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gj, the jth genotypic effect;
b,i, the rth block effect in the ith environment
£gij, the genotype x environment interaction effect; and

ejjr, the experimental error.

For character with significant GE interactions, adaptation and stability
parameters were computed. A statistical technique developed by Finlay and Wil-
kinson (1963) then modified by Eberhart and Russell (1966) was used in this
study. The model used was:

Yy = # + bilj + o

where:
Yij, the mean of the ith variety at the jth environment;
i, the mean of the ith varieiy over all environment;

bi, the regression coefficient that measures the response of the ith variety to
the jth environment ;

I, the environmental index estimated as the difference between the mean of
all the varieties at the jth environment and grand mean, with [ =0

ajj, the deviations from regression of the i variety at the jth growing
condition.

The environmental index was considered as an independent variable and the yield
as the dependent variable. The analysis of variance form when adaptability and
stability parameters were estimated is given in Table 1.

Adaptation analysis. The adaptation parameter (b), the regression coefficent,
was estimated as follows:

b; = EY I/Er (Eq. 9

When b<1.0 a variety is adapted to unfavorable environment, b>>1.0, variety is
adapted to favorable environments; and b = 1.0, a variety is either poorly or well
adapted to all environments, depending upon the variety mean yield.

Stability analysis. The stability parameter cons1dered was the combination
of b-value and mean square deviation from regression (sd) as propoased by Eberhart
and Russell (1966). sd was computed using the following formula:

s = [Fayl(e2)] -2 (Eq. 5)
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Giving equal importance to the five traits, the percent increase in cv was
averaged to compare the different plot allocations. Reducing the number of replica-
tions from 4 to 3 and maintaining 7 locations and 2 years gave an average of 4.15%
increase in cv for all traits and a reduction from 56 to 42 plots. Given 4 replications
and 2 years and reducing 7 locations to 6, there was an average increase of 6.19%
and this supports the relatively large effect of reducing locations rather than repli-
cations. For the 5 parameters, the increase in the standard error of 3 replicates,
6 locations, 2 years had an average of 10.0% with plots reduced from 56 to 36 or
20 plots cheaper. The same result was found by Bonilla (1983) in a blank test
where the optimum number of replications was 3 using Smith’s index of soil hete-
rogeneity (b) with 10% degree of precision,

The last combination is 3 replicates, S locations, and 3 years with an average
increase of 2.22%, the smallest increase from the actual allocation and a reduction
from 56 to 45 plots. Increasing the number of years at 3 replicates and reduction
to 5 locations would mean a decrease in variance of variety mean for leaf width
(2.04%) and plant height (1.48%).

The relative efficiencies discussed did not directly consider the cost because
the total number of plots reflects the relative cost of gathering the necessary data,
The 3 replications, 6 locations and 2 years gave a slight increase in the coefficient
of variation or an average of 10% for the five characters and its recommendation
can be justified because of a reduction of one-third in the total number of plots. .

Set II: Fixed Model

Environment and genotype main effeets were highly si¢nificant for all charac-
ters. Significant GE interaction were found for all traits except for leaf width and
length. Partitioning of the genotype x environment sum of squares based on Eber-
hart and Russell (1966) analysis to sum of squares due to regression and due to
deviation from linearity of response from mean sum of squares for traits with
significant GE interaction is presented in Table 4.

Adaptability analysis

Table 5 presents the mean value and b-value of the 6 varieties for cured yield,
However, no b-value was significantly different from 1.0 (see Fig. 6) hence, all
varieties were adapted to all environments with respect to their yield potential,

The mean grade index of the 6 tobacco varieties and their b-values are sum-
marized in Table 6. Within this range of b-values, it can be detected that Coker 258
was adapted only to favorable environments (Fig. 7) and the rest of the varieties
had adaptability to any kind of environment.

The varieties flowered at different times of the season. Balikbayan was a
late flowering variety while Coker 86 was an early flowering one (Table 7). The
regression lines of the 6 varieties is shown in Fig, 8.















Bonilla, Genotype-Environment Interaction in Tobacco 381

Table 6. Summary of variety means, adaptation and stability parameters for log grade index
of 6 tobacco varieties grown at 12 environments (Set lI)1

Mean Staendard deviation
Variety performance Adaprability Jrom regression Classification
{tons/ha) (b-values)’™ (53!

Balikbayan 4.282 6105 2.32x 103" unstable
NCBY 3. 94b 8981 46 x1074 stable
Reams 266 3.86b 6962 1.92x 103" unstable
Coker 86 3.17d 1.0378 7.2 x10~% stable
Coker 254 3.66¢ 1.0746 32 x10-3*" unstable
Coker 258 3.63¢ 1.6810% 6.02x 10 3** unstable

lAny two means having a commeon letter are not significantly different at the 5% level of
significance,

G — sipnificantly different from 1.0 at 5% level.

* and ** _ gignificantly differcnt from zero (0 at 5% and 1% level, respectively).

With respect to plant height, the analysis showed that all tobacco varicties
studied were considered to be adapted to all environments (Table 8). The environ-
mental indices for plant height are shown in Fig, 9.

The analysis for number of harvestable leaves showed that all varieties were
adapted to all environment except for Coker 258 which was adapted to favorable
environment only (Table 9). The population mean and the regression lines for the
6 tobacco varieties are shown in Fig. 10,

For the five parameters with significant GE interaction, all the varieties were
adaptable to any kind of environment or to a wide geographical area except for
Coker 258 for grade index and number of harvestable leaves. Considering cured
yield as a primary tobacco trait, the tobacco plant is adapted to any kind of environ-
ment. Such adaptation can be attributed to the fact that varieties used in this set
were materials for advanced testing and passed adaptation requirements of pre-
liminary and general tests.

Stability analvsis

Table S shows that Balikbayan, NCBY, Reams 266 and Coker 258 were all
stable based on yield. Coker 258 although stable in yield was found to be unstable
for grade index (Table 6), NCBY and Coker 86 were found to be stable considering
grade index.

For days to flower, NCBY, Reams 266, Coker 254 and Coker 258 were found
to be stable while Balikbayan and Coker 86 were found to be unstable (Table 7),

In plant height, all varieties were stable except for Balikbayan which had
significant sg (Table 8). For number of harvestable leaves, sﬁ for all varieties were
not significantly different from zero (Table 9). All varieties were stable except
Coker 258 which had s3 equal to 0 and b greater than 1.0,
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mean decreases. The increment in the decrease of variance decreased when it
reached the optimum plot allocation, Substantial reduction in variance from
addition of a single year for a given number of replication and location reduces the
expected variance more effectively than increasing the number of replication,

Several plot allocations were compared to the PTRTC testing procedure (4
replications, 7 locations and 2 years), Giving equal importance to the five para-
meters, the acceptable optimum plot allocation for tobacco varietal testing would
be 3 replications, 6 locations for 2 years but a reduction of plots from 56 to 36
(20 plots reduced) and with an average of 10% increase in cv from the PTRTC
procedure.

In the fixed model (set II), the adaptation and stability for all traits with
significant GE interaction was estimated. All of the tobacco varieties were highly
adaptable to a wide range of environment except for Coker 258 which is adaptable
only to faverable environments considering grade index and number of harvest-
able leaves,

An ideal genotype is one with maximum yield potential, adaptable to a wide
range of environment and stable. NCBY met this criteria considering cured yield,
grade index and number of harvestable leaves and was therefore re¢commended as
the check variety for PTRTC varietal improvement trials.
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