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ABSTRACT. In order to recommend the best strains of snap beans
from the Universidade Estadual do Norte Fluminense (UENF)
breeding program, different methods of analysis of phenotypic stability
were adopted to evaluate the performance of 14 lines (F, and F)) of
indeterminate growth habit, which were compared with 3 controls,
namely, 2 commercial varieties (Feltrin and Top Seed Blue Line) and 1
parent (UENF-1445). The experiments were conducted in Bom Jesus do
Itabapoana in 2010 and 2011, and in Cambuci in 2011. The experiment
was arranged in a randomized block design with 4 replications. To
complement the information obtained by different methods, the UENF
7-5-1 strain was indicated for favorable environments (Bom Jesus
do Itabapoana; 2010 and 2011), UENF 7-10-1, UENF 7-14-1, and
UENF 7-20-1 strains were indicated for an unfavorable environment
(Cambuci), and UENF 7-12-1 was indicated for both.
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INTRODUCTION

Agriculture in Northwestern Rio de Janeiro is primarily based on sugar cane and cof-
fee crops (Souza et al., 2009). Instituto Brasileiro de Geografia e Estatistica (IBGE, 2010) data
show that these crops covered 60% of the cropland in this region in 2010, while rice, beans
and maize crops covered 33%. Therefore, 5 crops alone covered 93% of the planted area in
the Northwestern Rio de Janeiro in 2010. Thus, the agricultural sector in this region is very
fragile and has little flexibility, which has contributed to its decline and the subsequent exodus
of the rural population.

In this scenario, new alternatives for the diversification of crops are necessary to im-
prove the socioeconomic conditions of people in this sector. These alternatives include horti-
culture, which is considered to be an excellent choice. Snap beans are among the crops with
significant economic value; this crop is little known in Northwestern Rio de Janeiro and is
commonly cultivated in the mountainous region of the state. Its culture can provide additional
income for rural individuals and allows producers to control the production of the seeds they
require.

Therefore, since 2004, the Universidade Estadual do Norte Fluminense Darcy Ri-
beiro (UENF) has maintained a breeding program using snap beans with indeterminate growth
habit, aiming to select high yielding genotypes with commercial quality for Northern and
Northwestern Rio de Janeiro.

For the commercial selection of superior genotypes, it is necessary to consider the
joint action of genotypes and environments and the interaction between genotype and envi-
ronment (Allard, 1971; Fehr, 1987; Falconer and Mackay, 1996). Genotype x environment
interaction (GE) can make it difficult to identify the best individuals, since in instances of
complex interactions, certain genotypes may be superior in a certain environment, but not in
others (Cruz and Regazzi, 2001).

Thus, GE interaction causes deviations in phenotypic stability, whose estimate can be
achieved by various techniques (Farias et al., 1997; Borges et al., 2000; Mauro et al., 2000;
Prado et al., 2001; Rosse et al., 2002; Murakami et al., 2004; Backes et al., 2005; Silva and
Duarte, 2006; Cargnelutti Filho et al., 2007; Scapim et al., 2010; Vilela et al., 2011) that can
be used separately or in combination.

The indication of genotypes for particular environments is an unambiguous, important
action for applied breeding and that different techniques for estimating stability may provide
different recommendations for producers. Therefore, the present study was developed to eval-
uate the yield stability of 14 strains of snap beans from the UENF breeding program, based on
different methods of phenotypic stability, to ensure reliable recommendation of new cultivars
for Northwestern Rio de Janeiro.

MATERIAL AND METHODS

We evaluated 14 strains (F, and F ) of snap bean pods with indeterminate growth habit
and 3 controls, consisting of 2 commercial varieties (Feltrin and Top Seed Blue Line) and 1
parent (UENF-1445). The experiments were conducted in 2010 (Bom Jesus do Itabapoana)
and 2011 (in the cities of Bom Jesus do Itabapoana and Cambuci), totaling 3 environments that
represent Northwestern Rio de Janeiro.
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The experiment was arranged in a randomized block design, with 4 replications.
The experimental plot consisted of 10 plants, spaced 1.0 x 0.5 m apart and the analyses were
performed based on the 8 central plants in the row. The 2 plants at the ends of the row were
maintained for seed production.

Individual variance analyses were carried out and were followed by a joint variance
analysis, according to the statistical model proposed by Hallauer and Miranda Filho (1986).
The sources of variation were considered random, with the exception of the genotypes.

The methods of Yates and Cochran (1938), Plaisted and Peterson (1959), Kang and
Phan (1991), Lin and Binns (1988), and those modified by Carneiro (1998) were used to
estimate the stability parameters for pod yield (PY).

To verify the agreements and/or disagreements among estimates of the stability pa-
rameters, we utilized the Spearman rank correlation coefficient (p) given by the expression

n
6y o
=

n(n®>~1)

p=1- 5
in which p is the Spearman correlation coefficient, d, is the difference between the orders and
n is the number of pairs of orders.

The analyses and estimates of the parameters were performed using the GENES soft-
ware system (Cruz, 2006) and the Microsoft Office Excel 2010 application (Microsoft, Red-
mond, WA, USA).

RESULTS AND DISCUSSION

Variability was observed among the strains, as there was a significant difference for
the genotype source of variation (P < 0.01). There was also a significant effect for environ-
ments (P < 0.05) and GE interaction (P < 0.05), which explains the detailed study on pheno-
typic stability of genotypes (Table 1).

Table 1. Joint analysis of variance and significance of mean squares for pod yield (PY), averages, experimental
variation coefficients (CVe), and relationship between the maximum and minimum residual mean square
between the environments (QMr/QMr") of three groups of experiments with snap beans.

CvV d.f. Average square
PY
Block/Environment 9 182.87
Genotypes (G) 16 126.50%**
Environment (E) 2 1432.82%
GxE 32 43.49%
Residue 144 27.24
Average 33.13
CVe (%) 15.76
QMr'/QMr 1.58
Superior limit 38.69
Inferior limit 27.36
Controls
Top seed blue line 32.16
Feltrin 32.14
UENF-1445 34.72

CV = coefficients of variations; d.f. = degrees of freedom. *P <0.01. **P < 0.05.
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The experimental coefficient of variation (CVe) was 15.76%, which is below the ac-
ceptable limit set by the Ministry of Agriculture, Livestock and Supply for the performance of
tests to determine the value for cultivation and use for bean plants, which determines the CVe
maximum value of 25% (Brasil, 2012). This indicates adequate accuracy in the performance
of our experiments (Table 1).

The overall joint average for PY was 33.13 t/ha, an estimate higher than that of
the commercial controls from the Feltrin (32.14 t/ha) and Top Seed Blue Line (32.16 t/ha).
Considering that the average yield of beans in the State of Rio de Janeiro, according to the
Empresa de Assisténcia Técnica e Extensdo Rural (EMATER - RJ; Technical Assistance and
Rural Extension Company) is 22.5 t/ha, the productive potential of the genotypes tested was
highly significant. The highest limit for PY (38.69 t/ha) was obtained in the UENF 7-10-1
strain, and the lowest was obtained in the UENF 14-6-3 strain (Table 1).

The Spearman coefficient (p) demonstrated that the methods of Yates and Cochran
(1938) and of Plaisted and Peterson (1959) showed no significant correlation with the PY.
The others provided a positive and significant (P < 0.01) correlation with PY. The methods of
Lin and Binns (1988) and the modification made by Carneiro (1998) resulted in the best cor-
relations with PY, showing correlations of 0.98, 0.94 and 0.88 for general stability index (P1i),
favorable Pi and unfavorable Pi, respectively. The weighting method of Kang and Phan (1991)
also proved to be effective in relating the estimates of stability with PY (Table 2).

The methods of Yates and Cochran (1938) and of Plaisted and Peterson (1959) showed
no significant correlation with any method, although significant correlations were obtained
after their weightings were performed according to the method of Kang and Phan (1991).
Moreover, after weighting, these methods began to show significant positive correlations with
the methods of Lin and Binns (1988) and the modification proposed by Carneiro (1998). The
traditional weighted method (1938) presented higher weighted correlation (p = 0.8652) with
the unfavorable Pi, while the method of Plaisted and Peterson (1959) presented higher cor-
relation (p = 0.7059) with favorable Pi. This finding highlights the importance of the method
of Kang and Phan (1991) to generate refined data on the methods of phenotypic stability based
on the analysis of variance (ANOVA).

Table 3 shows that complementary information for the Plaisted and Peterson (1959)
method can be achieved by the Lin and Binns (1988) method, as the former method estimated
the UENF 7-10-1 strain to be the most unstable, while the latter method described this strain to
be the most stable, with genetic percentage for interaction of only 36.72%. Complementation
of results was also observed between the Yates and Cochran (1938) method and unfavorable
Pi. The first indicated, in the first 4 positions, the UENF 7-10-9, UENF 7-3-1, UENF 7-14-1,
and UENF 7-20-1 strains as the most stable and, the second method the UENF 7-10-1, UENF
7-14-1 and UENF 7-20-1 strains were indicated in the 3 first positions. Therefore, it is possible
to conclude that, in the present study, the Yates and Cochran method (1938) achieved higher
association, with indication for unfavorable environments. A similar conclusion was previ-
ously described by Cargnelutti Filho et al. (2007).

The method of Yates and Cochran (1938) indicated that the UENF 7-10-1 strain is
the most stable. It presented the highest PY average, considering the 3 environments (38.69 t/
ha), in opposition to the situations typically encountered in the literature when the traditional
method is used, in which the genotypes with regular behavior among the environments are
generally less productive (Cruz and Regazzi, 2001). This can be corrected, as shown in the
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Table 3. Ordering of the 17 genotypes of bean-pod according to different methods of analysis of phenotypic
stability.

Ranking Y&C P&P K&P/Y&C K&P/P&P L&B P, P,
Ist UENF 7-10-1 UENF 9-24-12  UENF 7-10-1 UENF 7-12-1 UENF 7-10-1 UENF 7-6-1 UENF 7-10-1
2nd UENF 7-3-1 UENF 7-12-1 UENF 7-20-1 UENF 7-5-1 UENF 7-6-1 UENF 7-5-1 UENF 7-14-1
3rd UENF 7-14-1 UENF 7-4-1 UENF 7-14-1 UENF 7-20-1 UENF 7-5-1 UENF 14-3-3 UENF 7-20-1
4th UENF 7-20-1 UENF 14-6-3 UENF 7-12-1 UENF 9-24-12  UENF 7-20-1 UENF 7-12-1 UENF 7-12-1
Sth UENF 15-23-4  UENF 7-5-1 UENF 7-3-1 UENF 14-3-3 UENF 7-12-1 UENF 7-20-1 UENF 7-5-1
6th UENF 9-24-12  UENF 7-20-1 UENF 7-5-1 UENF 7-6-1 UENF 7-14-1 UENF 7-10-1 UENF 7-6-1
7th Top seed UENF 7-3-1 Top Seed UENF 7-14-1 UENF 14-3-3 Progenitor UENF 7-9-1
8th UENF 7-12-1 UENF 14-4-3 UENF 7-6-1 UENF 7-4-1 UENF 7-9-1 UENF 7-14-1 UENF 7-3-1
9th UENF 7-4-1 UENF 14-3-3 UENF 9-24-12  UENF 7-10-1 Parent UENF 7-9-1 Parent

10th UENF 14-6-3 UENF 7-14-1 UENF 15-23-4  UENF 7-3-1 Feltrin Feltrin UENF 14-3-3

11th UENF 7-5-1 UENF 7-9-1 Parent UENF 7-9-1 UENF 7-3-1 Top Seed Top Seed

12th Parent Feltrin UENF 14-3-3 Parent Top Seed UENF 9-24-12  UENF 15-23-4

13th UENF 7-9-1 Parent UENF 7-9-1 UENF 14-6-3 UENF 9-24-12  UENF 7-3-1 Feltrin

14th UENF 14-4-3 Top Seed UENF 7-4-1 Feltrin UENF 7-4-1 UENF 7-4-1 UENF 9-24-12

15th UENF 14-3-3 UENF 7-6-1 Feltrin Top Seed UENF 15-23-4  UENF 14-4-3 UENF 7-4-1

16th Feltrin UENF 15-23-4  UENF 14-6-3 UENF 14-4-3 UENF 14-4-3 UENF 15-23-4  UENF 14-6-3

17th UENF 7-6-1 UENF 7-10-1 UENF 14-4-3 UENF 15-23-4  UENF 14-6-3 UENF 14-6-3 UENF 14-4-3
Y&C = Yates and Cochran (1938); P&P = Plaisted and Peterson (1959); K&P/Y&C = Kang and Phan (1991)
applied to the method of Yates and Cochran (1938); K&P/P&P = Kang and Phan (1991) applied to the Plaisted and
Peterson method (1959); L&B = Lin and Binns (1988); P, = favorable stability index (Pi); P,, = unfavorable Pi,
according to the adaptation by Carneiro (1998).

studies by Miranda et al. (1997) with common beans, Oliveira et al. (2002) with sorghum,
Vicente et al. (2004) with soybeans, Cargnelutti Filho et al. (2007) with corn, and Vilela et
al. (2011) with bean pods.

However, the analysis of the performance of the strains in each environment showed
that the UENF 7-10-1 strain was the most unstable strain in the best environment (Bom
Jesus do Itabapoana - RJ, 2011), which corroborates the statement of Vilela et al. (2011),
that this method indicates the strains that are poorly adapted to favorable environments.

The methodology of Plaisted and Peterson (1959) indicated the following strains as
the most stable genotypes: UENF 9-24-2, UENF 7-12-1, UENF 7-4-1, and UENF 14-6-3.
All of these, with the exception of UENF 7-12-1, presented average productivity below the
general average. Furthermore, the UENF 14-6-3 strain obtained the worst overall average.

When the ranking of Kang and Phan (1991) was applied to the method of Yates and
Cochran (1938), it highlighted the UENF 7-10-1, UENF 7-20-1 and UENF 7-14-1 strains,
which achieved the first, fifth and seventh positions, respectively, for PY. On the other hand,
the 3 most stable strains indicated by the Kang and Phan (1991) algorithm applied to the
method of Plaisted and Peterson (1959) were UENF 7-12-1, UENF 7-5-1 and UENF 7-20-1.
They were ranked fourth, third and fifth positions, respectively, for PY.

The Lin and Binns (1988) method ranked the most productive materials as the most
stable (UENF 7-10-1, UENF 7-6-1 and UENF 7-5-1). However, their genetic percentages
for interaction were 36.72, 60.03 and 80.88%, respectively. The UENF 7-20-1 genotype stood
out, as it achieved the fourth lowest Pi, the fifth highest yield and 97.29% genetic drift.

Bom Jesus do Itabapoana - RJ, 2010 (environment 1), and Bom Jesus do Itabapoana
- RJ, 2011 (environment 2) presented positive indices and were considered favorable in this
study. Environment 2 prevailed, as it obtained the highest averages compared to the other
environments.
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When only the favorable environments were considered, the UENF 7-6-1 strain stood
out for obtaining yield equal to 34.79 t/ha (environment 1) and 46.90 t/ha (environment 2).
However, in the unfavorable environment, this strain produced only 29.96 t/ha. Therefore,
the UENF 7-6-1 genotype was specifically recommended for cultivation in Bom Jesus do
Itapaboana - RJ, and is responsive to environmental improvement.

The UENF 7-10-1, UENF 7-14-1 and UENF 7-20-1 strains stood out for the unfavor-
able environment, as they achieved the 3 highest averages for PY in this environment, namely,
38.69, 37.22 and 36.34 t/ha, respectively. It is noteworthy that these 3 strains were also con-
sidered the most stable by the method of Kang and Phan (1991) when applied to the traditional
method (1938).

The UENF 7-12-1 strain was ranked at the fourth position in both favorable and unfa-
vorable environments, with a PY average of 35.53 t/ha, 40.79 t/ha and 30.83 t/ha (environments
1, 2 and 3, respectively). Therefore, this strain is a good alternative for both low and high tech-
nology conditions, since it is a stable and responsive genotype (with wide adaptation).

However, the following strains stood out: UENF 7-5-1, UENF 7-10-1, UENF 7-10-
1, UENF 7-14-1, and UENF 7-20-1, since they received the best combined indications by
the various methods used in this study (Table 4). By the complementary information ob-
tained by different methods, the strain UENF 7-5-1 was indicated for favorable environ-
ments, i.e., Bom Jesus do Itabapoana (2010 and 2011), the UENF 7-10-1, UENF 7-14-1 and
UENF 7-20-1 strains were indicated for the unfavorable environment (Cambuci) and the
UENF 7-12-1 strain was indicated for both.

Table 4. Ranking of the three best strains by the Traditional method (1938), Plaisted and Peterson (1959), Kang
and Phan (1991), Lin and Binns (1988) and Lin and Binns (1988) adapted by Carneiro (1998) for productivity
of pod yelds (PY).

Methods Strains

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Traditional (1938) I . e
Plaisted and Peterson (1959) - - - - -o. - -2 o B - - -
Kang and Phan (1991)/Traditional (1938) - - - - - - - B - 20 . - - -
Kang and Phan (1991)/Plaisted and Peterson (1959) - - - - -2 - - - B - - - -
Kang and Phan (1991)/Wricke (1965) - - - - -2 - - - K& - - -
Lin and Binns (P,) - - - - - 2 - B - - - - - - -
Lin and Binns (P,) - - - - o2 B - - - . R _ o
Lin and Binns (P,) T .- - oL
General average (PY) - - - - - 2 - B - - - - - - - -
P, = general stability index (Pi); P, = Pi favorable environment; P,; = Pi unfavorable environment. 1 = Parent

(UENF 1445); 2 = Feltrin; 3 = Top Seed Blue Line; 4 = UENF 7-3-1; 5 UENF 7-4-1; 6 = UENF 7-5-1; 7= UENF
7-6-1; 8 = UENF 7-9-1; 9 = UENF 7-10-1; 10 = UENF 7-12-1; 11 = UENF 7-14-1; 12 = UENF 7-20-1; 13 = UENF
9-24-12; 14 = UENF 14-3-3; 15 = UENF 14-4-3; 16 = UENF 14-6-3; 17 = UENF 15-23-4.
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