higher grain yields. In this ,way
Vianaet al.(2015), evaluated the yield of the cultivar FMShese materials can be incorporated into future crossover
Brilhante at different sowing densities and obtained averageseding blocks in the genetic improvement of crambe.
values ranging from 1706.12 to 2118.57 kg/ha. Inwork with  The height of the first productive branch (HPB) is an
the same cultivar Zoet al. (2018) obtained grain yield important feature when it comes to mechanized harvesting.
ranging from 1176.7 to 1760.7 kg/ha. The values presentelde low height makes it difficult to harvest mechanized,
by both works corroborate the high productive potential afhich can increase the losses due to the cutting platform
the crambe genotypes evaluated in this experiment.  working close to the soil (Cortetal, 2008). It was verified

For oil productivity (OIL), the average of the 10 crambehat the average height of the first productive branch of
genotypes evaluated was 660.1 kg/teb(@ 1). Genotypes the crambe genotypes evaluated wadd@cm (Bble 1),
2,5, 6 and 8 presented yields higher than 690 kgAld€T with featured on genotype 4, that presented the highest
2). In a study with the cultivar FMS Brilhante, Lunellial. mean for the HPB when compared to the otheabl€r2),
(2013) reported an oil productivity of 372 kg/ha, much lowebeing possible the use of mechanized harvest for these
than that observed in this stydyhich shows superiority genotypes, since the crambe crop can use the same
in the genotypes evaluated by our research to ailachinery harvesting as soybean (Rital, 2010).

Table 1: Summary ofANOVA and estimates of genetic parameters for plant height (PH), stem diameter (SD), height of the first
productive branch (HPB), number of branches (NB), mass of 1000 grains (M1000), grain yield (YIELD) and oil productivity (OIL),
evaluated in 10 genotypes of crambe

Mean Squares

Sources df

PH SD HPB NB M1000 YIELD OIL
Blocks 3 - - - - - - -
Genotypes 9 169.75** 3.06**  20.58** 9.47** 1.04** 6 7679.78** 7668.85**
Error 27 44.72 0.35 2.39 1.38 0.24 6894.55 1341.00
Mean 146.34 11.05 11.20 16.89 8.90 1936.94 660.10
CV (%) 4.57 5.39 13.81 6.95 5.46 4.29 5.55
Minimum 130.00 8.85 6.20 13.40 7.51 1663.48 582.35
Maximum 162.60 12.91 18.40 21.25 10.19  2191.28 808.58
Estimates of Genetic Parameters
CVg (%) 3.82 7.45 19.03 8.42 5.04 6.36 6.03
b 0.84 1.38 1.38 1.21 0.92 1.48 1.09
azg 32.26 0.68 455 2.02 0.20 45196.31 1581.96
o2 44.72 0.35 2.39 1.38 0.24 6894.55 1341.00
2 (%) 73.65 88.42 88.36 85.44 77.31 89.81 82.51

** p < 0.01, F test. CVcoeficient of variation;CVg: genetic variation coétient;
b quocient ratio between the coefficient of genetic and environmental variation;
oQg: genotypic varianceg?;: environmental variancdy ; broad-sense heritability coefficient on a mean genotype basis.

Table 2:Plant height (PH), stem diameter (SD), number of branches (NB), height of the first productive branch (HPB), mass of 1000
grains (M1000), grain yield (YIELD) and oil productivity (OIL) evaluated in 10 genotypes of crambe

Genotypes PH SD NB HPB M1000 YIELD OIL

1 158.27 a 11.58a 18.67 a 12.20 b 9.14 a 1863.68 b 625.82 b
2 144.97 b 1151 a 19.95a 9.03d 8.44 b 2090.50 a 693.53 a
3 137.67 b 1156 a 16.38 b 8.59d 8.84 a 2012.83 a 661.25b
4 150.87 a 10.08 b 1440 b 15.30a 8.96 a 1840.47 b 632.57 b
5 140.67 b 11.30a 15.85b 8.07d 8.75a 2064.11 a 698.87 a
6 142.60 b 1174 a 16.84 b 10.40c 9.16 a 2075.71a 708.89 a
7 153.80 a 9.21c 16.70 b 13.30 b 9.06 a 1822.73 b 627.86 b
8 147.20 b 12.09 a 15.85b 11.80b 9.86 a 2039.31a 727.30 a
9 147.20 b 10.76 b 17.05b 10.87c 7.88Db 1786.33 b 623.12 b
10 140.11 b 10.70 b 17.20 b 12.48 b 8.89 a 1773.75b 601.81 b

Means followed by the same letter in the columns belong to the some group by the Scott-Knott test (P < 0.05).
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In study of the crambg’performance in function of materials have varied origins and, consequeptlsent
plant spacing and densifyreitaset al.(2013) found lower variations that allow greater success in the selection of
mean values than those observed in our study for theperior genotypes. Lara-Fiorezteal.(2016b) also found
traits plant height (109 cm), mass of 1000 grains (7.95 d)igh heritability coefficients (> 74.00%) for the traits
number of branches (12.91) and grain yield (783 kg/hagtudied in 32 superior self-progenies of the FMS Brilhan-
Laghettiet al.(1995) obtained an average of 7 g for M100Qe, except for a mass of 1000 grains estimated to be
while Lara-Fiorezet al.(2016a) observed a mean of 7.72 ¢6.00%.
for the same trait studied in the county of Botucatu-SP .
and 6.93 g in the county of S&o Manue]H8R011L, lower Genetic divergence
values than those found in our research (8.90 g). The The UPGMA dendrogram, based on the Mahalanobis
broad variability presented in the crambe genotypes studidigtance matrix, allowed the separation of the genotypes
is important to be explored at future crosses in breedifi@gfo five clusters. Clusters Ill, IV and V were formed by

programs of the species. only one genotype each (Figure 1). Genotypes 3 and 6
_ _ were the most similar paiwith D* equal to 3.29 and
Estimates of genetic parameters genotypes 2 and 4 showed greater dissimilarity witbfD

Estimates of genotypic and environmental variance57.52. Cluster | presented the second best average grain
as well as the heritability coefficienh®) on a mean yield (2047.99 kg/ha) and the highest productivity of oil
genotype basis, the coefficient of genetic variation (CVd$99.08 kg/ha) and mass of 1000 grains (9.15 g), which could
and the b quotient (CVg/@+atio) are presentedTable be considered a promising group present high average of
1. The CVg allows to understand the magnitude of theaits desirable to the culture. Clusters Il, composed of
genetic variability that is present in the population for athree genotypes, obtained moderate grain yield (1812.32
the evaluated traits, assisting in the selection of superikg/ha) and the lowest oil productivity (620.75 kg/ha), as
genotypes. The CVg ranged from 3.82% to 19.03% for Pilell as smaller stem diameter (9.99 mm) and number of
and HPB, respectivelyn the case of selection, the CVgbranches (16.1) @ble 3).
indicates the proportionality of the gain in relation to the Clusters 1ll, IV and V were represented by only one
mean. The b quotient indicates a situation favorable to tgenotype each, with cluster V highlighting the highest
selection of superior genotypes, when it is greater thgnain yield (2090.50 kg/ha), besides high oil productivity
the unit (>1), since the genetic variation surpasses tf&93.52 kg/ha) and number of branches (19.95), being also
environmental one. It is an important parameter to detegpotential group due to the high observed average. Cluster
the genetic variability in the population (Resende & Duartdl] had the lowest grain yield (1786.66 kg/ha) and 1000
2007). The b quotient was higher than the unit for Srain mass (7.88 g). The IV cluster had the highest plant
HPB, NB, YIELD and OIL, indicating that the geneticheight (158.27 cm) and high values for stem diameter
variation was superior to environmental variation an@1.57 mm), height of the first productive branch (12.2 cm),
favoring selection for these traits. number of branches (18.67) and 1000 grains mass (9.14 g)

The coefficient of heritability is one of the most(Table 3).These clusters are important for selection of su-
important parameters in genetic breeding. This coefficieperior genotypes because they show how much of genetic
shows how much of genetic variation is inheritable to theariability is available. In addition, the clustering allows to
generation after selection (Resende, 2088).the distinguish genotypes with higher dissimilarity between
evaluated traits showed high heritability (> 73.65%, them that can be used in future crosses. Therefore, the
for PH), even when dealing with environment-influencediversity of plant genetic resources allows breeders the
traits such as grain yield (89.81%) and mass of 1000 graipportunity to develop new cultivars with superior
(77.31%). This can be explained by the fact that thesbaracteristics (Govindarej al, 2015).

3
6 — 1
5 — } I
8
2 |
4
7 =
10 J |
1 )
9
0 10 20 30 40 50 60 70 80 90 100
0 3.19 6.38 9.58 12.77 15.97 19.16 22.36 25.55 28.74 31.94

Figure 1: UPGMA dendrogram based on generalized Mahalanobis distance among 10 crambe genotypes.
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Table 3:Plant height (PH), stem diameter (SD), height of the first productive branch (HPB), number of branches (NB), mass of 1000
grains (M1000), grain yield (YIELD) and oil productivity (OIL) of the different clusters of crambe formed from UPGMA

PH SD HPB M1000 YIELD OIL
Clusters NB

cm mm cm g kg/ha kg/ha
I 142.03 11.67 9.71 16.23 9.15 2047.99 699.08
Il 148.26 9.99 13.69 16.10 8.97 1812.32 620.75
1 147.20 10.75 10.87 17.05 7.88 1786.33 623.12
v 158.27 11.57 12.20 18.67 9.14 1863.68 625.82
\Y, 144.97 11.51 9.03 19.95 8.44 2090.50 693.52

Table 4:Relative contribution (S.j) of traits to digemce, based Genotypes 2 and 4 can be used as parents at future
on the generalized Mahalanobis distance, in crambe genowp€§osses, as they are the most promising for obtaining

Trait Relative contribution segregating populations.
ralts

S.j Value (%
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