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ABSTRACT

The present study aimed to select and recommend quinoa genotypes based on the yield genotypic adaptability and
stability, by the method of the Harmonic mean of relative performance of genotypic values. Five experiments were
conducted during the crop seasons of 2014 and 2015 in two location®\estsen region of Parané®, BrazilThis
study involved the evaluation of the yield of thirteen quinoa genotypes. Initiadlygenotypic values (GV) were
obtained by employing BLUP/REMinethodology for mixed modelstter, the values of the harmonic mean for genotypic
value (HMGV*MG), the relative performance for genotypic values (RPGV*MG) and the harmonic mean of the relative
performance for genotypic values (HMRPGV*MG) were obtained. The genotypes Q1317 and Q2014 were the best
indicated for cultivation in the summer crop, with medium yield genotypic stability and adaptdhiétgenotype
Q1318 is recommended for winter crop, presenting high yield genotypic stability and adaptability

Keywords: Chenopodium quing@enotypic value; BLUP/REML; mixed model.

INTRODUCTION environmaet to guarantee efficiency of genotype selection.

Quinoa Chenopodium quinoavilld) is known and These studies are known as assessability of yield

used on lage scale by farmers in Colombia, Ecuaéaru, adaptab.lllty anq stability o o .
Bolivia, Chile andArgentina. Quinoa is increasingly Studies of yield adaptability and stability are carried

cultivated in the world by being present, cultivated or und@-tin diferent crops as soybearagéoncelost al, 2010),
experimentation, in more than 95 countries around ttf™" (Oliveiraet al, 2017), cowpea @reset al, 2015),
world (Bazileet al, 2016). In 2017, the global quinoaPOP corn (Freitast al, 2013), jatropha (Rodrigues al,
production volume amounted to about 146.74 thousad@ ), éucalyptus (Pupgt al, 2015), white oat (Hawerroth
metric tons. The amount produced in Brazil is consideréd - 2013), rice (Colombari Filhet al, 2013), carrot (Silva
insignificant for the world statistics, being only related t&t @l- 2011), quinoa (Aliet al, 2018), among others.
the researches of Embrapa, University of Brasilia (UnB) &f0OWeVer there is no available research about the yield
Universidade Estadual do Oeste do Parana (UNIOEST@Yaptability and stability of quinoa in Brazil.
(Spehaet al, 2011; Vasconcelost al, 2013). For analysis of the yield adaptability and stability there
In Brazil there are studies related to the cultivation gire several methods, standing out: Lin and Binns method,
quinoa in the Brazilian savannah region (Spedtaal, Eberhartand Russell (Eberhart & Russell 1966); iz,
2011) and in tropical conditions @gconcelost al, 2013). res and/encovsky (Cruet al, 1989), Integrated method
However even within one of these environmentalVasconcelost al, 2011),AMMI - Additive Main efects
conditions there is great variability generating and Multiplicative Interaction model (Gauch, 2006).
differentiated response of each genoty@edieu, 2013), Another method based on mixed models, that has often
requiring studies involving more than one growingeen employedith this type of analysis, is the HMRPGV
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- harmonic mean relative performance of genotypic value$ organic matter (environment 3). The distribution of
(Resende, 2007). the fertilizers was carried out in lines with the aid of a
The method of the Harmonic mean of relative&semeato sowing plantation, model SDM1517, drawn by
performance of genotypic values has generated excellentractorTL 75 4x4 aspirated with 78 c8eeding was
results for stability and adaptability studies (Olivesta done manually using the lines left by the sowing
al., 2017;Torres Filhcet al, 2017; Rodriguest al, 2017; plantation. In the seeding process, 45 seeds per linear
Costaet al, 2015;Almeida Filhoet al, 2014).The meter were arranged, with thinning to guarantee only 40
advantages of this procedure include the adaptabiliplants per square meter
and stability simultaneouslyselection for productivity The culture treatments were carried out whenever
With this method, we are working with unbalanced dataecessary in order to ensure that there was no competition
and no variance homogeneity (Colombari Fiktoal, between quinoa plants and weeds and also to avoid
2013). Consequentlyhe use of HMRPGVh data from excessive attack from pests and diseases in the crop.
quinoa trials can generate information of great importance Harvesting, thrash and cleaning of the quinoa seeds
for the selection of genotypes with yield stability andvas done manually with approximately 100 days after
adaptability emergence of the seedlings (varying according to
Therefore, the present paper aimed to select agénotype), after that the seeds were dried in the sun until
recommend quinoa genotypes based on the yietdaching 13% moisture. Then, the mass of the harvested
genotypic adaptability and stabilityy the method of the seeds was determined by the balance with the precision of
Harmonic mean of relative performance of genotypic value8.005g, obtaining the values in kg, these values extrapolated
to yield in kg h&.
MATERIAL AND METHODS The model below is in a linear form:

Was conduct five experiments during the crop seasops X + zg +W, + Tga+ e
of 2014 and 2015 in two locations in the Parana State, in the
municipalities of Entre Rios do Oeste and for mixedVhere:
modelsthe yield (ton¥R5 and MHPR/G.Marechal Candi- vy is the data vector or vector of the observations; r is the
do Rondon (&ble 1). In this region, the average annualector of the replications effects (assumed as fixed and
temperature is 23 °C, with variation between 1,600 and 1,880just block-environments combinations) added to the
mm of the total annual precipitation. The soil is classifiedeneral mean; g is the vector of the genotypic effects
as Eutroferric Red Latosol with clay texture. (assumed as random); b is the vector of blocks (effects
The experiments were arranged in a randomized comandom); ga is the vector of effects of genotypes x
plete block design, with 3 replications. The study involvednvironments interaction (random), and, e is the vector of
thirteen quinoa genotypes: Q2014, Q1301, Q1302, Q13@8yors or residuals (random). Capital letters represent the
Q1304, Q1306, Q1310,Q1317,Q1318, Q1320, Q1321, Q13ntidence matrixes for these effects. The effects of the crop
and Q1331. Line spacing was of 0.5 m each, arrangedseason and municipalities are grouped into effect a, as
five rows on the experimental plot, which has 5.5 meters tifey are environmental effects (effects random) (Resende,
length. The experimental plot useful area was compos2a07).
by the three central lines with 4.5 meters of length, totaling The effects significance of the model was estimated by
6.75 M. an analysis of deviance, as recommended by Resende
The fertilization was 288g ha! of the formulated (2002). The effect block within the environments was tested
08-20-20 in conventional crops and 400 kg bbpelleted by F test at 5% of error probability
organic fertilizer in the formulation 05-08-08 with addition

Table 1: Environmental descriptions of site, year and crop seasons, as well as the seeding system used

Environment Municipalities Latitude Longitude Altitude Year/ Crop season Seeding system
1 Marechal Candido Rondon-24.5321 -54.0176 422 2014 / Winter conventiondl

2 Entre Rios do Oeste  -24.6813 -54.2854 267 2014/15 /Summer no-tillage

3 Entre Rios do Oeste  -24.6757 -54.2817 260 2014/15 /Summer conventional organic
4 Marechal Candido Rondon-24.5316 -54.0176 421 2014/15 /Summer conventional

5 Entre Rios do Oeste  -24.6810 -54.2823 265 2015 / Winter no-tillage

1 Seeding system with soil tillage and use of chemical fertilizer, herbicides and insecticides when nécgssdiyg system without soil
tillage, desiccation of area with herbicide, use of chemical fertilizer, herbicides and insecticides when nécgssdigg system with soil
tillage and use of organic fertilizer, without use of herbicides and insecticides.
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By using empirical BLUP predictors (REML/BLUP) with of the genotypes when evaluated in different
this model in matrix, it was possible to obtain estimates ehvironments. This significance can be connected to
mean effect for environment fi(), genotypic effects for the condition of quinoa being alotetraploid (Zurita-Sil-
genotype i g;) and effects of the genotypes x environmentga et al, 2014), due to possesses four gene pools the
interaction @¢;) involving the genotype i and the quinoa can present a differentiated response in several
environment jAfter that the genetic value&y,) effects environments. For to show this it is enough to imagine
was obtained for genotype i and environment j, as followshat, the segregation of a single gene from a
heterozygous alotetraploid genotype can generate five
different genotypes (AAAAAAAa, AAaa, Aaaa and
aaaa), whereas in the diploid we will have only three
different genotypes (AAAa and aa). In this case, if the
genotype with recessive alleles has less adaptive

With the d &V th btained for all potential than the others, we will have 1/3 of the plants
Ith the data oGV, that were obtained for all genotypes, iy 1his condition in diploids and 1/5 in tetraploids.

the values of the harmomc.r_nean fo_r genotypic ValqEonsidering this condition we would have a greater
(HMGV) as a measure of stabilithe relative performance adaptive power in the tetraploids

for genotypic values (RPGV) as a measure of adaptability The genotypes effects was not significan(p.05)

and the harmonic mean of the relative performance fBE/ the analyses of devianceaple 2) This result may be
genotypic values (HMRPGV) as a measure of Stablllt¥elated to the condition that the genotypes still have

adaptability and productivifgimultaneouslyThese data
were obtained in accordance with the expressions:

GVy=[j+ g + g&;

With the GV, data, theTocher test was performed as
presented by Cruet al. (2014) within each growth
condition.

variability, because it comes from plant selection, followed
by advancement of generations, thus guaranteeing that
HMGYV, = 1 their general average productivity (average of replicates
Yi-1 GIV and cultivation environments) do not present differences.
! Thus, we can show that the effects of interaction G x E are

RPGV, * MG~ i( Y- VG{»,-) « MG the main rgspons_ible for the _significance of the model.
/ M; Also, the differentiated behavior of the genotypes in the
1 different environmental conditions of the cultures were
HMRPGV; *MG:t * MG responsible for the observed differences, as already
/=1 RPGYV; evidenced by Spehar & Rocha (2010).
Where: The component of variation of the G x E interaction

and the coefficient of determination for this source of the
variation were significant by the test t9.05) (Table 2).

With this result we can state that the genetitedéhce
between the genotypes was presented when they were
submitted to the environments used in this research, and

Tocher test was performed as presented by €. . . .
. . despite of the fact that the environments have potential
(2014).This is possible because thecher test allows to . - .
for differentiation of the genotypes behavior under

group similar behaviors of the genotypes, this way in the

processes of group formation, the distances within e alysis, according to Oliveied al.(2017). Itis also worth

. mentioning that G x E interaction hinder the selection of
group are smaller than the distances between the gro

ups . i .
Thus, we will have values BIMGV, RPGVandHMRPGYV, iﬂ?lezgrii)satlsfactory genotypes for a particular trait (Cruz

smaller within the groups formed than the distances
witt g up o - st The genotypes Q1317 and Q1321 form the group a,
between the group¥Vith this, we facilitate the discussion it the highest woic val h ltivated in Ent
of the results oHMGV, RPGV andHMRPGV, since we " '© NIGNESLGENOLypic value when cuiivated in Enire
' ' : Rios do Oeste, achieve a genotypic value of 1988.02 and

can distinguish the behavior of each genotype. . ~
The Selegen software system (Resende 2016) was u t%r(?g&m kg h& respectivelyin Marechal Candido Rondon,

for the analyses, except fbocher test, this was done by evx?itehn(t)r:ypsis SZOtM ar‘]n? Qi13\(/36| will ?:/’; S::tUtﬁ;Cetg;O:an
the use of GENES (Cruz, 2013). 2 € highest genolypic values when cullivate

the summer crop of 2014/15. These genotypes reached

genotypic values of 1975.87 and 2027.13 kd,ha

RESULTSAND DISCUSSION respectively (&ble 3).When considering the results for
The genotypes x environments interaction (G x Ejoth environments in the crop summee found that the

was significant (p < 0.01) by the analyses of devianggenotypes Q2014, Q1306 and Q1321 have the genotypic
(Table 2), indicating that there is fiifentiated behavior value near or above 1750 kgtha

| is the number of environment@;\/ij is the genotypic
value of the genotypiein the environment and,MG is
the general mean.

With the HMGV,, RPGV and HMRPGYV datas, the
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The genotype Q2014, which is the union of the seedswith the highest genotypic values. These presented
of all the other genotypes, presented a productive behavganotypic values of 466.34 and 429.79 kg hespectively
superior to the general average when cultivated in the Marechal Candido Rondon the genotypes Q1304 and
crop summerlt is evident that this genotype has highQ1324 formed the group a, with the highest genotypic
adaptive capacity for cultivation in conditions withvalues, achieve 450.44 and 486.98 kg, haspectively
temperature higher than the average in which th@able 3).
genotypes were evaluated. The cultivation of quinoa genotypes in the summer

The genotypes Q1318 and Q1320 when cultivated and winter crop showed that genotype selection should
the winter season in Entre Rios do Oeste formed the grolo@ performed for each cultivated period or crop season.

Table 2: Results of deviance analyze, components of variance and determinationfiofecdeffor to the joint analysis of the
thirteen quinoa genotypes in five environments, in Marechal Candido Rondon and Entre Rios do Oeste - Parand, Brazil

Effect Deviancé LRT (+?? Component ofVariance  Coeficient of determination
Genotypes 2077.03 0.01s 156.6970° 0.0026
Genotypes x Environments 2121.81 44, 79** 30995.4645 0.5080
Residue - - 25533.9046 0.4185
Complete Model 2077.02 - 61017.3124 1.0000
Block/Environments 2085.34 F = 8.32** 4331.2468% 0.0710°

! Deviance of the adjusted model without the corresponding effetikelihood Ratio for models with and without the respective effect.
* and ** Significant by the chi-square test at 5% (3.84) and 1% (6.63), respecti&ignificant by the t test (p < 0.05).

Table 3:Predicted genotypic values (GV) to the yield trait of thirteen quinoa genotypes evaluated in five environments, for 2014 and
2015 agricultural years, in Marechal Candido Rondon (MCR) and Entre Rios do Oeste (ERO) - Parana, Brazil

. Summer Crop Winter Crop Organic Summer Crop*
Location Genotype
GVv4 Gv4 Gv4

ERC Q2014 1833.73 b - 18291 b
Q1301 1592.14 ¢ 301.62c 111.45c
Q1302 1476.06 d 342.36 b 169.41 b
Q1303 1596.95 ¢ - 165.95 b
Q1304 1553.89 ¢ 202.65e 225.83 a
Q1306 1709.18 ¢ 201.45e 158.52 b
Q1310 1688.30 ¢ 310.35¢ 195.80 a
Q1317 1988.02 a 249.09 d 139.13b
Q1318 1504.09 ¢ 466.34 a 149.05 b
Q1320 1804.33 b 429.79 a 174.70 b
Q1321 1968.61 a - 161.1b
Q1324 1408.38 d 202.56 e 153.07 b
Q1331 1272.62 e 245.56 d 98.35¢c

MCR? Q2014 1957.87 a 164.13 e -
Q1301 1810.73 b 284.85c¢c -
Q1302 1217.65d 161.05e -
Q1303 1691.81 b 266.35¢c -
Q1304 1634.38 b 450.44 a -
Q1306 2027.13 a 227.94 d -
Q1310 1408.13 ¢ 337.95b -
Q1317 1518.40 b 354.74 b -
Q1318 1720.29 b 333.35b -
Q1320 1772.15b 191.18e -
Q1321 1420.53 ¢ 213.13d -
Q1324 1566.94 b 486.98 a -
Q1331 1650.30 b 367.65b -

1 The Organic Crop was in the year 2015;he Summer crop was in the crop year of 2014/2015 and the Winter crop was in the year 2015;
3 The Summer crop was in the crop year of 2014/2015 and the Winter crop was in the year 2013eraetit values followed by the same
letter belong to the same group by fhecher test.
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Thus, because the average behavior of the genotypegieat genotypic adaptabiljitgince they have the highest
winter crops have a yield about one quarter of thaklues of contribution to increase the average of each
obtained in the summer crophis way a selection must experimental condition. Howevexrhen evaluating their
be made for summer cultivation and another for wintegenotypic values, they are allocated in groups ¢ and b for
cultivation, as it is already done in crops of maize, fathe summer crops, in groups a, b and e when cultivated in
example, in Parana state (Zucaethl, 2013). the winter crop and in groups a and b in the organic summer
In the case of organic summer cultivation, it is wortlcrop.
noting that at the end of the crop cycle there was an The HMRPGV*MG value of the genotype Q1318 made
intense attack of stink bu@\ézara viridulg on quinoa it possible to form group a, considered to be of greater
fruits, so that its yield was compromised, a conditioadaptability and genotypic stability by HMRPGV*MG
already verified in other crops (Lourencgétoal, 2010; (Resende, 2007). This genotype belonged to group b when
Silva & Sobrinho, 2017), not being different with quinoacultivated in Marechal Candido Rondon in the summer
Two applications of Neem oil were performed as aand winter crops, as well as when cultivated in the organic
attempt to reduce the number of stink bugs in the aresymmer crop. When the genotype Q1318 was cultivated
but they were not efficient. In the case of conventionah Entre Rios do Oeste in the winter season, it was grouped
cultivation, a stink bug attack was also observed, whidh the group a with the highest genotype values, being in
was controlled with an application of thiamethoxam witlyroup ¢ when the cultivation was carried out in the summer
Lambda-cyhalothrin, not significantly affecting quinoacrop.
yield. The characteristics of the plant, such as height, The HMRPGV*MG value of the genotype Q1304 made
flowering, stand in organic crop, presented similar resulis possible to form group b with de genotype Q1310,
to that observed in the conventional crop. The differen@®nsidered to be high adaptability and genotypic stability
between these crops was during the grains filling, sind®y HMRPGV*MG (Table 4) These genotypes also present
the attack of stink bugs in the organic crop can not begh genotypic adaptability and stabilitiius constitutes
controlled. a genetic materials of quality for cultivation.
The genotypes Q1304 and Q1310 constitute the group Taking the genotypes Q1317 and Q1321 with higher
a with the highest genotypic values in the organic summeenetic values in the summer crop in Entre Rios do
crop in Entre Rios do Oeste, reaching genotypic valuesOfeste, we found that they presented values of
225.83 and 195.80 kg haespectively (able 3). HMRPGV*MG grouped within groups ¢ and d. For the
When we select genotypes only for their predictedenotypes Q1306 and Q2014, with the highest genetic
genotypic values of productivityt does not guarantee values predicted for the summer crop in Marechal Can-
that they show superior performance when cultivatedido Rondon, we verified that their values of
under other conditions (Cret al.(2014)). Due to this, we HMRPGV*MG are grouped in group d. Thus, it is
now precede the analyses of the predicted genotymeident that these genotypes can respond better to
values adaptability and stability the method of the favorable environmental conditions, in the specific case
Harmonic mean of relative performance of genotypiof the summer crop cultivation.
values. The genotype Q1318 was the only one grouped in
The genotypes Q1304, Q1310 and Q1318 formed tigeoups a and b when grown in the winter season in Entre
group with the highest values of HMG{Table 4), Rios do Oeste or in Marechal Candido Rondon. This
indicating that they have a lower variation of the genotypigenotype was also indicated as the one with the greatest
values. These three genotypes have intermediagenotypic adaptability and stabilitthus constitutes a
genotypic values, thus reducing the variation of thegenetic material of quality for cultivation in the winter
behavior It is noteworthy that by this method, the lowercrop.
the standard deviation of the genotypic behavior between In order to point out one or more genotypes for
the sites of the cultivation, the greater the genotypirganic cultivation in the summer crop we must mention
values harmonic mean (Resende, 2007). Therefore, tiee existence of the influence caused by the stink bugs
selection by the highest values of the HMGV implieshat attacked the materials. In general, the plant
simultaneous selection of stabiligr even invariance of development was satisfactogllowing all genotypes
the genotypic values. to behave well in this crop, which was not verified due
The values of RPGV*MG for the genotypes Q13040 the attack of the stink bugs, so the selection itself
and Q1318 evidence that they contribute to the increasarries great weight relative to the attack of these insects.
of the each environment average in greater proportionherefore, the average genotypic value in organic
under the conditions in which they were evaluated. Theseltivation was lower than those observed in other
two genotypes were pointed by this methodology as efkperiments.
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Table 4: Sability of genotypic values (HMGV), adaptability of genotypic values (RPGV*MG), stability and adaptability of
genotypic values (HMRPGV*MG) for the yield trait in thirteen quinoa genotypes evaluated in five environments, in 2014/2015
agricultural year, in Marechal Candido Rondon and Entre Rios do Oeste — Parand, Brazil

Genotypes HMGV RPGV*MG HMRPGV*MG
Q2014 317.056 ¢ 808.505 ¢ 732.610 d
Q1301 294.479 d 767.804 e 748.933 d
Q1302 302.452 d 711.085 f 661.653 e
Q1303 363.716 b 795.338 d 792.915 ¢
Q1304 389.466 a 898.510 a 826.805 b
Q1306 298.724 d 762.017 e 728.604 d
Q1310 397.113 a 856.586 b 844.262 b
Q1317 329.317 ¢ 815.386 ¢ 795.337 ¢
Q1318 381.697 a 904.916 a 870.070 a
Q1320 347.226 ¢ 867.519 b 809.989 c
Q1321 330.315 ¢ 765.182 e 739.101 d
Q1324 336.210 ¢ 824.182 ¢ 758.278 d
Q1331 272.452 e 722.080 f 682.017 e

1 HMGV, RPGV*MG and HMRPGV*MG values followed by the same letter belong to the same grolpcher test.

CONCLUSIONS CostaAF, Leal NR, Ventura JA, Gongalves L®\maral JuniorAT
do & Costa H (2015Adaptability and stability of strawberry

The genotypes Q2014, Q1306, Q1317 and Q1321 aresultivars using a mixed modelcta ScientiarumAgronomy,
the best indicated for cultivation in the summer crop for 37:435-440.

enetic values predicted. with vield genotvpic stabilit Cruz CD (2013) GENES - a software package for analysis in expe-
9 p ! y g yp y rimental statistics and quantitative genetidsta Scientiarum

and adaptability Agronomy, 35:271-276.

The genotypes Q1318, Q1304 e Q1310 are recommendgégg CD, Carneiro PCS & Regazxl (2014) Modelos biométricos

S . . . . aplicados ao melhoramento genético. 32 ¢itosa, Editora
for cultivation because presenting high yield genotypic g, 668p.

Stablllty and adaptab|I|ty Cruz CD,Torres RAA& Vencovsky R (1989An alternative

approach to the stability analysis proposed by Silva and Barreto.
Revista Brasileira de Genética, 12:567-580.
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