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ABSTRACT. In this study, we aimed to establish strategies for value 
for cultivation and use (VCU) experiments for the tobacco crop in the 
southern region of Brazil with respect to the number of environments 
used to assess tobacco lines. Trials of the Virginia (18 sites) and Burley 
(17 sites) varietal groups were conducted in the three states of the 
southern region of Brazil in the 2009-2010 crop season. The experiment 
was conducted in a completely randomized block design with four 
replications of 10 tobacco lines in the final stage of evaluation; the plots 
had 6 rows of 7 plants each, or 42 plants per plot. The cured leaf weight 
per hectare (kg/ha) was obtained. To evaluate stability, the ecovalence 
and additive main effects and multiplicative interaction models were 
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adopted. In addition, joint analyses of variance were carried out 
considering different site numbers by simulating resampling. The site 
number ranged from 2 to 17 or 2 to 16, depending on the varietal group, 
and sites were selected at random without replacement. The process 
was repeated 2000 times for each number of sites. All analyses were 
performed using the R software. The results are very similar for both 
varietal groups. There is no advantage of using a large number of sites 
for VCU experiments in the southern region of Brazil because many 
sites contributed little to the interaction or did not discriminate the 
tobacco lines. Furthermore, the classification of the best lines is very 
similar to that obtained in the total number of evaluated sites.

Key words: Experimental design; Genotype by environment interaction; 
Monte Carlo simulation; Plant breeding

INTRODUCTION

As required by the Ministry of Agriculture in Brazil, value for cultivation and use 
(VCU) experiments, must be carried out to register new cultivars. By law, to commercialize 
seeds and propagules of any cultivar, whether protected or not, registration is indispensable 
(Brasil, 1997). Thus, according to the crop species, the setup of the standards for performing 
such trials varies, and they are defined by the Ministry and follow the opinion of specialists in 
statistics experimentation with the crop.

The final evaluation stage of the lines aiming at their approval as cultivars for cultiva-
tion is costly and demands a large amount time from breeders, resulting in the need for the most 
precise trials possible. However, the main difficulty of these trials is the occurrence of interac-
tion between lines and locations (environments). Because of this interaction, the lines behave 
differently in the different sites. This is a known fact for most crops (Pacheco et al., 2003; Tera-
sawa Jr. et al., 2008; Bertoldo et al., 2009; Pereira et al., 2009). The tobacco crop is no different.

To lessen the effect of this interaction, the VCU experiments should be conducted in 
great number of environments, seeking to reduce errors in identification of the best lines that 
may be recommended for the region for which the new cultivars are intended. The question, 
however, is what is the best number of sites. Obviously, this number varies according to the 
crop and the environmental diversity of the region. This diversity contributes to variation in 
the importance of the line with environment interaction.

Knowing this number for each crop and/or region is highly desirable because if few 
sites are used, the precision of the recommendation will be questioned. If an excessive number 
of sites is used, the efficiency of the breeding program will diminish because the cost of each 
trial is normally high. With other crops grown in Brazil, numerous studies expressed a view 
toward ecological zoning (Pacheco et al., 2003; Terasawa Jr. et al., 2008; Bertoldo et al., 2009; 
Pereira et al., 2009). These studies, however, have a different focus from that presented here. 
Because information for tobacco growing was not found in the literature, this study was per-
formed to present strategies for carrying out experiments of the VCU network for the tobacco 
crop in the southern region of Brazil with respect to the dimension of the trial network for the 
Burley and Virginia varietal groups.
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MATERIAL AND METHODS

The trials of the tobacco line evaluation network of the Virginia varietal group (18 
sites) and Burley varietal group (17 sites) were analyzed. The site list of these trials conducted 
in the three states of the southern region of Brazil in the 2009-2010 crop season is presented 
in Table 1. The experiment was conducted in a completely randomized block design with four 
replications consisting of 10 tobacco lines in the final stage of evaluation. The plots had 6 rows 
of 7 plants each, or 42 plants per plot.

            Virginia                    Burley

ID Site State ID Site State

  1 Vale do Sol RS   1 Coronel Freitas SC
  2 Venâncio Aires RS - - -
  3 Boqueirão do Leão RS - - -
  4 Fontoura Xavier RS   4 Iraí RS
  5 São Lourenço do Sul RS   5 Seberi RS
  6 Pelotas RS   6 Cunha Porã SC
  7 Arroio do Padre RS   7 Marmeleiro PR
  - - -   8 Marechal Cândido Rondon PR
  - - -   9 Marechal Cândido Rondon PR
10 Ímbuia SC 10 Missal PR
11 Agronômica SC 11 Marechal Cândido Rondon PR
12 Taió SC - - -
13 Rio Negro PR 13 Toropi RS
14 Rio Negro PR - - -
15 Rio Negro PR 15 Alegre do Marco SC
16 Rio Negro PR 16 Abelardo Luz SC
17 Rio Negro PR 17 Abelardo Luz SC
18 Rio Negro PR 18 Campo do Tenente PR
  - - - 19 Campo do Tenente PR
20 Campo do Tenente PR 20 Rio Negro PR
21 Rio Negro PR - - -
  - - - 22 Rio Negro PR

Table 1. List of sites in which the value for cultivation and use (VCU) trials were conducted during the 2009-
2010 season for the varietal groups Virginia and Burley in southern Brazil.

The cured leaf weight per hectare (kg/ha) was obtained, and analyses of variance were 
performed for each location. Then, after verifying the homogeneity of the variances, joint 
analysis of variance was carried out. The model that was adopted was similar to that presented 
by Ramalho et al. (2012): yij(k) = μ + aj+ rk(j) + gi +(ga)ij + eik(j), where yij(k) is the observation 
in replication k within location j of line i; μ is the constant inherent to all plots, which, by the 
restriction imposed, is the general mean of the observations; aj is the effect of site j with j = 
1, 2, 3, 4, … , 18 or 17 for the tobacco varietal group (Burley or Virginia, respectively); rk(j) is 
the effect of replication k within site j with k = 1, 2, 3, or 4; gi is the effect of line i (i = 1, 2, 
… , 10); (ga)ij is the interaction of line i with site j; and eik(j) is the error term with e ~ N(0, σ2).

After that, sources of variation in lines within environments (gi(j)) were divided into 
differences among lines (gi) and the line by site interaction [(ga)ij].

The interaction between lines and sites was also studied using the additive main ef-
fects and multiplicative interaction (AMMI) method according to the following model (Duarte 
and Vencovsky, 2001): yij = μ + aj + gi + Σ λkγikαjk + ρij + εij, where yij is the observed mean of 
genotype i in site j; μ is the general mean; aj is the effect of the environment (site j) and j = 1, 
2, … , 17 or 18 according to the tobacco varietal group (Burley or Virginia, respectively); gi is 
the effect of genotype i with i = 1, 2, ... , 10; λk is the eigenvalue of the cth principal component 
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related to the genotype by environment interaction; γik is the eigenvector of the cth principal 
component related to the genotype i; αjk is the eigenvector of the cth principal component re-
lated to the site j; ρij is the residue or noise that is not explained by the principal components; 
and εij is the error term, with e ~ N(0, σ2). The fitted model follows the F-Snedecor test of 
Gollob (1968), and the results were used in the biplot graph representation (Gabriel, 1971).

To evaluate the stability of the trial locations, a partition of the sum of squares of the 
line by site interaction, named ecovalence (ωj) (Wricke and Weber, 1986), was used because of 
the easy interpretation and complementarity to the AMMI analysis. This partition is obtained 
by ωj = ∑[(ga)ij]

2, in which ωj is the ecovalence of site j and (ga)ij is the estimate of the effect of 
line i by site j interaction. Through the principle of the method, the sum of squares of the effects 
[(ga)i]

2 recovers the sum of squares of the lines by environment interaction; thus, the relative 
percentage of the sum of squares of the interaction due to each location [ωj(%)] was estimated.

In addition, joint analyses of variance were carried out considering a different number 
of sites. The resampling method was used in the following manner: an algorithm over the data 
spreadsheet sampled p evaluation sites without replacement, performed analysis of variance. 
The following estimates were stored: mean square of the interaction (Vi), mean square of the 
line (Vt), and the three performance best lines in the mean of the p locations.

The number of situations for each site sample size is a function of the combination of 
the total site number and the site sample size (n!/[(n - p)! p!]), in which n is the total number of 
trials and p is the trial sample size. For p in which the number of situations is less than 2000, 
all the respective analyses were carried out. In the other cases, the algorithm performed 2000 
cases. The number of sites (p) ranged from 2 to 17 or 16, depending on the varietal group.

All the analyses were carried out and/or implemented using the R software (R Devel-
opment Core Team, 2011).

RESULTS AND DISCUSSION

Initially, we will comment on the results in reference to the Burley varietal group (Table 
2). A significant difference (P < 0.01) was detected for the local, replications within sites, lines, 
and the line by site interaction variation sources. The occurrence of variation among sites was 
expected in view of the fact that environments differing in soil fertility, climatic conditions, and 
crop management were involved because the trials were conducted on farm properties. The rep-
lications within trial sources of variation show that local control of variation by block random-
ization was effective and that, in general, the performance of the replications differs within sites.

The occurrence of variation among lines and among sites is important so that the occur-
rence of line by site interaction can be detected if it occurs. The sum of squares of the line by site 
interaction was 2.1 times greater than the sum of squares of lines, showing the importance of the in-
teraction in the tobacco crop for that region. The occurrence of this interaction has frequently been 
reported in other crops in the same region (Terasawa Jr. et al., 2008; Bertoldo et al. 2009; Pereira et 
al. 2009). The first proof of the existence of the interaction may be observed as the source of varia-
tion among lines within each site. In some sites, like sites 1, 4, 12, 14, 16, 18, and 20, a significant 
difference among the lines was not detected. In other words, it was not possible to discriminate the 
lines in these sites. However, in the other 10 sites, the lines could be discriminated (Table 2).

Seeking to better elucidate the occurrence of the line by site interaction, all analyses of 
variance were performed for environments two by two (Tables 3 and 4). There was wide varia-
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tion in the estimates of the mean squares of the line by site interaction. The contribution of each 
site to the interaction was different, as was expected. If the number of pairs of sites in which the 
interaction was not significant is considered for a fixed site, the interaction was not significant 
in site 7 in two pairs and in site 22 in one pair. However, in sites 6 and 15, there were 13 and 12 
pairs of sites in which the interaction was not significant (P < 0.05), respectively.

Confirming what was stated above, sites 7 and 22 contributed the most to the interac-
tion according to the ecovalence method (Wricke and Weber, 1986). Sites 6, 10, 13, 16, and 17 
were among those that least contributed to the interaction (Tables 5 and 6).

The AMMI model was applied to study stability, presupposing that the effects of en-
vironments and lines are additive and that the interaction is multiplicative (Gauch Junior and 
Zobel, 1996). It may be observed that the first three principal components were significant (P < 
0.05) and explained 71% of the variation. Three components are difficult to graphically represent 
and to explain the contribution of the sites to the interaction. For that reason, we used the first two 
components, which were significant (P < 0.01) and explained 58.7% of the variation (Table 7).

In graphic analysis (Figure 1), the greater the number of sites that are placed near the 
origin, the less they contributed to the interaction (Duarte and Vencovsky, 2001). If sites 6, 
10, 15, and 16 are considered, the coincidence between the number of pairs in which each site 
participated and the pairs that were not significantly different was very high. Using the eco-
valence model, for example, sites 7 and 22 were those with the greatest number of pairs with 
significant interactions; these sights are the most distant from the origin. A relevant observa-
tion is that even with the two principal components explaining only 58.7% of the variation, the 
agreement with the other strategies that were used was very high.

Source  Virginia   Burley

 d.f. Mean square P d.f. Mean square P

Sites   17          15,194,817 <0.001   16         14,020,781 <0.001
Block/Site   54 337,225 <0.001   51 136,815 <0.001
   Inbreds     9            1,249,231 <0.001     9 768,121 <0.001
   Inbreds x Sites 153 189,569 <0.001 144   97,376 <0.001
      Inbreds/Site 1     9   20,495  0.065     9   38,914  0.628
      Inbreds/Site 2     9 166,777  0.157   - - -
      Inbreds/Site 3     9   86,962  0.649     9 - -
      Inbreds/Site 4     9 362,935 <0.001     9   50,950  0.410
      Inbreds/Site 5     9 221,640  0.043     9 231,650 <0.001
      Inbreds/Site 6     9   98,797  0.553     9 107,094 <0.001
      Inbreds/Site 7     9 128,628  0.339     9 299,422 <0.001
      Inbreds/Site 8   - - -     9 119,882 <0.001
      Inbreds/Site 9   - - -     9 205,299 <0.001
      Inbreds/Site 10     9 222,774  0.042     9   90,675  0.060
      Inbreds/Site 11     9 254,582  0.019   - 185,900 <0.001
      Inbreds/Site 12     9 248,915  0.022     9 - -
      Inbreds/Site 13     9   71,967  0.769   -   38,945  0.620
      Inbreds/Site 14     9   47,192  0.927     9 - -
      Inbreds/Site 15     9   60,566  0.851     9 111,634  0.018
      Inbreds/Site 16     9 383,983 <0.001     9   82,724  0.093
      Inbreds/Site 17     9 420,811 <0.001     9 144,342  0.002
      Inbreds/Site 18     9 182,592  0.111     9   80,891  0.102
      Inbreds/Site 19   - - -     9 168,679 <0.001
      Inbreds/Site 20     9 310,016  0.004   -   70,585  0.173
      Inbreds/Site 21     9 997,825 <0.001     9 - -
      Inbreds/Site 22   - - -   - 298,553 <0.001
Residual 485 113,722 - 455   49,418 -

Table 2. Summary of joint analysis of variance of evaluation trials of the tobacco inbred varietal groups 
Virginia and Burley for cured leaf weight per hectare (kg/ha) in southern Brazil during the 2009-2010 season.



5546

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 5541-5554 (2014)

C.E. Pulcinelli et al.

Si
te

s 
 

 
 

 
 

 
 

 
 

Si
te

s

 
1 

2 
3 

4 
5 

6 
7 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

20
 

21

  1
 

 
   

 2
8,

60
7.

7 
12

6,
04

2.
0 

  3
23

,0
10

.5
  

22
2,

64
9.

3 
  1

61
,7

08
.1

   
  7

9,
77

9.
7 

   
57

,2
35

.7
 

 1
04

,9
23

.3
 

   
90

,6
56

.1
 

   
81

,9
65

.4
 

 1
35

,1
87

.1
  

  7
9,

28
6.

7 
 1

77
,0

24
.2

 
26

9,
91

9.
3 

16
6,

21
0.

4 
17

4,
96

7.
5 

70
0,

29
2.

1
  2

 
  0

.9
86

 
 

10
7,

39
8.

3 
  3

63
,6

67
.8

  
20

2,
59

9.
3 

  1
68

,7
21

.4
   

  6
2,

41
8.

2 
   

54
,0

90
.2

 
   

80
,1

53
.1

 
   

71
,2

46
.8

 
   

43
,8

82
.4

 
 1

07
,8

92
.5

  
  6

9,
12

7.
2 

 1
53

,0
58

.7
 

22
2,

52
9.

1 
11

4,
64

9.
0 

  9
2,

72
9.

3 
57

0,
41

9.
9

  3
 

  0
.3

55
 

  0
.4

86
 

 
  3

35
,9

17
.0

  
17

9,
08

5.
5 

   
 3

4,
01

2.
5 

   
 5

4,
18

2.
5 

 1
13

,2
08

.6
 

 1
08

,3
56

.1
 

 1
11

,7
94

.2
 

   
51

,8
56

.8
 

   
61

,7
62

.8
  

  6
2,

54
8.

4 
 1

61
,3

23
.7

 
19

7,
96

9.
3 

  9
7,

07
8.

2 
14

8,
23

8.
3 

47
6,

39
0.

5
  4

 
  0

.0
03

 
  0

.0
01

 
  0

.0
02

 
 

 2
16

,5
62

.2
  

 2
89

,9
32

.3
   

34
2,

18
9.

0 
 3

20
,1

25
.5

 
 4

91
,4

66
.3

 
 5

46
,1

16
.5

 
 2

83
,2

17
.3

 
 1

81
,8

56
.6

  
21

9,
86

9.
8 

 4
46

,0
92

.8
 

41
4,

60
2.

2 
29

7,
69

9.
3 

48
8,

02
4.

9 
65

4,
65

0.
7

  5
 

  0
.0

42
 

  0
.0

69
 

0.
12

 
  0

.0
49

 
 

  1
61

,4
55

.6
   

14
3,

73
5.

0 
 1

33
,5

29
.7

 
 2

37
,1

06
.0

 
 3

15
,2

32
.2

 
 1

37
,5

73
.7

 
   

95
,9

28
.4

  
  7

0,
05

2.
4 

 1
13

,1
70

.9
 

13
8,

31
8.

9 
  9

7,
90

7.
6 

17
1,

78
0.

0 
36

0,
35

0.
2

  6
 

  0
.1

76
 

  0
.1

51
 

  0
.9

75
 

  0
.0

07
 

  0
.1

76
 

 
   

 9
9,

90
0.

8 
 1

72
,6

66
.4

 
 1

30
,1

40
.5

 
 1

52
,4

09
.1

 
 1

03
,6

49
.9

 
   

60
,6

79
.0

  
  7

8,
64

4.
3 

 2
38

,1
32

.8
 

30
1,

37
3.

1 
17

2,
38

7.
7 

24
6,

70
2.

7 
59

8,
16

1.
5

  7
 

  0
.7

08
 

  0
.8

39
 

  0
.8

91
 

  0
.0

02
 

  0
.2

54
 

  0
.5

44
 

 
   

40
,8

72
.6

 
 1

14
,6

97
.2

 
 1

09
,2

62
.3

 
   

63
,6

81
.8

 
 1

02
,5

59
.7

  
  5

4,
54

0.
0 

   
88

,5
35

.5
 

14
4,

89
9.

7 
  9

1,
93

2.
3 

12
9,

18
5.

5 
54

5,
02

5.
8

10
 

  0
.8

72
 

  0
.8

91
 

  0
.4

43
 

  0
.0

03
 

  0
.3

09
 

  0
.1

38
 

  0
.9

54
 

 
 1

55
,6

72
.1

 
 1

70
,7

32
.1

 
   

73
,0

21
.8

 
 1

20
,4

53
.7

  
  6

8,
16

2.
4 

   
49

,3
01

.9
 

13
6,

98
0.

3 
  7

0,
41

0.
3 

11
0,

32
0.

7 
47

5,
62

6.
9

11
 

  0
.5

05
 

  0
.7

05
 

  0
.4

79
 

<0
.0

01
 

  0
.0

29
 

  0
.3

30
 

  0
.4

32
 

  0
.1

99
 

 
 1

01
,7

20
.0

 
 1

32
,9

67
.5

 
 1

61
,9

03
.7

  
12

3,
18

3.
2 

 2
20

,8
09

.9
 

27
8,

35
8.

2 
19

9,
50

3.
9 

13
0,

33
0.

1 
63

8,
39

5.
9

12
 

  0
.6

19
 

  0
.7

75
 

  0
.4

53
 

<0
.0

01
 

  0
.0

04
 

  0
.2

13
 

  0
.4

72
 

  0
.1

44
 

  0
.5

30
 

 
   

92
,9

16
.5

 
 1

78
,0

71
.8

  
12

8,
03

5.
8 

 2
65

,5
94

.2
 

35
9,

27
8.

7 
22

3,
43

5.
0 

18
3,

24
2.

7 
78

8,
35

9.
1

13
 

  0
.6

90
 

  0
.9

42
 

  0
.9

04
 

  0
.0

09
 

  0
.2

86
 

  0
.5

15
 

  0
.8

30
 

  0
.7

61
 

  0
.3

13
 

  0
.6

01
 

 
   

33
,3

64
.6

  
  2

5,
84

1.
8 

 1
35

,2
18

.4
 

17
1,

35
9.

4 
  6

1,
96

1.
5 

  9
5,

04
6.

8 
41

0,
01

2.
3

14
 

  0
.3

00
 

  0
.4

82
 

  0
.8

43
 

  0
.1

13
 

  0
.5

76
 

  0
.8

50
 

  0
.5

23
 

  0
.3

92
 

  0
.1

75
 

  0
.1

23
 

  0
.9

76
 

 
   

27
,4

72
.4

 
 1

89
,2

72
.0

 
21

5,
22

5.
7 

  9
5,

51
6.

0 
16

9,
59

1.
9 

41
3,

40
7.

3
15

 
  0

.7
12

 
  0

.7
91

 
  0

.8
38

 
  0

.0
45

 
  0

.7
84

 
  0

.7
17

 
  0

.8
88

 
  0

.7
98

 
  0

.3
74

 
  0

.3
42

 
  0

.9
91

 
  0

.9
88

 
 

 1
12

,3
24

.9
 

13
8,

16
3.

8 
  8

1,
07

4.
8 

13
0,

10
0.

6 
43

3,
70

4.
1

16
 

  0
.1

26
 

  0
.2

10
 

  0
.1

77
 

<0
.0

01
 

  0
.4

43
 

  0
.0

29
 

  0
.6

36
 

  0
.9

17
 

  0
.0

44
 

  0
.0

14
 

  0
.3

00
 

  0
.0

95
 

  0
.4

49
 

 
  5

9,
24

6.
6 

  6
5,

34
9.

3 
  9

6,
55

0.
8 

33
0,

73
7.

5
17

 
  0

.0
12

 
  0

.0
42

 
  0

.0
77

 
<0

.0
01

 
  0

.2
82

 
  0

.0
05

 
  0

.2
48

 
  0

.2
90

 
  0

.0
10

 
  0

.0
01

 
  0

.1
42

 
  0

.0
51

 
  0

.2
83

 
  0

.8
60

 
 

  8
5,

80
6.

2 
12

0,
61

5.
2 

21
7,

85
5.

3
18

 
  0

.1
59

 
  0

.4
32

 
  0

.5
67

 
  0

.0
06

 
  0

.5
60

 
  0

.1
39

 
  0

.6
09

 
  0

.7
81

 
  0

.0
75

 
  0

.0
42

 
  0

.8
42

 
  0

.5
80

 
  0

.6
97

 
  0

.8
18

 
 0

.6
59

 
 

  4
8,

92
1.

0 
23

9,
65

6.
3

20
 

  0
.1

32
 

  0
.6

02
 

  0
.2

32
 

<0
.0

01
 

  0
.1

41
 

  0
.0

23
 

  0
.3

35
 

  0
.4

64
 

  0
.3

28
 

  0
.1

09
 

  0
.5

83
 

  0
.1

48
 

  0
.3

30
 

  0
.5

71
 

 0
.3

91
 

 0
.9

19
 

 
28

8,
78

9.
8

21
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

<0
.0

01
 

  0
.0

02
 

 0
.0

48
 

 0
.0

28
 

 0
.0

07

Ta
bl

e 
3.

 M
at

rix
 d

ec
om

po
si

tio
n 

of
 th

e 
si

te
s 

by
 in

br
ed

 in
te

ra
ct

io
n 

(tw
o 

by
 tw

o)
 f

or
 s

ite
 e

va
lu

at
io

n 
tri

al
s 

of
 th

e 
to

ba
cc

o 
in

br
ed

 v
ar

ie
ta

l g
ro

up
 V

irg
in

ia
 

ac
co

rd
in

g 
to

 th
e 

cu
re

d 
le

af
 w

ei
gh

t p
er

 h
ec

ta
re

 (k
g/

ha
).

Tr
ia

ls
 w

er
e 

in
 s

ou
th

er
n 

B
ra

zi
l d

ur
in

g 
th

e 
20

09
-2

01
0 

se
as

on
. V

al
ue

s 
ab

ov
e 

th
e 

di
ag

on
al

 a
re

 th
e 

m
ea

n 
sq

ua
re

s 
an

d 
th

os
e 

be
lo

w
 th

e 
di

ag
on

al
 a

re
 th

e 
si

gn
ifi

ca
nc

e 
of

 th
e 

re
sp

ec
tiv

e 
te

rm
.



5547

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 5541-5554 (2014)

Experimental strategies for VCU in tobacco

Si
te

s 
 

 
 

 
 

 
 

 
   

   
   

   
   

   
  S

ite
s

 
1 

4 
5 

6 
7 

8 
9 

10
 

11
 

13
 

15
 

16
 

17
 

18
 

19
 

20
 

22

  1
 

 
   

36
,0

48
.0

   
16

6,
58

7.
0 

  9
2,

50
2.

3 
 1

89
,3

87
.6

 
  9

2,
28

6.
3 

  1
05

,8
67

.6
 

  7
7,

54
0.

8 
14

6,
18

1.
6 

  4
7,

52
9.

4 
10

5,
93

1.
3 

  7
9,

74
0.

2 
10

5,
94

2.
9 

  8
0,

07
7.

4 
12

5,
44

8.
5 

   
56

,6
16

.8
 

23
1,

25
2.

9
  4

 
  0

.6
82

 
 

  1
61

,2
08

.1
  

 7
0,

82
9.

8 
 1

72
,9

31
.2

 
  9

7,
93

3.
5 

   
 9

8,
98

6.
3 

  8
1,

08
2.

2 
12

2,
90

2.
3 

  4
7,

85
7.

2 
  7

9,
46

2.
6 

  7
2,

81
5.

2 
  7

5,
04

0.
8 

  3
3,

71
9.

1 
  9

7,
41

3.
7 

   
38

,5
13

.9
 

17
4,

57
2.

6
  5

 
<0

.0
01

 
  0

.0
01

 
 

  8
6,

91
9.

6 
   

28
,6

54
.1

 
11

6,
62

5.
3 

  2
35

,0
50

.3
 

  8
1,

61
9.

5 
19

2,
19

1.
6 

13
4,

97
5.

7 
  9

6,
16

4.
0 

  6
7,

02
2.

5 
14

9,
87

9.
5 

10
0,

64
6.

9 
17

8,
27

1.
4 

 1
77

,3
69

.0
 

  8
2,

56
9.

4
  6

 
  0

.0
54

 
  0

.1
71

 
  0

.0
74

 
 

 1
11

,2
67

.6
 

  5
0,

46
9.

2 
   

 8
8,

04
6.

0 
  4

2,
84

0.
9 

  6
0,

67
2.

8 
  3

4,
33

2.
9 

  4
6,

60
0.

8 
  2

5,
05

9.
2 

  4
3,

78
9.

3 
  5

6,
42

7.
9 

13
7,

44
5.

7 
   

67
,9

26
.9

 
12

9,
71

6.
9

  7
 

<0
.0

01
 

<0
.0

01
 

  0
.8

14
 

0.
01

8 
 

16
5,

16
9.

0 
  2

59
,9

75
.8

 
10

7,
77

5.
4 

26
9,

46
1.

9 
17

1,
24

8.
5 

10
1,

80
6.

3 
10

4,
27

7.
9 

18
0,

97
8.

1 
  9

2,
04

8.
0 

22
6,

00
6.

2 
 2

42
,2

13
.4

 
11

9,
63

7.
8

  8
 

  0
.0

55
 

  0
.0

40
 

  0
.0

13
 

0.
42

2 
  0

.0
01

 
 

   
 6

5,
89

2.
3 

  1
1,

63
9.

7 
  8

0,
13

1.
4 

  2
5,

76
6.

2 
  6

5,
73

5.
6 

  3
2,

17
8.

8 
  4

1,
73

2.
0 

11
6,

39
3.

0 
  7

9,
89

3.
0 

   
56

,9
66

.1
 

15
2,

23
6.

2
  9

 
  0

.0
25

 
  0

.0
37

 
<0

.0
01

 
0.

06
9 

<0
.0

01
 

 0
.2

17
 

 
  9

1,
74

7.
3 

  8
5,

80
3.

7 
  5

1,
38

3.
3 

  9
8,

73
0.

7 
  6

1,
40

0.
5 

  2
8,

61
5.

0 
16

4,
09

0.
8 

  7
8,

29
5.

9 
   

88
,0

11
.3

 
26

3,
69

1.
8

10
 

  0
.1

22
 

  0
.1

01
 

  0
.0

98
 

0.
55

5 
  0

.0
22

 
 0

.9
89

 
  0

.0
56

 
 

  9
0,

56
5.

1 
  2

7,
52

8.
5 

  3
8,

01
3.

7 
  2

9,
89

1.
1 

  4
3,

79
1.

1 
  7

2,
02

7.
0 

  8
5,

35
0.

4 
   

74
,7

82
.2

 
10

5,
10

1.
3

11
 

  0
.0

02
 

  0
.0

09
 

<0
.0

01
 

0.
27

6 
<0

.0
01

 
 0

.1
06

 
  0

.0
78

 
 0

.0
60

 
 

  4
6,

80
7.

5 
  8

8,
75

0.
8 

  6
1,

23
5.

0 
  3

9,
05

8.
0 

13
8,

96
5.

2 
10

5,
53

3.
8 

   
86

,0
93

.9
 

15
0,

78
9.

0
13

 
  0

.4
71

 
  0

.4
66

 
  0

.0
04

 
0.

71
4 

<0
.0

01
 

 0
.8

59
 

  0
.4

07
 

 0
.8

32
 

 0
.4

84
 

 
  4

2,
49

5.
2 

  2
5,

32
4.

5 
  2

9,
13

0.
7 

  6
7,

10
6.

2 
  6

1,
96

3.
4 

   
34

,9
21

.8
 

14
2,

81
6.

8
15

 
  0

.0
25

 
  0

.1
10

 
  0

.0
44

 
0.

48
7 

  0
.0

32
 

 0
.2

19
 

  0
.0

38
 

 0
.6

45
 

 0
.0

67
 

 0
.5

61
 

 
  2

8,
39

9.
4 

  3
7,

94
5.

6 
  4

1,
29

4.
7 

  9
2,

71
7.

8 
 1

20
,7

85
.6

 
12

1,
28

7.
4

16
 

  0
.1

09
 

  0
.1

55
 

  0
.2

06
 

0.
87

0 
  0

.0
27

 
 0

.7
53

 
  0

.2
67

 
 0

.7
93

 
 0

.2
69

 
 0

.8
66

 
 0

.8
18

 
 

  2
8,

65
4.

6 
  6

9,
59

0.
1 

  6
7,

96
7.

5 
   

69
,7

65
.5

 
12

1,
47

9.
0

17
 

  0
.0

25
 

  0
.1

38
 

  0
.0

02
 

0.
53

8 
<0

.0
01

 
 0

.5
75

 
  0

.8
15

 
 0

.5
38

 
 0

.6
25

 
 0

.8
06

 
 0

.6
46

 
 0

.8
14

 
 

  9
2,

52
9.

0 
  6

2,
85

4.
1 

   
79

,1
29

.0
 

14
7,

48
8.

3
18

 
  0

.1
07

 
  0

.7
25

 
  0

.0
34

 
0.

33
1 

  0
.0

56
 

 0
.0

13
 

  0
.0

01
 

 0
.1

61
 

 0
.0

03
 

 0
.2

05
 

 0
.5

84
 

 0
.1

82
 

 0
.0

54
 

 
13

7,
21

6.
3 

   
98

,6
32

.0
 

11
3,

83
2.

5
19

 
  0

.0
08

 
  0

.0
41

 
<0

.0
01

 
0.

00
4 

<0
.0

01
 

 0
.1

08
 

  0
.1

17
 

 0
.0

80
 

 0
.0

26
 

 0
.2

60
 

 0
.0

54
 

 0
.1

97
 

 0
.2

50
 

 0
.0

04
 

 
   

93
,5

10
.5

 
13

8,
15

4.
9

20
 

  0
.3

29
 

  0
.6

36
 

<0
.0

01
 

0.
19

7 
<0

.0
01

 
 0

.3
24

 
  0

.0
70

 
 0

.1
40

 
 0

.0
77

 
 0

.7
03

 
 0

.0
10

 
 0

.1
80

 
 0

.1
12

 
 0

.0
38

 
 0

.0
51

 
 

19
3,

44
5.

5
22

 
<0

.0
01

 
<0

.0
01

 
  0

.0
94

 
0.

00
6 

  0
.0

11
 

 0
.0

01
 

<0
.0

01
 

 0
.0

26
 

 0
.0

02
 

 0
.0

02
 

 0
.0

10
 

 0
.0

10
 

 0
.0

02
 

 0
.0

15
 

 0
.0

03
 

<0
.0

01

Ta
bl

e 4
. M

at
rix

 d
ec

om
po

si
tio

n 
of

 th
e s

ite
s b

y 
in

br
ed

 in
te

ra
ct

io
n 

(tw
o 

by
 tw

o)
 fo

r s
ite

 ev
al

ua
tio

n 
tri

al
s o

f t
he

 to
ba

cc
o 

in
br

ed
 v

ar
ie

ta
l g

ro
up

 B
ur

le
y 

ac
co

rd
in

g 
to

 th
e 

cu
re

d 
le

af
 w

ei
gh

t p
er

 h
ec

ta
re

 (k
g/

ha
).

Tr
ia

ls
 w

er
e 

in
 s

ou
th

er
n 

B
ra

zi
l d

ur
in

g 
th

e 
20

09
-2

01
0 

se
as

on
. V

al
ue

s 
ab

ov
e 

th
e 

di
ag

on
al

 a
re

 th
e 

m
ea

n 
sq

ua
re

s 
an

d 
th

os
e 

be
lo

w
 th

e 
di

ag
on

al
 a

re
 th

e 
si

gn
ifi

ca
nc

e 
of

 th
e 

re
sp

ec
tiv

e 
te

rm
.



5548

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 5541-5554 (2014)

C.E. Pulcinelli et al.

Si
te

s 
 

 
 

 
   

   
   

   
   

   
   

   
In

br
ed

s 
 

 
 

 
 

ω
i 

ω
i (

%
)

 
   

 1
 

   
2 

3 
4 

5 
6 

7 
8 

9 
10

  1
 

   
  1

2,
87

0.
2 

   
  5

28
0.

8 
19

8,
46

8.
2 

17
9,

84
4.

7 
60

5,
07

1.
5 

11
3,

40
2.

1 
68

,2
33

.6
 

49
,8

51
.9

 
69

,7
85

.3
 

44
,0

05
.7

 
1,

34
6,

81
4.

0 
4.

66
  2

 
   

  9
5,

17
4.

2 
   

  3
50

6.
9 

15
8,

76
0.

6 
34

,2
36

.5
 

16
0,

33
0.

9 
26

5,
02

1.
4 

91
,6

06
.5

 
82

31
.1

 
54

,6
24

.6
 

61
26

.9
 

87
7,

61
9.

6 
3.

03
  3

 
   

12
6,

09
3.

7 
   

  6
13

3.
9 

10
6,

17
6.

7 
72

5.
3 

76
,9

98
.8

 
48

,6
63

.3
 

33
,2

82
.3

 
19

3,
71

0.
4 

77
,1

83
.4

 
15

8,
70

2.
3 

82
7,

67
0.

1 
2.

86
  4

 
   

  7
9,

15
6.

0 
   

   
 3

58
.4

 
44

3,
68

6.
1 

65
90

.4
 

16
5,

86
3.

5 
1,

32
4,

45
0.

4 
22

6,
27

5.
7 

1,
75

5,
95

5.
1 

40
,4

28
.7

 
59

6,
56

3.
8 

4,
63

9,
32

8.
0 

16
.0

4
  5

 
   

  7
1,

28
7.

3 
17

2,
87

3.
9 

  7
8,

99
0.

4 
28

6,
72

7.
0 

27
65

.4
 

52
,0

74
.2

 
13

,3
02

.0
 

23
1,

62
5.

2 
24

1,
35

7.
0 

24
1,

30
2.

4 
1,

39
2,

30
4.

8 
4.

81
  6

 
   

58
6,

88
2.

7 
  6

1,
84

9.
3 

37
9,

28
5.

7 
10

1,
47

7.
2 

14
,2

80
.4

 
94

,6
25

.0
 

40
,0

34
.8

 
13

5,
52

6.
7 

48
,9

75
.9

 
34

,5
44

.1
 

1,
49

7,
48

1.
8 

5.
18

  7
 

   
12

4,
11

3.
0 

10
9,

90
4.

8 
34

,6
51

.0
 

30
54

.7
 

48
70

.2
 

67
40

.8
 

29
4,

70
3.

1 
25

,7
36

.3
 

14
07

.7
 

10
,3

17
.4

 
61

5,
49

8.
9 

2.
13

10
 

   
   

  7
54

3.
5 

15
2,

38
8.

0 
21

,8
16

.0
 

14
15

.2
 

15
9,

65
0.

9 
75

3.
6 

17
7,

25
4.

1 
46

,2
57

.5
 

26
38

.8
 

10
8,

94
9.

8 
67

8,
66

7.
3 

2.
35

11
 

   
  5

9,
14

4.
7 

  5
2,

70
7.

4 
29

1,
86

7.
6 

84
32

.9
 

39
,1

59
.1

 
1,

00
8,

02
0.

7 
30

,4
62

.3
 

23
4,

76
4.

9 
66

,7
80

.4
 

18
,2

31
.9

 
1,

80
9,

57
1.

8 
6.

25
12

 
   

  5
4,

96
5.

3 
20

2,
79

8.
0 

29
6,

47
7.

7 
88

,2
57

.1
 

14
2,

78
0.

8 
32

8,
61

8.
2 

19
0,

28
4.

0 
25

2,
78

3.
2 

67
,4

28
.0

 
61

8,
93

5.
5 

2,
24

3,
32

7.
9 

7.
75

13
 

   
  6

2,
92

7.
3 

   
  4

11
2.

8 
   

 5
8,

22
4.

6 
30

67
.1

 
46

,8
99

.7
 

97
11

.6
 

25
99

.4
 

91
.7

 
34

.5
 

20
0,

18
8.

7 
38

7,
85

7.
4 

1.
34

14
 

   
   

  1
56

4.
5 

  1
6,

34
0.

8 
   

27
1,

95
9.

8 
82

,3
22

.5
 

97
74

.0
 

14
0,

81
0.

8 
18

9,
03

7.
5 

26
,4

79
.3

 
64

53
.1

 
26

,3
16

.8
 

77
1,

05
9.

0 
2.

67
15

 
   

  3
5,

15
5.

0 
   

  7
97

1.
1 

   
  5

6,
85

7.
3 

21
1.

2 
47

,9
23

.1
 

51
40

.6
 

15
,7

08
.7

 
16

,7
11

.9
 

10
6,

13
3.

3 
63

64
.0

 
29

8,
17

6.
1 

1.
03

16
 

   
   

   
   

  6
.2

 
  8

5,
97

7.
4 

   
73

2,
82

5.
6 

15
,7

42
.5

 
48

7.
8 

22
85

.1
 

11
6,

73
5.

4 
95

,0
02

.9
 

12
6,

93
6.

2 
87

,4
53

.5
 

1,
26

3,
45

2.
6 

4.
37

17
 

   
   

   
 1

32
.3

 
21

0,
88

2.
1 

   
77

8,
01

6.
3 

11
5,

96
1.

4 
32

2,
72

2.
3 

12
11

.2
 

12
4.

7 
77

,1
58

.7
 

33
0,

37
3.

2 
21

,5
28

.4
 

1,
85

8,
11

0.
6 

6.
42

18
 

   
11

7,
61

6.
9 

   
  1

17
1.

8 
   

27
9,

42
0.

4 
34

24
.5

 
52

,4
57

.8
 

75
,4

31
.3

 
12

33
.1

 
10

,6
76

.0
 

51
,8

78
.7

 
1.

4 
59

3,
31

1.
8 

2.
05

20
 

   
35

8,
38

5.
7 

  5
4,

95
7.

9 
   

28
5,

58
5.

9 
31

56
.3

 
11

9,
18

8.
3 

31
9,

39
7.

2 
52

29
.5

 
72

89
.0

 
47

,1
19

.0
 

58
71

.3
 

1,
20

6,
18

0.
0 

4.
17

21
 

1,
46

4,
83

3.
9 

  3
3,

27
6.

7 
2,

09
5,

98
6.

8 
11

,8
09

.0
 

1,
12

7,
60

3.
1 

25
5,

02
2.

7 
1,

28
0,

37
0.

1 
13

1,
38

7.
8 

22
4,

27
9.

0 
36

0.
0 

6,
62

4,
92

9.
0 

22
.9

0

Ta
bl

e 
5.

 M
at

rix
 d

ec
om

po
si

tio
n 

of
 th

e 
si

te
s 

by
 in

br
ed

 in
te

ra
ct

io
n 

fo
r s

ite
s 

fo
llo

w
in

g 
th

e 
W

irc
ke

 a
nd

 W
eb

er
 (1

98
6)

 a
nd

 s
um

 o
f t

he
 e

co
va

le
nc

e 
(ω

i) 
fo

r t
he

 
V

irg
in

ia
 v

ar
ie

ta
l g

ro
up

 a
cc

or
di

ng
 to

 th
e 

cu
re

d 
le

af
 w

ei
gh

t p
er

 h
ec

ta
re

 (k
g/

ha
).

Tr
ia

ls
 w

er
e 

in
 so

ut
he

rn
 B

ra
zi

l d
ur

in
g 

th
e 

20
09

-2
01

0 
se

as
on

.



5549

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 5541-5554 (2014)

Experimental strategies for VCU in tobacco

Si
te

s 
 

 
 

    
   

   
   

   
   

   
   

 In
br

ed
s 

 
 

 
 

 
ω

i 
ω

i (
%

)

 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10

  1
 

45
,8

49
.3

 
14

8,
67

9.
2 

40
3,

79
3.

2 
60

,9
62

.0
 

26
,3

56
.2

 
97

,7
43

.9
 

16
2,

31
8.

9 
37

,4
62

.3
 

12
07

.0
 

31
89

.7
 

98
7,

56
1.

7 
7.

03
  4

 
30

05
.7

 
68

,5
33

.7
 

13
3,

33
2.

5 
62

,8
98

.2
 

93
40

.5
 

30
3,

53
5.

0 
27

76
.0

 
20

,5
49

.8
 

67
,1

10
.9

 
31

,7
47

.2
 

70
2,

82
9.

6 
5.

01
  5

 
10

,6
38

.9
 

58
1.

3 
35

,5
44

.4
 

10
9,

63
7.

6 
59

55
.9

 
94

,7
90

.3
 

33
,6

23
.7

 
10

6,
90

8.
5 

42
,5

44
.3

 
93

7,
99

6.
1 

1,
37

8,
22

1.
0 

9.
82

  6
 

32
,8

60
.5

 
70

96
.3

 
32

,1
85

.4
 

10
,6

59
.6

 
12

9,
38

1.
2 

10
7,

26
2.

7 
12

78
.9

 
23

61
.8

 
66

,6
19

.6
 

60
6.

5 
39

0,
31

2.
4 

2.
78

  7
 

27
,4

14
.9

 
83

,5
43

.8
 

10
,1

20
.9

 
18

,5
08

.3
 

21
,0

55
.2

 
39

,3
26

.8
 

96
,4

48
.7

 
50

,1
30

.4
 

18
,3

08
.2

 
1,

49
9,

57
7.

8 
1,

86
4,

43
4.

9 
13

.2
8

  8
 

12
8,

86
3.

4 
84

65
.9

 
13

57
.7

 
97

,6
59

.3
 

22
,4

83
.8

 
53

,0
19

.6
 

31
34

.7
 

11
8,

23
1.

5 
31

,5
56

.8
 

35
,6

74
.7

 
50

0,
44

7.
4 

3.
56

  9
 

54
,8

66
.0

 
22

,4
40

.1
 

33
57

.3
 

42
2,

88
3.

0 
19

59
.3

 
61

,5
18

.8
 

28
32

.6
 

81
,5

43
.6

 
60

,8
35

.0
 

44
3,

00
7.

1 
1,

15
5,

24
2.

9 
8.

23
10

 
11

6,
02

3.
9 

11
55

.4
 

21
,1

31
.4

 
50

,4
68

.6
 

18
,1

15
.4

 
38

,0
68

.9
 

18
,7

31
.8

 
13

,9
71

.4
 

26
,4

04
.6

 
18

,4
33

.5
 

32
2,

50
4.

9 
2.

3
11

 
50

,6
81

.1
 

26
1,

54
0.

8 
90

,3
32

.0
 

10
,7

32
.0

 
23

,8
22

.7
 

90
,2

16
.1

 
17

,0
01

.1
 

84
,1

30
.1

 
11

,3
93

.9
 

43
4,

25
1.

4 
1,

07
4,

10
0.

9 
7.

65
13

 
62

52
.9

 
53

86
.0

 
47

95
.2

 
37

,6
76

.7
 

15
63

.9
 

84
01

.5
 

10
,7

30
.5

 
28

,1
40

.7
 

36
2.

6 
11

4,
77

0.
2 

21
8,

08
0.

2 
1.

55
15

 
14

64
.9

 
21

,0
94

.5
 

99
,7

94
.6

 
77

00
.9

 
15

75
.8

 
27

55
.2

 
20

8,
17

4.
9 

59
,7

32
.3

 
49

,4
58

.3
 

12
,9

66
.9

 
46

4,
71

8.
3 

3.
31

16
 

23
,7

08
.2

 
13

64
.5

 
94

,6
81

.0
 

12
,2

22
.4

 
56

.3
 

36
85

.7
 

79
27

.8
 

23
,0

42
.7

 
17

,0
54

.3
 

68
5.

0 
18

4,
42

7.
9 

1.
31

17
 

21
,6

16
.2

 
10

4,
65

9.
1 

37
,1

15
.1

 
42

,0
27

.0
 

41
53

.3
 

88
81

.2
 

83
,8

17
.1

 
44

68
.7

 
2.

7 
14

6,
59

5.
2 

45
3,

33
5.

5 
3.

23
18

 
42

5.
4 

13
1,

47
1.

1 
98

89
.8

 
17

9,
43

2.
9 

14
,2

43
.5

 
56

,7
10

.7
 

79
,8

69
.5

 
14

5,
96

3.
7 

23
,7

95
.5

 
82

,3
81

.9
 

72
4,

18
3.

8 
5.

16
19

 
55

,5
19

.3
 

79
,6

14
.6

 
86

12
.4

 
23

,7
63

.7
 

56
5,

35
9.

6 
16

2,
72

3.
6 

14
,7

95
.8

 
44

9.
4 

35
,9

07
.3

 
11

2,
37

7.
5 

1,
05

9,
12

3.
2 

7.
54

20
 

53
,5

11
.5

 
13

,7
21

.7
 

72
,3

59
.5

 
41

,2
68

.0
 

34
,1

49
.6

 
24

,9
92

.5
 

25
5,

36
6.

7 
15

,3
75

.5
 

27
,9

58
.4

 
29

3,
25

2.
1 

83
1,

95
5.

3 
5.

92
22

 
64

,5
28

.9
 

37
8,

29
9.

5 
71

3.
0 

45
2,

85
5.

2 
26

8,
32

8.
1 

14
8,

00
1.

7 
21

,8
92

.7
 

63
,1

02
.4

 
65

.5
 

33
2,

55
1.

2 
1,

73
0,

33
8.

2 
12

.3
2

Ta
bl

e 
6.

 M
at

rix
 d

ec
om

po
si

tio
n 

of
 th

e 
si

te
s 

by
 in

br
ed

 in
te

ra
ct

io
n 

fo
r s

ite
s 

fo
llo

w
in

g 
th

e 
W

irc
ke

 a
nd

 W
eb

er
 (1

98
6)

 a
nd

 s
um

 o
f t

he
 e

co
va

le
nc

e 
(ω

i) 
fo

r t
he

 
B

ur
le

y 
va

rie
ta

l g
ro

up
 a

cc
or

di
ng

 to
 th

e 
cu

re
d 

le
af

 w
ei

gh
t p

er
 h

ec
ta

re
 (k

g/
ha

).

Tr
ia

ls
 w

er
e 

in
 so

ut
he

rn
 B

ra
zi

l d
ur

in
g 

th
e 

20
09

-2
01

0 
se

as
on

.



5550

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (3): 5541-5554 (2014)

C.E. Pulcinelli et al.

In the VCU experiment, identifying the best line or the three best lines is of interest. 
Therefore, the validity of the best lines that were identified for different number of sites was 
estimated by resampling simulations (Table 8). In an average of 2000 simulations, the occur-
rence of the best three lines that were identified in the experiment with the 17 locations was 

Principal components  Virginia   Burley

 % explained d.f. P % explained d.f. P

  1 42.10 25 <0.001 40.10 24 <0.001
  2 25.10 23 <0.001 18.60 22 <0.001
  3 11.50 21   0.110 12.30 20   0.020
  4   7.50 19   0.460   9.50 18   0.080
  5   4.90 17   0.770    8.60 16   0.080
  6   3.30 15   0.900   4.60 14   0.530
  7   2.60 13   0.920   3.20 12   0.700
  8   2.00 11   0.930   2.20 10   0.800
  9   1.00   9   0.980   0.90   8   0.950
10   0.00   7 1   0.00   6 1

Table 7. Summary of the analysis of the sites by inbred interaction according to the additive main effects and 
multiplicative interaction model.

Model is based on the cured leaf weight per hectare (kg/ha) for the Virginia and Burley varietal groups from the 
2009-2010 season.

Figure 1. Biplot representation of the sites by inbred interaction analysis using the additive main effects and 
multiplicative interaction model. This illustrates the first versus second principal components for the cured leaf 
weight in the Burley varietal group during the 2009-2010 season.
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very high. With two trial sites, the first (best) line appears among the three best lines in 76% 
of 136 situations; the same line was identified as the best line in 36% of cases. Using seven 
sites, the best line was identified among the three best lines in 100% of cases, and this pattern 
continued until all sites were included in the analysis.

Number of sites                                                       Virginia                                                   Burley

 1st among top 3 1st as 1st 1st among top 3 1st as 1st

  2 0.81 0.40 0.76 0.36
  3 0.80 0.43 0.87 0.43
  4 0.81 0.43 0.91 0.48
  5 0.74 0.44 0.96 0.52
  6 0.75 0.43 0.99 0.54
  7 0.78 0.45 1.00 0.57
  8 0.79 0.47 1.00 0.59
  9 0.80 0.48 1.00 0.62
10 0.82 0.49 1.00 0.62
11 0.82 0.52 1.00 0.63
12 0.85 0.53 1.00 0.65
13 0.87 0.56 1.00 0.67
14 0.90 0.61 1.00 0.72
15 0.96 0.60 1.00 0.76
16 0.98 0.65 1.00 0.82
17 0.99 0.73 - -

Table 8. Percentage of coincidence in the classification of the three best lines for different numbers of sites that 
were evaluated for cured leaf weight per hectare (kg/ha) from the Virginia and Burley varietal groups that were 
grown in southern Brazil during the 2009-2010 season.

We also observed that the estimate of the relationship between the quadratic compo-
nents of the line by location interaction (Vi) and of lines (Vt), obtained from joint analysis, was 
very similar when different numbers of locations were used. The quadratic component of the 
interaction was always superior to that of the line component, once more showing the impor-
tance of interaction in the studied region (Table 9).

Sites                                                   Virginia                                                          Burley

 Vt / Vi σVt / σVi Vt / Vi σVt / σVi

  2 1.29 1.04 1.20 0.93
  3 1.29 1.06 1.21 0.90
  4 1.31 1.07 1.22 0.91
  5 1.23 1.06 1.19 0.89
  6 1.30 1.07 1.19 0.89
  7 1.31 1.08 1.19 0.87
  8 1.31 1.08 1.20 0.85
  9 1.28 1.09 1.21 0.89
10 1.29 1.09 1.23 0.85
11 1.28 1.10 1.21 0.84
12 1.29 1.06 1.22 0.86
13 1.30 1.11 1.22 0.86
14 1.29 1.12 1.22 0.85
15 1.29 1.08 1.22 0.85
16 1.29 1.08 1.22 0.84
17 1.29 1.08 1.22 -
18 1.29 -  
Values are based on the cured leaf weight per hectare (kg/ha) in the Virginia and Burley varietal groups that were 
grown in southern Brazil during the 2009-2010 season.

Table 9. Ratio between sites by inbred interaction quadratic components (Vt) and the tobacco inbred component 
(Vi) and the respective standard deviation ratio with varied numbers of sites.
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In light of the above, it is not necessary to use 17 sites. For good security, six to eight 
locations would be sufficient to accurately recommend a line. A key question is which loca-
tions should be chosen. Considering the AMMI model and the analysis of variance, loca-
tions 5 (Seberi, RS), 7 (Marmeleiro, PR), 9 (Marechal Cândido Rondon, PR), 11 (Marechal 
Cândido Rondon, PR), 15 (Alegre do Marco, SC), 17 (Abelardo Luz, SC), 19 (Campo do 
Tenente, PR), and 22 (Rio Negro, PR) may be identified because they include all three states 
of the southern region of Brazil and would thus allow recommendations for the entire region 
that grows this tobacco varietal group. This choice was based on the fact that it was possible 
to discriminate the lines in these sites; that is, the difference among the lines is expressed 
and the lines are distant on the biplot graph. Sites like numbers 1, 4, 18, and 20 would be 
chosen because of their distance from the graph origin; however, in these locations, it was 
not possible to discriminate the evaluated lines (Figure 1 and Table 2).

The results for the Virginia varietal group were quite similar to those described for 
the Burley group. In the joint analysis of variance, the line by location interaction was sig-
nificant. In this group, which included 18 sites, it was only possible to detect a significant 
difference among the lines in nine sites (P < 0.05) (Table 2).

When analysis of variance was conducted on pairs of sites, wide variation was ob-
served in the estimates of the interaction mean square (Table 3). All interactions were sig-
nificant for pairs involving site 21, whereas the interaction was significant (P < 0.05) in only 
two of the pairs involving site 13. As expected, site 21 contributed the most to the interac-
tion by the estimate of ecovalence, and sites 13 and 15 contributed the least (Table 6).

When the AMMI model was applied to the stability experiments involving the 
Virginia group (Table 5), the F-test was significant (P < 0.01) in only the first two principal 
components. These two components explained 67.2% of the variation, which was very 
similar to the result that was obtained for the Burley varietal group. The biplot representa-
tion shows that the results coincided with those already mentioned. In other words, sites 
4 and 21 were among those that most contributed to the interaction. Site 13 was situated 
nearest to the origin and, therefore, contributed the least to the interaction. In this case, 
other sites of the Virginia varietal group were also situated near the origin, including sites 
3, 7, 10, 15, and 18 (Figure 2). These sites also contributed little to the interaction by the 
ecovalence estimate.

Through simulation, the identification coincidence of the best line was evaluated 
considering 2000 cases. Although the coincidence values were slightly inferior to those 
obtained in the Burley group, the values were high. With two environments (153 situations), 
the identification coincidence of the best line relative to 18 sites among the three best lines 
was 81%, while the best line was identified as the best line in 40% of cases. Considering 
seven sites, the best line was among the three best lines in 78% of the cases. It was also 
observed that the Vt / Vi ratio was very similar to that observed for the Burley varietal group. 
Here also, the Vt / Vi ratio was practically unchanged by the number of sites involved in 
the joint analysis. The locations for carrying out future VCU evaluations should be chosen 
considering the discrimination of the lines, the contribution to the interaction, and the im-
portance of the crop in the southern region of Brazil. In practice, sites 1 (Vale do Sol, RS), 4 
(Fontoura Xavier, RS), 5 (São Lourenço do Sul, RS), 11 (Agronômica, SC), 12 (Taió, SC), 
16 (Rio Negro, PR), 17 (Rio Negro, PR), 20 (Campo do Tenente, PR), and 21 (Rio Negro, 
PR) should be chosen for analysis.
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CONCLUSIONS

Our results are very similar for both tobacco varietal groups. There is no advantage 
of using a large number of sites for VCU experiments in the southern region of Brazil. Many 
sites contributed little to the interaction or did not allow the lines to be discriminated. Using 
a few sites, the classification of the best lines was very similar to that obtained using the total 
number of evaluated sites.
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