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ABSTRACT

The objective of this work was to compare diffeprgnotypic stability methods by using yield amdagje root dry
matter content data of eight cassava genotypessassd in eight environments in northwest of Paiatade, Brazil.
All the methodologies applied showed to be ablsttmly the stability of cassava genotypes, but ewith its

peculiarities. The methodologies of Eskridge, Achmi@rico and Lin and Binns were the most appromthion
situation with smaller effect of G x E interactidrhe AMMI analysis and the Toler and Burrows mettogly were
the most specific on detailing specific adaptatiohsassava genotypes to favorable and unfavorainéronments.
It could be suggested to use simultaneous AMMIyaigband Toler and Burrows methodology. The cléx@ 190-

89 was the most promising.

Key words: Manihot esculentacorrelation, stability, safety first indexes, nibmear regression, AMMI analysis

INTRODUCTION selection for superior genotypes should be
performed taking G x E interaction effect in

Cassava Nlanihot esculentaCrantz) is a rich consideration. A detailed assessment of G x E
source of carbohydrates in the diet of millions ofnteraction magnitude and significance s
people in the developing countries that igmportantto ensure greater precision in the releas
cultivated under different edaphic and climaticof high yielding and stable genotypes.

conditions throughout the world, because of itdn spite of the importance of G x E interaction
efficient carbohydrate production (Kawano, 2003) studies for breeding, these usually do not provide
As a consequence of its diverse croppingletailed information on the performance of
conditions, cassava shows a strong and significaidividual genotypes resulting from environmental
genotype x environment (G x E) interaction effecvariation.  Breeders can use stability analysis
(Fukuda, 1996; Kvitschal et al., 2007), whichmethods to identify cultivars that have predictable
makes selection difficult. The cassava breedingerformance and that respond positively to
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improvements in environmental conditions (Cruzand mean annual rainfall of 1,617 mm (Sagrilo et
and Regazzi, 2001). al., 2008).
Currently, plant breeders have available manyhe treatments consisted of a total of eight cassav
methods for the analyses of genotype vyieldjenotypes: five clones belonging to the 89/IAC
adaptability and stability to help in the difficult generation from the cassava breeding program at
task of identifying superior cultivars in the the “Instituto Agrondmico de Campinas”(IAC) in
presence of significant G x E interactionCampinas, SP, Brazil namely, IAC 48-89, IAC 55-
(Eskridge, 1990). They, however, frequently have39, IAC 153-89, IAC 184-89 and IAC 190-89 and
difficulty in choosing the most suitable method forthree genotypes were the traditional cultivars IAC
use in different situations. Some studies withl2, Fibra and Branca de Santa Catarina, which
detailed descriptions of methods of adaptabilitywvere used as controls. It is important to emphasize
and stability analysis can be used as badbat clone IAC 48-89 has been named as IAC 15.
procedure (Lin et al., 1986; Cubero and FloresThe experimental plots in Maringa measured 4.0 x
1994; Vendruscolo, 1997; Cruz and Regazzi8.0 m, with four rows, 1.0 m spacing between row
2001; Kvitschal, 2003). and 0.8 m between plants. The two external rows
However, the choose of the best methodologgnd the last plant at the end of each central row
depends on some factors, such as the numberwére considered borders, resulting in a useful plot
genotypes and environment availablepf 12.8 nf with 16 plants. In Araruna, the
environmental variation, mathematical model fit toexperimental plots measured 5.0 x 6.4 m, with five
the data set, stability concept adopted and th®ws, 1.0 m spacing between the rows and 0.8 m
facility to apply and interpret the results. Beside between the plants. The same type of border was
some methodologies are alternative while otheralso adopted in these experimental plots, resulting
are complementary, being able to be used jointlin a useful plot area of 14.4%with 18 plants.
(Cruz and Regazzi, 2001). The treatments were arranged in a randomized
Thus, the general objective of this study was teomplete blocks design, with four replications
investigate the degree of association among th®imentel Gomes, 1990). Assessments involved
methodologies of stability analysis currently beingyield (t ha') and storage root dry matter content
used for the crops. (g kgh). The storage root dry matter content was
estimated according to hydrostatic balance method
(Grosmann and Freitas, 1950).
MATERIAL AND METHODS The data were submitted to the joint analysis of
variance to check the presence of significant G x E
The experiments were carried out in two locationgnteraction effect (Cruz and Regazzi, 2001). The
(Maringd and Araruna counties), both located irphenotypic adaptability and stability analyses
the Northwest region of Parana State, Brazil, iproposed by Lin and Binns (1988), Annicchiarico
1996/97, 1997/98, 1998/99, 1999/00 and 2000/011992), Eskridge (1990)olerandBurrows (1998)
growing seasons. Each individual combination obnd AMMI analysis (Zobel et al., 1988) were used.
the location and assessment year was consideréde method proposed by Lin and Binns (1988)
as an environment. In the first two growingwas based on non-parametric methods and
seasons (1996/97 and 1997/98), the experimentsesented no-limitations reported on linear
were set up only in Maringd, while in theregression. This method has been able to find one
subsequent growing seasons (1998/99, 1999/06¢r more cultivars with high yielding and stability
2000/01) the experiments also included Ararundn a large group of environments. The stability is
Therefore, assessments were carried out in a toeNaluated byP; estimative, which is calculated by
of eight different environments. the following equation:
The soils of both the locations have been claskifie o, o,
as distrophic Red latosoil (Embrapa, 1999; Sagrilo p :Ka(ya.—/‘//) JJ{Z’&:(VJ -V, -M,+M) H
et al., 2003). The climate of Maringa is Cw’h type, 2a = 2a
(according to Kdppen'’ classification), with a mean
annual temperature of 22.4°C and mean annugl
rainfall of 1,639 mm, while that of Araruna is Cfb -
type, with a mean annual temperature of 21.5°%/ =Za:y”/a;
j=1

here:
mean of i" genotype in all environments:
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M : mean of the highest yielding genotypen all  the original model of Kataoka (1963) by the
environments:A7 =§a)/|7] Ja; Shu_kla (1972) variance, by the \(ariance among the
_ = o ., environments or by the linear regression
M : mean of the highest yielding’ genotype in/"  components, according to each parameter. This
environment; author set parameters descriptive of each Lin.et al
a: number of environments. (1986) stability concepTl.he estimated models are,

Genotypes which presented higtervalues and therefore EV, FW, SHandER The components of

smaller contribution to G x E interactiopeGxg) ~ varnance included in each model are:
had been considered the most stable (Lin arnvironmental variances() in EV; the Finlay and

Binns, 1988). Wilkinson (1963) regression coefficier{@, ) in

In spite of Annicchiarico (1992) method, it is FW: the Shukla (1972) variancer() in SH; and
based on analysis of variance, which estimate e Finlav and Wilkinson 19|63 reqression
reliable index. This index indicates the chance o o y . ) ( ) 9

some cultivar to present phenotypic performancgOefficient (8.) with the Eberhart and Russel
not lower than some standard preliminary chose(l966) residual mean square of the regress&in (

(Nunes et al., 1999). The reliable indéx%)) can in ER Each parameter is estimated by the follow
be estimated by the following expression: expressions:

=Y 2y S EV = Z._Z(l—a) (ASZ)}/Z

Xi

Where: o o v 22\ 1/
Iv:reeﬁ;ble index of genotypie(%); FW=Y. = 2w [('B“ 1) (Sv)(l %1)]

1-a)

Y, : general mean of genotypé%); SH=VY -Z,, o’ +5i2]y2
Z.._. . percentile of the normal distribution; _ A 2 [a ~\%
(1-a) _ 2 2
ER=Y -2, [((ﬂh _1) (Sy)(l_%))-" (Sdi )] ’
S :standard deviation of percentage values;
Where:

a : fixed significant level.
g = number of genotypes;

Thus, the genotypes which present highealues a= number of environments;
are considered as the most stable. Genotypes with . o\

(%) values higher that 100%, theoretically, neverS: = JZ;(YJ -Y) /(a‘l)?
will present phenotypic means lower than general, ., _ \,

mean, being considered as the most stable. s, =x(v,-v.) /(a‘l)?
The method proposed by Eskridge (1990) is..

relatively unknown and unused. This method isﬁe:[MS(E)_MS(GXE)]/g
(Y] -7)2/(61-1)} = g§);

based on safety first compongnéd originated Mms(E)= 9[2
from the model of safety first proposed by =t

Kataoka (1963). This model was used by the ii(%-_--V-W)
economists in high-risk financial operations thaR/IS(GxE): A
required fixation of a minimum limit of financial (g-1)(a-2)
response in the operations. From this model for the ( _ ,)2 iZ( _ ,)2
agricultural experiments, the following expressiona_z_ ;K_K_)'/j+x _== NNy .
can be obtained: 9T 2@ (9-2)(g-1)(@-1)
a2 1 2 -\ SR S o)

— = y,-Y ) - y,.-Y)|

)/i. _Z(l—a) (VI )}/2 di (a_z) |:JZ:1( ij m) (:BI\) ;( i )i|
Where: Thus, the most stable genotypes, according to the
Y. : mean of the genotypien the environmerit stability concepts of Lin et al. (1986), are those

that show the highest estimates for the respective
stability parameters proposed by Eskridge (1990),
that is, the highest minimum safety limit. Means of
Therefore, Eskridge (1990) created differentield lower than this minimum safety limit should
stability parameters substituting the variance frononly occur ina probability of predetermined error.

V., : some stability measure of the genotype
Z1.ny- percentile (15) of the normal distribution.
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Another method that has been used more recentlyy interactive process of least-square (non-linear)
and also compared in the present study, is theccording to method of Gauss-Newton modified
method by Toler and Burrows (1998). This(Gallant, 1987). Thus, in the Toler and Burrows
method is based on non-linear regression analysjt998) methodology, the parameter that reflect the
and has been developed from the non-linear unénvironmental quality ﬁj) do not present

segmented model proposed by Digby (1979) an

expressed as: gependent relationship with the phenotypic means

of the genotypic group, as for the methodologies

Y, =4, + L +e, based on linear regression.
Furthermore, this methodology permits the choice
Where: of the model that best explains the phenotypic
Y,: mean performance df' genotype in thg"  performance of the genotypes, whether uni or bi-
environment; segmented. Rejection of the hypothesis
a,: mean performance of genotype H( B, =B, ) implies the choice of the bi-segmented

B : sensitivity coefficient of response for themodel, while the acceptance of the hypothesis
genotype: implies the choice of the uni-segmented model

71 i environmental effect; (Digby, 1979). Toler anq_Bu_rrOV\_/s (_1998_) also
rand i the ob . ¢ proposed genotype classification in five different
€ - random error in the observationy groups, according to the following criteria:

The model by Digby (1979) was an interestingGroup Criterion
proposal for stability studies based on non-linear . 5 _ 7 s o
regression analysis. However, this method was Reject H([f” [i’u),co.nS|der|Angﬂ1i<1<[AS’2i,
shown to be unable to assess the genotyp®  AcceptH(B,=5,), reject H({5 = 1), but 5> 1;
response in favorable and unfavorable c  Accept H(B, =, ), accept HB = 1)
environments simultaneously. Thus, Toler and P . - L
Burrows (1998) developed this method which used Ac?ept H(A'Bﬂ _Fl‘ ) re]e‘_:t H(‘B _Al)’ but@ <L
bi-segmented and non-linear regression analysi& RejectH B, = B, ), considering, > 1> 3, ;
on the parameters for study of phenotypic stability.r

The general model is presented below: his classification of the genotypes in the groups

described can be as follows:

Y, =0, +[Z,B, +(1-Z,)B, 1 I1, +¢, A: convex and doubly desirable response;,
B: simple linear response, desirable in high gualit
Where: environments;

" mean performance of genotyde in the C: simple linear response, not deviating from the
: mean response is the environments;

environment; D: simple linear response, desirable in poor qualit
a,: parameter that reflect the value of performance gnvironments:

of the genotypé& on the intercept wittﬁlj =0; E: concave response and doubly undesirable.

? .

B, and B, : parameters that reflect the sensibilityOn the other hand, the AMMI analysis joins

respectively: interaction. That is, it unites the analysis of

variance to principal component analysis or

.. parameter that reflect the quality of e .
e P a y partitioning of singular values.

environmeny; _ AMMI analysis aims to recover th8S,g due to
&, mean experimental error (residue); the treatments (standard) while disregarding
Z =1if i <0; spurious  variation (noises) (Duarte and
z,=0if i1 >0. Vencovsky, 1999). The standard is tR&oxe

o . portion due to the genotype and environmental
The parameteré}i, ﬂli’ B and H; are estimated €ffects, while noise is th&%,g) due to error. A
model that selectively recovers the standard
variation and disregards noise (to residue) in a
response prediction can result in greater precision
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than the untreated data (Gauch, 1988). The AMMtorrelation) among the stability and adaptability
analysis partitions th&Ss,g) into a set of AMMI  parameters estimated for each method, which
models that individually aggregate the portions ofvere: meang,, 3,, B,, B.EV, FW, SH ERand

this SSsxg) It is important to s_elect the model thatAi(%)_ The statistical analyses were performed by
aggregates the greatest portion of the standard agfls Genes (Cruz, 2001), SAS (SAS Institute, 1997)

at the same time, the smallest portion of noisgny Estatistica (Ferreira and Zambalde, 1997)
possible. Thus, AMMI analysis does not aim Ogiatistic  softwares. The Excel software from

recover all theSSs.e), but only the portion due 0 \jicrosoff® Office was used to estimate the

the G x E interaction effect, while disregardingnarameters of the method of Eskridge (1990).
spurious  variation (noises) (Duarte and

Vencovsky, 1999).
The general model can be presented as follows: RESULTS AND DISCUSSION
SSGXE) = (SSGXE)[STANDARE})-'- (SSGXE)[NOISE]) L . . .
" o The joint analysis showed significant G x E

SS.q =Z/‘§ =(Z 2,15]4{22/15] interaction effect for both the yield and storage
= = K= root dry matter content (data not shown),
justifying the application of stability analyses fo

V\iher(ﬁ: _ both the traits evaluated. Tables 1 and 2 show the
A;: K" autovalue of matrixes (GXE)(GXE)' and adaptability and stability estimates for the yield
(GXE)' (GXE); and storage root dry matter content traits,

n: number of PCA axis needed by AMMhodel respectively.

to describe the highest proportion of standard int€oncerning the methodology proposed by Toler
SSexey disregarding the noises simultaneity; and Burrows (1998), results in Table 1 showed
p: total number of PCA axis needed by AMMI that only the IAC 15 cultivar and the IAC 153-89

model to describe th&Sexe) fully (standard + clone presented thgg, estimates different from

noises). B, , thus implying the choice of the bi-segmented

From the means predicted by the respectiveodel. The IAC 153-89 clone showed the worst
members of the famlly of AMMI models Chosen, itphenotypic response pattern in all the genotype
is possible to partition the proportion of sets assessed, because it presented a concave and
contribution of each genotype to &S of the doubly undesirable response pattern. This meant
respective model chosen. The estimate of thigat the IAC 153-89 cultivar tended not to respond
contribution can be given from th& parameter, fayorably to improvements in the environmental

which can be calculated as follows: quality. However, the IAC 15 cultivar showed a
A :i(GxE )2 convex and doubly desirable phenotypic response

= AMMIn L pattern. That is, as the environmental quality
Where increased, this genotype tended to show more

A : predicted interaction of the genotypselected Satisfactory results. However, cassava is a rustic
by AMMI analysis; crop that does not present, for example,

.o ; o satisfactory responses to high levels of
(GXEAMM'" )"' + Interaction  of - genotypel i fertilization. Therefore, the IAC 15 -cultivar
environmenf predicted by AMMJ| model; perhaps should not be considered as the most
Y,: mean of the genotypein the environment  promising genotype. The phenotypic expression of
predicted by AMM} model; all the other genotypes assessed was explained by
Y, : mean of the genotypein the environmenj & concave model (Digby, 1979), and were placed
predicted by AMM}model: in groups B, C and D (Table 1). That is, all these

genotypes showed a simple response pattern for
_ the storage root yield characteristic. The Fibra
predicted by AMM} model; cultivar was the only genotype placed in group B,
Y : general mean predictég the AMMI, model. showing therefore that it was adapted to high

The association among the applied methods w&kiality environments £ > 1). The IAC 12 and
verified by simple correlation analysis (Pearson'®ranca de Santa Catarina cultivars were shown to

Y, : mean of the genotypein the environmenj
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be more adapted to unfavorable environmentthat these clones presented greater yield
(group D: g < 1) or poor quality environments predictability that gave them agronomic merit

(Table 1). In this case, the indication should b&dual to the IAC 15 cultivar, which showed a
restricted only to the producers with low, or nodoubly favorable response pattern (Table 1). This
investment for crop management improvementVas true, beca_use the climatic condl_tlons of the
However, as these cultivars are destined to suppfgricultural environments were unpredictable.
cassava for industrial sector in the northwester" the other hand, greater importance should be
region of Parana state, because most of tHven to the IAC 190-89 clone, because it has
producers that supply this segment have bettéedictable phenotypic performance and, at the
technological conditions, the IAC 12 and Branca@me time, surpassed the storage root yield means
de Santa Catarina cultivars have no meriff the IAC 55-89 and IAC 184-89 clones and the
compared to the other genotypes assessed in tHC 15 cultivar (Table 1).

present study. In this context, the Fibra cultivaRRegarding the storage root dry matter contents
would be a good option to indicate for cropping infrait, it was observed that only the phenotypic
this region, if it was not for its high susceptityil "eSponse pattern of the IAC 15 cultivar was
to bacteriosis (Vidigal et al., 2000; Kvitschaladt ~ explained by the bi-segmented modé, ¢ 5, ),
2007). The IAC 55-89, IAC 184-89 and IAC 190-as reported by Toler and Burrows (1998). This
89 clones showed wide adaptation € 1,0), that cultivar showed a convex and doubly desirable
is, they tended not to present very discrepantlyielresponse pattern (Table 2). That is, as the
means in function of the variations in theenvironmental quality increased, this cultivar
environmental quality (Table 1). This indicatedpresented greater storage root dry matter content.

Table 1 — Resume of stability and adaptability analysis $torage root yield (t F3 of cassava genotypes,
according to Toler and Burrows, Eskridge, AMMI aysa, Lin and Binns and Annicchiarico methodologies

Lin and
Genotype Mean Binns

& B,-B. B, B, B Grou EV® FW® SHY® ERY A@®%)® PO %GXEY I (%)Y

Annich.

IAC 12 2138 2138 -002 - - 02r* D 1768y, 17.055 1270n 15737 27.78 33.30% 28.885 89.32
Fibra 2646 2646 100 - - 162* B 16127 23.184 18.295 21255 24.87; 3.724 6.18; 109.44p
g;’a‘fiia&a 1889 18.89 -0.0T - - 049* D  13.647 16225 10.845 13.735 20.85 52.45¢ 24.08; 78.554
IAC 15 2273 21.00 127* 0328 159 - A 16255 21875 15505 185ls 7.8k 20.625 1514 95.08
IAC55-89  20.40 2040 0.2¥ - - 121 C 12545 19.3lg 13.69s 17.05¢ 3.8%; 33587 4.955 84.28;
IAC153-89 26.77 28.88 -155* 209" 0.54° - E 17245 2413y 19254 22.37q 1237 3.91p 8.654 110.49y
IAC184-89 24.24 2424 -02¥ - - 111 C 16974 23.723 17.684 21104 173, 10.304 5.42¢ 101.79
IAC190-89 2533 2533 -0.7F - - 107 C 1819y 2499y 18.74p 2212y 0.7Qy 6.74g 22.79¢ 106.51g

* and ** Significant at 5% and 1% of probabilitygspectively, byt test for H(g, = g, ); * and ™ Significant at 5% and 1% of
probability, respectively, bytest for H(5, = 1);** Significant at 1% of probability bytest for H(3 = 1); ™ Not significant;

@ The values inside the parenthesis indicate thkimgrof stability in decreasing ordeEV = safety-first index with variance
across environments as stability paramdtgy;= safety-first index with Finlay and Wilkinson’sgression coefficient as stability
parameterSH = safety-first index with Shukla’s variance asbiitty parameter; an&ER = safety-first index with Finlay and

Wilkinson's regression coefficient and Eberhard &ussel’s deviation of linear regression mean sgaaurstability parameters.
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Table 2 — Resume of stability and adaptability analysis $torage root dry matter content (gkgpf cassava
genotypes, according to Toler and Burrows, Eskridg®MI analysis, Lin and Binns and Annicchiarico
methodologies.

........... Toler and Burrows ............. vevieren.... ESkridge .................. AMMI Linand Binns Annich.

Genotype  Mean S _ _
a B-Bi B By B Group EVO  Fw®  SsHY  ER® A% PO %GxED 1i(%)®

IAC 12 37161 371.61 -052° - - 087 C 34619, 369.7§, 343.6k 35257 30.56s 22.37% 423, 102.6%
Fibra 353.16 353.16 0.77° - - 108 C  3201% 35242 329.9% 3409k, 12.095 29524 12.265 97.77
gﬁgﬁ?}fta 356.26 356.26 -0.53° - - 122 C  327.3%, 352.64s 329.3%, 338.8Q; 26.3%,; 290.0% 30.56s 98.37%
IAC 15 346.72  340.681.30% 0.13™ 1.43° - A 32808 3421Qs 323.34s 33453 12.98, 47417 1618  96.0Qs
IAC55-89 357.39 357.330.66° - - 078 C 340.67y 352565 33573 348.43, 4.9, 199.7%; 957,  99.12
IAC 153-89 352.40 352.400.33° - - 136* B 324.06, 345.6%, 330.1% 342.5% 5.96, 333.0% 18.4%, 97.6Q;
IAC 184-89 364.94 364.940.03° - - 088 C 3452% 36309 343.97, 357.1%, 3.29, 7357 4.6 101.2%
IAC190-89 371.46 371.46 -0.72° - - 111°  C  347.93, 369.3%, 350.66, 364.06, 3.87 22.6Q, 4.1Q; 103.08,

** Significant at 1% of probability byt test for H(B, = 5, ); *" Significant at 1% of probability by test for H(5, = 1), **
Significant at 1% of probability bytest for H(3 = 1);" Not significant;

@ The values inside the parenthesis indicate thkimgrof stability in decreasing ordeEV = safety-first index with variance
across environments as stability paramd¥@v,= safety-first index with Finlay and Wilkinson’egression coefficient as stability
parameterSH = safety-first index with Shukla’s variance asbiltty parameter; an&ER = safety-first index with Finlay and

Wilkinson’s regression coefficient and Eberhard &ussel’s deviation of linear regression mean sgasurstability parameters.

The other genotypes in the genotype sets assesggttording to AMMI analysis, it would be
a showed simple response pattern, implying thanportant to emphasize that results found were
choice of the uni-segmented model by Digbypartially different when comparing the yield and
(1979). Of these, only the IAC 153-89 clonestorage root dry matter content (Table 3). Seven
showed specific adaptation to high qualityPCA axis were needed to explain the total G x E
environments (group B) for the storage root drynteraction for both the traits. Besides, for the
matter content trait (Table 2), while the otherstorage root yield, only the first PCA axis was
genotypes showed wide adaptability (groupC: significant and this one could explain only about
= 1,0). Thus, these genotypes tended to presepe-0% of total G x E interaction effect, while tare
little variation in the storage root dry matterPCA axes were significant for the dry matter
content means whether submitted to favorable ontent, being able to explain 87.5% of total G x E
unfavorable environments, respectively. interaction effect. A goodness of the AMMI model
Regarding the methodology proposed by Eskridght was observed for the storage root dr)é matter
(1990), the genotypes that showed greater stora§entent, which showerf over 82.2%, while” for
root yield stability (types 2 and 3) were the IACthe storage roots yield was about 77.0% (Table 3).
190-89, IAC 153-89 and IAC 55-89 clones and the>ince only the first PCA axis was significant for
Fibra cultivar, because these clones presented tH storage root yield and the third PCA axis was
highest estimates of the safety first indexes @abiSignificant for dry matter content, thé(%)

1). For the storage root dry matter content ttag, ~estimates for both traits were calculated from the
IAC 190-89, IAC 184-89 IAC 55-89 clones andPredicted means of first and third AMMI models
the IAC 12 cultivar showed greater stability in thefOr the yield and storage root dry matter content,
types 2 and 3 (Table 2), according to Lin et all®Spectively.

(1986).
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Table 3- Summary of AMMI analysis for yield and storag@t dry matter content of cassava genotypes.
AMMI model G x E interaction accumulated (%)

storage root yield dry matter content

AMMI 1 54.89" 50.25
AMMI 2 72.49" 70.82
AMMI 3 88.05" 87.50°
AMMI 4 96.44"™ 94.01"™
AMMI 5 98.72" 97.83™
AMMI 6 99.62" 99.99"
AMMI 7 100.00" 100.00™

r? 76.95% 82.20%

C.V. 11.88% 2.13%

“and” Significant at 5% and 1% of probability, respeeljy byt test;™ Not significant.

For the storage root yield trait, the AMMI analysislower P; estimates and, therefore were considered
classified the IAC 190-89, IAC 184-89 and IAC the most stable. Similar results were obtained by
55-89 clones and the IAC 15 cultivar as the mosbcapim et al. (2000) in corn. Rocha (2002)
stable genotypes (Table 1), while for the storagassessing the grain yield and oil content of
root dry matter content the most stable genotypesoybean lines reported no association among the
were IAC 184-89, IAC 190-89, IAC 55-89 and means and stability parametets, Sq, r° and
IAC 153-89, respectively (Table 2). For both thea (%) (« - Wricke, 1965;S%;, r* - Eberhart and
characteristics assessed, the AMMI analysiRussel, 1966;A(%) — AMMI analysis). It
indicated the IAC 12 cultivar as the most unstablejndicated a certain difficulty in simultaneous
Regarding the methodologies proposed by Lin angelection of genotypes with high grain yield and
Binns (1988) and Annicchiarico (1992), both thehigh oil content that also presented good
methodologies presented the same genotygshenotypic stability.

classifying pattern for phenotypic stability, Regarding the methodology by Toler and Burrows
whether for the storage root production or for(1998), no significant correlation was observed

storage root dry matter content. Thus, the Fibrgaiween thed, and 3, parameters that reinforced
cultivar and the IAC 153-89, IAC 184-89 and IAC the hypothesis that these parameters were really

190'.8.9 clones showe_d greater storage root yiel ssociated to the phenotypic response sensitivity

stability (Table 1), while the IAC 12 cultivar and f th t ¢ f bl df bl

the IAC 190-89, IAC 184-89 and IAC 55-g9 O ['© GENOWpPes fo untavorable and favorabie
' environments, respectively.

clones presented greater stability for the storag1eh N L _
root dry matter content (Table 2). e B, parameter showed significant correlation
Further, to endeavor to understand the degree 8fly with theFW, SHandER parameters reported
association among the methodologies used in lay Eskridge (1990). Although thgs, parameter

more detailed manner, correlation analyses wefgresented high correlation estimates with the
applied among the stability parameter estimates @farameter proposed in the Lin and Binns (1998)

each methodology, which for the yield and storagand Annicchiarico (1992) methodologies, they
root dry matter content are shown in Tables 4 anglere not significant (P > 0.05).

SR’ res%gctiver:y. o o 'ghe B, parameter showed significant correlation
egarding the storage root trait, it was observe nly with A(%) of the AMMI analysis, and this

that most of the methodologies applied conS|dere%aS a negative value correlation (Table 4). This

the phenotypic means for selectlon of the mosﬁdlcated that the IAC 15 cultivar, that presented
stable genotypes. This was confirmed by the
L , concave response pattern (Table 1), showed a
significant correlations observed among the :

. : Strong tendency to be more responsive to the
storage root yield means and the estimates of the

respective parameters. Most of those stabilitImprovements in_environmental quality and was

" ) ¥herefore more stable.
parameters were positively correlated with th R -
storage root yield means, except to the paramet%rheﬁi parameter  presented  significant
P, which was negatively correlated. Thus, thecorrelation (P< 0.05) with the parameters
genotypes presenting high mean tended to presesstablished by Eskridge (1990), Lin and Binns
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(1998) and Annicchiarico (1992) thatparameter which might have occurred because
indicated that the genotypes with highgr the EV parameter only considered the

estimates tended to be more stable. Howevefariation among the environments as a
the 3 parameter did not correlate with tRy ~ Mmeasure of stability.

Table 4 - Resume of Pearson’s correlation analysis amdmenqtypic stability and adaptability parameters of
cassava genotypes for storage roots yield j.ha

.......... Toler and Burrows......... ................Eskridge................. Linand Binns Annic. AMMI

Mean @, B, B, B EV FW  SH ER P %GXE (%) A(%)

Mean 1.00 0.96 071 -0.23"™ 074 067 090" 097 095 -098 -041° 1.00 -0.16°
a, 1.00 0.83 -0.38% 074 o061 087 097 091 -090 -041° 0.95 -0.10°
B, 1.00 -0.1® o0.84 018° 071 076 0.77 -0.68° -0.59° 0.69° -0.37°
B,

1.00 0.0 -0.36° 0.12° -0.04° -0.02° 0.07° -0.38° -0.22° -0.71
1.00 0.0® 075 078 078 -074 -083 077 -0.37°

EV 1.00 056 0.61° 0.60° -0.65° 0.27° 0.70° -0.00°
FW 1.00 098 098 -0.95 -0.50° 0.91" -0.58°
SH 1.00 1.00 -0.99° -0.50° 0.97" -0.40°
ER 1.00 -0.98 -0.51™ 0.96° -0.44°
P; 1.00 048 -098 0.31"
%GXE 1.00 -0.35 0.38°
1,(%) 1.00 -0.18

" Significant (P< 0.05) byt test;” Significant (P< 0.01) byt test; ™ Not significant.

For this reason, Eskridge (1990) also emphasizddgher value of safety first indexes, also had &igh
that the EV parameter was not indicated forl;(%) estimates and, therefore, could be considered
stability studies under very contrastingthe most stable genotypes (Table 4).
environmental conditions (Eskridge, 1990). The analysis proposed by Eskridge (1990) was
Generally, it could be emphasized that regardingble to assess G x E interaction in the storage roo
the storage root yield data, the methodology byield stability analysis of cassava genotypes,
Toler and Burrows (1998) was associated to thbecause high correlations were observed among its
other methodologies, although it gave morgarameters and stability parameters of other
detailed study of the G x E interaction andmethodologies applied in this study, which were
genotype adaptability. Toler and Burrows (1998), Lin and Binns (1988)
According to the method proposed by Eskridgeand Annicchiarico (1992).

(1990), it was observed that the parameter8ccording to AMMI analysis for the storage roots
estimates referring to the storage root vyieldield data set, it was observed that o) did
stability were significantly correlated with eachnot show significant correlation with any other
other, except for theEV parameter (Table 4). methods applied, except to the parameger of
Furthermore, th@arametersW, SHandERwere  1q1ar ang Burrows (1998) methodology (Table 4).
negatively correlated with the parameiof Lin - This might have been due to the fact that the
and Binns (1988), suggesting that genotypes withn\| analysis and the non-linear regression gave
higher value of safety first index presented BW 5 1ore refined study of the both the G x E

estimates and, therefore, they were considered thgeraction compared to the other methodologies
most stable genotypes (Table 4). A poOsitivg,seq in the present study. Furthermore, these two
correlation was detected among tharameters  yaihogologies gave a greater visualization of the

FW, SHandERwith the parameteii(%). Besides, scs)ecific adaptations of the genotypes to high
it was observed that the genotypes that showe
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quality environments, a fact that justified theFurthermore, genotype classification in the

correlation observed among thd, and A(%) stability groups, according to Toler and Burrows
parameters. (1998), showed greater variation compared to the

Table 5 shows the correlation estimates among triiorage root dry matter content data. For the
stability parameters referring to the storage rogttorage root yield, the genotypes were distributed
dry matter content. The greatest differencd? @l the five stability groups (A, B, C, D, E),

observed compared to the storage root yield datyhile for the storage ro_ot dry matter content, the
was by the methodology by Toler and BurrowsJ€notypes were placed in only three groups (A, B,

- . C). This variation might have occurred in function
(1998). Thef, and 5, parameters for storage root of the smaller influence of the G x E interaction

yield presented significant correlations with thesffects on the dry matter accumulation in the
stabi.lity parameters' in the r_nethodologies b%torage root and, consequently, a greater
Eskridge (1990), Lin and Binns (1988) andyoportion of genotypes showed a strong tendency
Annicchiarico (1992) but did not show anyi, 4 wide adaptability pattern (group C). Thus, the
correlation with the storage root dry matteryaia set for the storage root yield was shown to be
contents data. more suitable when comparing the Toler and
The g, parameter that had presented significanBurrows (1998) methodology with the others.

correlation only with theAj(%) parameter for the On the other hands, although the AMMI analysis
storage root yield, presented significant corretati has been reported as a really powerful tool on G x
for the storage root dry matter content withE\é  E interaction studies (Duarte and Vencovsky,
P, and I;(%) parameters established by Eskridgel992), some authors (Gauch and Zobel, 1988;
(1990), Lin and Binns (1988) and AnnicchiaricoYau, 1995) have reported that it also has its

(1992), respectively (Table 5). Although thie ~ limitations. While for the storage root yield, only

parameter did not present significait/, SHand the PCA axis was added to the AMMI model
ER parameters, these correlations were negatigfg'osen’ for the storage root dry matter content,

and high. That is, genotypes that presented hi ree PCA axes were added to the respective
J genolyp P MMI model (Table 3). With this, the AMMI

P estimates should pre§ent &V, FW, SH, ER analysis consumed many degrees of freedom and
and Ii(%) values, and highP; values and were hat might have aggregated a very high quantity of
therefore, unstable for the storage root dry mattg{yise to theSSexe, that was not interesting. It
content. _ would be important to state that Duarte and
This showed the greater capacity of t_he Toler anqenkovsky (1992) emphasized that the objective
Burrows (1998) methodology to detail the effectsyf the AMMI analysis was to recover only the part
of the G x E interaction on the phenotypiCsf the G x E interaction that was due to the main
expression, while the other methodologies did nQiffects (genotypes and environments) relegating at
give these interpretations. _ the same time, thBSxg) part that was due to error
However, since the Digby (1979) uni-segmenteqnoise). Therefore, a reasonable explanation for
model was chosen for most of the genotypes, thge apsence of significant correlation among

B, parameter might not have represented the trysatween B, and A(%) for the storage root dry
dimension of the effect that the G x E interactionnatier content could be related to the high

exercised on the storage root dry matteproportion of noise aggregated to the AMMI3
accumulation in the storage root of thesgngdel. Borges et al. (2000), by using AMMI
genotypes. _ _analysis on studying of G x E interaction in
The explanation for the differences observed in theommon bean cultivars, reported three significant
correlation  estimates among the  stabilitypca axes, which represented nearly 63% of the
parameters for the yield and storage root drypta| S5s.e, These authors reported that AMMI
matter content could be related to theynalysis was not efficient in the study of the & x
differentiated phenotypic response pattern of botfhteraction because the model did not fit well to
the characteristics. Storage root yield showed a bje respective data set. The authors reported that
segmented response (Table 1) for two genotypggy this data set, the methods proposed by Lin and
(IAC 15 and IAC 153-89) while for storage rootginns (1988) and Annicchiarico (1992) were more

dry matter contents only one genotype presentefficient for studying the phenotypic stability in
its this bi-segmented pattern (Table

Braz. Arch. Biol. Technol. v.52 n.1: pp. 163-178nFeb2009



Comparison of Methods for Phenotypic Stability Arséd of CassavaManihot esculent&rantz) 173

common bean cultivars assessed. However, whém cassava clones and cultivars, as long as the
possible to capture a great pattern of G x Bpeculiarities of each one were respected.
interaction, the AMMI analysis allowed an easyThus, it could be inferred that the methodology by
interpretation of the results by using biplot greph Eskridge (1990) could also be used as a tool in the
Thus, the plant breeders could easily select thenalysis of phenotypic stability of cassava
specifically adapted genotypes to specifiqgenotypes, although this methodology was more
environments from a biplot graph, which could bendicated for situations similar to those approjgria
more difficult by using other methodologies. for the use of the methodologies by Eskridge
Regarding the correlation among the stability(1990), Lin and Binns (1988) and Annicchiarico
parameters proposed by Eskridge (1990), Lin anfll992). This was justified by the fact that the
Binns (1988) and Annicchiarico (1992) for theparameters estimated by these methodologies
storage root dry matter content, it was observeshowed satisfactory correlation levels among each
that the correlation patterns were very similar tather and also with the storage root dry matter
those observed for the storage root yield, i.@s¢h content data (Table 5). These methodologies were
methodologies presented a high degree dlso satisfactory options when a good fit of the
association. nonlinear regression model (Toler and Burrows,
It was shown that all the methodologies applied998) could not be obtained or the multiplication
were suitable for studying the phenotypic stabilityanalysis (AMMI) could not be applied to the data
set.

Table 5 - Resume of Pearson’s correlation analysis among qtyeic stability and adaptability parameters of
cassava genotypes for storage root dry matter ob(tekg’).

.......... Toler and Burrows ......... ..............Eskridge................. Linand Binns Annic. AMMI

Mean @, B, B, B EV FW  SH ER R %GXE (%) A(%)

Mean 1.00 09§ 057° -071 -0.08° 0.89° 099" 096 090 -0.98 -0.68° 1.00° 0.12°
a, 1.00 0.66° -0.71 0.08° 085 097 095 089 -099° -0.60° 0.98° -0.10°
B, 1.00 -0.4% 059° 0.27° 0.50° 0.52° 049° -0.56° 0.10° 0.58° 0.11°
B, 1.00 04% -080 -0.68° -0.67° -0.63° 074 045° -0.71 -0.12°
B 1.00 -0.4% -0.08° -0.06° 0.06° 0.08° 0.49° -0.06" 0.01°
EV 1.00 085 0977 090 -091" -0.83 0.9 -0.11°
FW 1.00 094 o088 -097 -067° 0.98 o0.14°
SH 1.00 095 -097 -0.75 0.98 -0.17°
ER 1.00 -093 -077 0.93 -0.32°
P, 1.00 0.7 -0.98" -0.01
%GXE 1.00 -0.6% 0.34°
/(%) 1.00 0.0%

" Significant (P< 0.05) byt test;” Significant (P< 0.01) byt test;"™ Not significant.

Furthermore, in situations where the breedemethodology proposed by Eskridge (1990) allows
wished only to make a prior and less detailedhe researcher to choose the parameters that best
analysis of the genotype set available, or when theatisfy the type of stability he wants to consiiter

trait in question was not so affected by the G x Ehe genotype selection, as reported by Lin et al.
interaction as the storage root yield, methodogie(1986).

such as those by Eskridge (1990), Lin and Binn$he Toler and Burrows (1998) analysis, based on
(1988) and Annicchiarico (1992) could also bethe nonlinear regression, was shown to be more
viable options. This is because they are morefficient in studying the G x E interaction and
practical for the application of statistical anédys stability in cassava genotypes, because this
and for results interpretation. Furthermore, thenethodology gave more details regarding the
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