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ABSTRACT 
 

Increasing yield (grain and straw) without sacrificing yield stability is a major challenge for barley 
breeding. Combined analysis of variance displayed highly significant variances due to all sources of variation 
for grain and straw yield traits.For both studied traits, Hossienia location was the top yielder followed by El-
Serw and Nubaria locations.Values of environmental index indicate significant variations across the six 
environments for the studied traits.Pooled analysis of variance and stability analysis were performed.The 
stability analyses of variance were significant except the pooled deviation mean squareswhich were 
insignificant. Highest mean grain and straw yieldswere obtained forLine 4 followed by Line 1 and Line 2 and 
the lowest were forLine 5. Line 5 and Line 4 had lower phenotypic variance (σ2

P) and coefficient of variation 
(C.V. %), respectively, than other genotypes for the two studied traits. Line 4 had a regression coefficient (bi) 
equal to unity for grain yield. In generally, Line 4, Line 1 and Line 2 had close to unit bi value with small 
deviation from regression (S2

d) value and higher mean in terms of stability.The bi of each genotype was highly 
significantly and positively correlated withσ2

P for the two studied traitsand with C.V.% for straw yield 
trait.While, the C.V.%had a significant and highly significant positive correlation with σ2

P for grain and straw 
yields traits, respectively, and showed highly significant and positive correlation with S2

d for grain yield trait. 
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Introduction 

 
Barley (HordeumvulgareL.) is one of the most important cereal crops being used in making bread 

inmixtures with wheat flour, beverages, malting and brewing industry, animal feeding and many other uses,in 
many countries around the world. (Leistrumaitë and Paplauskienë, 2005). 

Barley breeders aimed to develop varieties which perform relatively well acrossthe target regions. However 
the presence of genotype x environment interaction (GEI) hinders selection progress.A genotype grown in 
different environments will frequently show significant fluctuations in yield performance. The GEI reduces the 
genetic progress in plant breeding programs through minimizing the association between phenotypic and 
genotypic values (Comstock and Moll, 1963). The changes are influenced by the different environmental 
conditions and are referred to as GEI (Allard and Bradshow, 1964). Lin and Binns (1988) defined adaptation as 
yield consistency in space while yield stability represents consistency of genotype performances over time. 
Hence, GEI must be either exploited by selecting superior genotype for each specific target environment or 
avoided by selecting widely adapted and stable genotype across wide range of environments (Ceccarelli, 1989). 
To mitigate this problem, stratification of environments and multi environment trials are necessary to identify 
adapted and high yielding genotypes (Basford, and Cooper, 1998). As barley can be grown in a wide range of 
varied edaphic and environmental conditions, they are known to exhibit high degree of GEI (Rohmanet al., 
2010). 

Stability of grain yield performance is an important characteristic in the selection of new crop varieties. 
Different mathematical models were developed for analysis of varietal grain yield stability. Several methods 
have been proposed for measuring the stability performance of varieties.Finlay and Wilkinson (1963) proposed 
one useful technique for adaptation in barley. Linear regressions of the mean yield of individual varieties on 
mean yield of all varieties, for each site and season, were used as a measure of stability. Eberhart and Russel 
(1966) developed a statistical model for measuring stability parameters of a variety across a series of 
environments. Their model calculates an index for each of the environments. Regression coefficient and 
deviation from regression of a variety on the environmental indices, measure the response of varieties in various 
environments. According toEberhart and Russell (1966), a variety is said to be stable when regression 
coefficient (bi) is equal to one and deviation from regression (S2

d) as close to zero as possible with high mean 
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performance.Tai (1971) described another statistical approach for genotypic stability analysis. The genotype-
environment interaction effect of a variety is partitioned into two components, the linear response to 
environmental effects and the deviation from the linear response.Assessment of stability of a genotype under 
different environments is useful for recommending cultivars for known conditions of cultivation (Scapimet al., 
2000).Stability parameters are useful tools for identification of genotypes with specific and wide adaptations, 
and contrasting the role played by genotype, environment and GEI in multilocational variety trials (Bantayehu, 
2009).They enable us to estimate the genotype– environment interactions and to select the most valuable 
varieties or breeding lines (Leistrumaitë and Paplauskienë, 2005). The present investigation was carried out to 
assess the magnitude of grain yield GEI, the stability of performance, environmental indices and correlations 
among the stability parameters for eight barley genotypes under varied environments in Egypt. 

 
Materials And Methods 
 
Field experimentations: 

 
The experimental material consisted of eight barley genotypes (Table 1). Six field experiments (3 locations 

and 2 years) were carried out during 2009/2010 and 2010/2011growing seasons. The experiments were 
evaluated at three different locations in Egypt (El-Serw, Hossienia and Nubaria). Randomized complete block 
design was used in the experiment with three replications (Gomez and Gomez, 1984). The experimental plot 
area was 10.5 m2 (3 m × 3.5 m). Each plot was 15 rows, spaced 0.20 m apart. Grain and straw yieldswere 
obtained from thefive interior rows in each plot. Plots were harvested using sickle. The grains were cleaned and 
weighed to determine grain yield.  
 
Statistical analysis and procedures: 

 
The data were evaluated statistically as described by Eberhartand Russell (1966), where stability was 

defined as a function of slope and deviations from regression of entry yield on the environmental index. The 
environmental index was calculated as the mean of all the eight barley genotypes at each environment by 
subtracting the grand mean. Year, location, replication, and their interactions were considered as random effects, 
while genotype was a fixed effect (Comstock and Moll, 1963). Correlation analysis was used to study the 
relationship between mean yield per se and stability parameters, as well as between studied stability parameters. 
Correlation coefficients were compared against tabulatedr-values given by Fisher and Yates (1953) at (n-2) 
degrees of freedom at the probability levels of 0.05 and 0.01 to test their significance. 

 
Table 1: Pedigree, cross name and origin of the eight barley genotypes. 

No. Genotypes Cross Name Pedigree Origin 
1 Line 1 Nigrate /5/w/2198 /4/ Attiki//Avt/Toi/82/Vt(sel.2.2)  ICARDA 
2 Line 2 Alanda- 02/4/ Arizona5908/Aths//Asse/3/F208- 74/5/Alanda/3/ 

C1o8887/C105761//lignee640 
 ICARDA 

3 Line 3 Alanda/3/C108887 /Clo5761//Lignee640/4/Alanda/Lossalka  ICARDA 
4 Line 4 U.Sask.1766/Api//Cel/3/Weeah/4/Giza121/Pue  ICARDA 
5 Line 5 Giza119/5/ROD586/Nopl "S"/3/PmB / Aths // Bc/4/F2 CC33 MS/ 

Cl0755 
EgSk01/02no.885-2-1-2 EYGPT 

6 Line 6 Giza119/5/ROD586/Nopl "S"/3/PmB / Aths // Bc/4/F2 CC33 MS/ 
Cl0755 

EgSk01/02no.885-2-1-3 EYGPT 

7 Giza 123 Giza 123  EYGPT 
8 Giza 2000 Giza 2000  EYGPT 
 

Results And Discussion 
 
Combined analysis of variance: 

 
Combined analysis of variance for grain and straw yields traits is presented in Table (2).Variances due to 

years (Y), locations (L), the first order interactions (G x L, G x Y and Y x L) and the second order interaction (G 
x L x Y) were highly significant for grain and straw yields traits, suggesting differential responses of the 
genotypes, the difference between genotypes in different environments and the need for stability 
analysis(Bahramiet al., 2008). Rohmanet al. (2010) cleared that, meansquare due to locations (L), years (Y), 
their interaction (L × Y), genotypes (G), interactions of genotypes, locations and years (G × L), (G × Y), (G × L 
× Y) were significant for both characters studied, indicating considerable variability among the genotypes across 
locations and years .Very significant differences in grain yield existed among the years of investigation(Djekicet 
al., 2012).Bolandiet al. (2012) mentioned that combined analysis showed a significant difference at the 1% level 
of grain yield in barley. 
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Table 2: Combined analysis of variance for grain and straw yields based on two year data from three locations in Egypt. 

S.O.V 
d.f Mean squares 

Grain yield Straw yield 
Years (Y) 1 13.18** 0.77** 
Locations (L) 2 44.92** 4.06** 
 Y x L 2 194.66** 15.82** 
Replications (Y x L) 12 9.23** 0.68** 
Genotypes (G) 7 36.98** 1.19** 
G x Y 7 1.25** 0.07** 
G x L 14 0.41** 0.03** 
G x L x Y 14 1.21** 0.08** 
Error 84 0.03 0.01 

** = Significant at 1% probability level.       
 
Mean performance of genotypes: 

 
Grain and straw yields of the studied genotypesaveraged across the six environments (two years and three 

locations) are illustrated in Tables (3 and 4). Differences in grain yield and straw yield performances of the 
studied genotypes were detected in different years and locations.Mean grain and straw yields for the six 
environments ranged from 7.12 to 16.52 ardab/fed and from 2.23 to 4.41 ton/fed, respectively.Location 
Hossienia(12.65 ardab/fed and 3.64ton/fed) had the highest mean values,and has been considered the best 
environment for barley production, followed by locations El-Serw(11.29 ardab/fed and 3.26ton/fed) and Nubaria 
(10.66 ardab/fed and 3.07ton/fed) for grain and straw yields traits, respectively. The differences in grain and 
straw yields are due to favorable and unfavorable environmental conditions. Since the interaction of genotype, 
year and place had been signified, the application of combined variance analysis and mean comparison based on 
calculated error was not sufficient. Therefore, in order to specify variety adaptation degree and classifying, 
different methods of stability analysis were used (Bahramiet al., 2008). 
 
Table 3: Means and estimates of environmental index (E.I.) of the various locations for grain yield (ardab/fed) of eight barley genotypes  
              during 2009/2010 – 2010/2011 seasons. 

Locations El-Serw Hossienia Nubaria 
Seasons 

Genotypes 
2009/2010 2010/2011 2009/2010 2010/2011 2009/2010 2010/2011 

Line 1 13.74 10.08 15.20 11.52 9.51 13.03 
Line 2 13.53 10.05 14.62 11.59 9.22 13.10 
Line 3 11.62 9.88 12.81 10.31 7.87 12.13 
Line 4 15.67 12.13 16.52 14.35 11.26 14.99 
Line 5 10.52 7.78 11.30 8.63 7.12 9.35 
Line 6 13.16 8.76 14.08 12.15 7.85 13.96 

Giza 123 12.52 9.71 13.54 9.98 8.45 11.96 
Giza 2000 12.29 9.24 13.10 11.27 7.88 12.92 

Mean 12.88 9.70 13.90 11.22 8.64 12.68 
Grand mean 11.29 12.56 10.66 

E.I. 1.38 2.39 -2.86 -1.80 -0.28 1.17 
 
Table 4: Means and estimatesof environmental index (E.I.) of the various locations for straw yield (ton/fed) of eight barley genotypes  
              during 2009/2010 – 2010/2011 seasons. 

Locations El-Serw Hossienia Nubaria 
Seasons 

Genotypes 
2009/2010 2010/2011 2009/2010 2010/2011 2009/2010 2010/2011 

Line 1 3.97 2.96 4.34 3.44 2.75 3.80 
Line 2 3.79 2.79 4.11 3.37 2.54 3.70 
Line 3 3.36 2.81 3.65 3.10 2.24 3.45 
Line 4 4.19 3.24 4.41 3.85 2.95 3.95 
Line 5 3.36 2.56 3.55 2.79 2.29 3.04 
Line 6 3.77 2.59 4.12 3.46 2.29 4.00 

Giza 123 3.68 2.89 3.95 3.05 2.54 3.49 
Giza 2000 3.64 2.61 3.77 3.24 2.23 3.78 

Mean 3.72 2.81 3.99 3.29 2.48 3.65 
Grand mean 3.26 3.64 3.07 

E.I. 0.40 0.67 -0.84 -0.52 -0.03 0.33 
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Environmental indices: 

 
The environmental index was calculated as the mean of all the eightbarleygenotypes at each environment 

by subtracting the grand mean (Tables 3 and 4). Estimates of environmental index varied from -2.86 to 2.39 and 
from -0.84 to 0.67 indicate significant variations across the six environments for grain and straw yields traits, 
respectively. The environmental index showed that some environments werefavorable and some environments 
wereunfavorable for the two traits.The variable response of the two studied traits to these weather conditions is 
evident from the fact that El-Serw location during the twoseasons and Nubaria location during 2010/2011season 
werefavorable for grain and straw yields traits, respectively.While, Hossienia location during the two seasons 
and Nubaria location during 2009/2010wereunfavorable for the two studied traits.It is evident from the 
environmental indexthat an environment which was good for a trait was poor for another. Even though a plant is 
a single development unit but different traits get expressed in different phases and drought conditions at the 
beginning, middle or end of the crop season affect the expression of the traits differently (Raturiet al., 2012). 

  
Stability analysis: 
 
1- Analysis of variance: 

 
Pooled analysis of variance for the two studied traits across six different locations is presented in the Table 

5. Pooled analysis of varianceindicatedhighly significant mean squares for the two studied traits of genotypes 
(G) and environments (E). While, the GEIvariance was insignificant for the two studied traits. Significant 
genotypes variance indicated the presence of large amount of variability in the material chosen for the 
study.Significant environments variance indicated the validity to conduct the experiment in these 
environments.Rohmanet al. (2010) stated that, the pooled analysis also indicated significant differences among 
the genotypes across environments for grain yield. Knowledge of environmental and cultivar classification helps 
to reveal several patterns of GEI. This was verified by ordination analysis of the GEI matrix. Grouping 
environments based on cultivar performance resulted in the separation of different types of environments 
(Yüksel and AkÇura, 2012). 

 
Table 5: Pooled analysis of variance of grain and straw yields of 8 barley genotypes grown in 6 locations in Egypt. 

S.O.V d.f Mean squares 
Grain yield Straw yield 

Genotypes (G) 7 36.99** 1.20** 
Environments (E) 5 98.47** 8.11** 

G x E 35 0.90NS 0.06 NS 
Error 96 1.19 0.09 

** = Significant at 1% probability level.NS = Non-significant. 
 
The stability analysis of variance (Table 6) revealed that mean squaresdue to genotypes and environment + 

(G x E) were highly significant for the two traits under study. This reveals that not only the amount of variability 
existed among environments but also the presence of genetic variability among the genotypes. Hence, the 
partitioning was done as per Eberhart and Russell (1966) model in order to know the magnitude of linear and 
nonlinear components of variations which provide information on predictable and unpredictable sources of 
variations respectively, contributing to GEI for the two studied traits. The mean squares due to G × E (linear) 
interactions were tested against pooled deviation (nonlinear) mean sum of square to find out significant effects 
due to genotype and environment separately. The variance due to environments (linear) and G X E (linear) were 
found to be significantly high for the two studied traits. These results manifested that genotypes respond 
differently to variation in environmental conditions and indicating existence of differences among the regression 
coefficients. However, the mean squares due to pooled deviation were insignificant for the two studied traits, 
indicating that the differences in stability were due to stability parameters studied. Furthermore, the variation in 
stability of different cultivars performances was mainly due to genotypes by environment interaction.Allard and 
Bradshaw (1964) suggested selection of stable genotypes that interact less with environments in which they are 
to be grown with a view to reduce the genotype x environment interaction to a considerable extent. Bahrami et 
al. (2008)andBahrami et al. (2009)reported that, the effects of all source of variation for stability analysis of 
variance have been highly significant except the pooled deviation.Farshadfaret al. (2012)stated that, the GEI 
effect accounted for 57.3% of total variation for grain yield, indicating that the GEI is more complex. 
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Table 6: Stability analysis of grain and straw yields of 8 barley genotypes grown in 6 locations in Egypt. 

S.O.V d.f Mean squares 
Grain yield Straw yield 

Genotypes (G) 7 12.33** 0.399** 
Environment + (G X E) 40 4.37** 0.355** 
Environment (Linear) 1 164.12** 13.509** 

G X E (Linear) 7 0.50** 0.041** 
Pooled Deviation 32 0.22NS 0.013NS 

Line 1 4 0.17 0.008 
Line 2 4 0.02 0.002 
Line 3 4 0.23 0.014 
Line 4 4 0.10 0.008 
Line 5 4 0.20 0.014 
Line 6 4 0.55 0.024 

Giza 123 4 0.23 0.014 
Giza 2000 4 0.23 0.021 

Pooled error 96 0.40 0.031 
** = Significant at 1% probability level.                 NS = Non-significant. 
 
2- Stability parameters: 

 
The above five measures of assessing the stability of genotype, viz., mean, phenotypic variance (σ2

P), 
coefficient of variation (C.V.%), regression coefficient (bi) and mean squares of deviation from regression line 
(S2

d) were employed for assessing the stability of genotypes included in the present study and the results for the 
two studied traits obtained are presented in the Tables (7 and 8). The stable genotypes are those interact less 
with the environments giving a near consistent performance across different environments. Eberhart and Russell 
(1966) model is the one which has been used in barley and in other crops by several workers.  

Grand mean of mean, σ2
P, C.V. %, bi and S2

d were 11.50 (ardab /fed). and 3.32 (ton/fed), 21.83 and 1.78, 
40.35 and 39.76, 1.00 and 1.00 as well as -0.08 and -0.02 for grain and straw yields traits, respectively. Four 
genotypes in mean, σ2

P and bi of each trait, three genotypes in C.V. %of each trait as well asfour and one 
genotypes in S2

dof grain and straw yields traits, respectively, gave higher values than the grand means for these 
corresponding stability parameters. 

 
Table 7: Estimates of stability and adaptability parameters of grain yield (ard/fed) for 8 barley genotypes across 6 environments.  

No.  
Lines/ 

Cultivars 

Mean grain yield 
(ardab/feddan) 

Phenotypic 
Variance 

(σ2
P) 

Coefficient of 
variation (C.V.%) 

Regression 
coefficient (bi) 

Deviation from 
regression (S2

d) 

1 Line 1 12.18 24.29 40.46 1.07 -0.22 
2 Line 2 12.02 22.16 39.17 1.04 -0.37 
3 Line 3 10.77 16.16 37.33 0.86 -0.17 
4 Line 4 14.15 21.11 32.47 1.00 -0.29 
5 Line 5 9.12 12.81 39.27 0.76 -0.19 
6 Line 6 11.66 36.58 51.87 1.29 0.16 
7 Giza 123 11.03 18.91 39.43 0.94 -0.17 
8 Giza 2000 11.12 22.61 42.78 1.03 -0.16 

Mean 11.50 21.83 40.35 1.00 -0.18 
 
Table 8: Estimates of stability and adaptability parameters of straw yield (ard/fed) for 8 barley genotypes across 6 environments.  

No.  
Lines/ 

Cultivars 

Mean grain yield 
(ardab/feddan) 

Phenotypic 
Variance 

(σ2
P) 

Coefficient of 
variation (C.V.%) 

Regression 
coefficient (bi) 

Deviation from 
regression (S2

d) 

1 Line 1 3.54 1.88 38.66 1.04 -0.02 
2 Line 2 3.38 1.85 40.16 1.04 -0.03 
3 Line 3 3.10 1.32 37.02 0.87 -0.02 
4 Line 4 3.77 1.57 33.30 0.95 -0.02 
5 Line 5 2.93 1.14 36.45 0.80 -0.02 
6 Line 6 3.37 2.91 50.57 1.29 -0.01 
7 Giza 123 3.27 1.40 36.26 0.89 -0.02 
8 Giza 2000 3.21 2.15 45.63 1.11 -0.01 

Mean 3.32 1.78 39.76 1.00 -0.02 
 
The maximum means (14.15 ardab/fed and 3.77 ton/fed) were produced by line 4 followed by line 1 (12.18 

ardab/fed and 3.54 ton/fed), line 2 (12.02 ardab/fed. and 3.38 ton/fed.) and line 6 (11.16 ardab/fed and 3.37 
ton/fed) for grain and straw yields traits, respectively.This suggested that these genotypes are well adapted to all 
the six locations for these traits. In contrast, the minimum means (9.12 ardab/fed and 2.93 ton/fed) were 
produced by line 5 for same previously traits, respectively. This result indicated that the two genotypes were 
poorly adapted to all locations. 
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The σ2

Pexhibited that, the Line 6 gave the highest estimate, while, the lowest estimates were recorded for 
Line 5 in the two studied traits. Although some genotypes with very close average yield had different 
phenotypic variances. This closer magnitude suggested that the greater role of variability is due to the 
environment conditions.The Line 4 had lower C.V. % than other genotypes for the two studied traits. The Line 6 
had the highest values of C.V.%. According to these parameters a genotype is stable with minimum value of 
within genotype variance and coefficient of variation. Therefore, the Line 4 and Line 5 seem to be stable across 
all the environments as they acquire minimum values of both two parameters than other genotypes. The σ2

P and 
C.V.%parameters depend on the diversity of the environments in the experiments. If environments are quite 
diverse then these measures may not be very meaningful. However, if the range of environments could not be 
very restricted, then these support broad base inference (Line et al., 1986). Bolandiet al.(2012)studied the 
compatibility and stability of grain yield in tropical and subtropical regions using C.V.%and identified the most 
stable and high yielding varieties among the genotypes studied. 

The regression coefficient (bi) values of the eight genotypes used in this study exhibited no genotype with 
b-values equal to 1.00 for the two studied traits except the Line 4 for grain yield trait. The bivalues of Line 1 and 
Line 2 for the two studied traits, Giza 123 and Giza 2000 for grain yield and Line 4 for straw yield were close to 
unity. Hence, these genotypes may be considered as stable genotypes. Line 1, Line 2, Line 6 and Giza 2000 with 
bi higher than one were found. Regression values above 1.00 describe genotypes with higher sensitivity to 
environmental change (below average stability) and greater specificity of adaptability to high yielding 
environments. The yields of these lines were significantly affected by varying environmental conditions and 
yields increased when the conditions were adequate and decreased to below average when the conditions were 
inadequate. 

Deviations from regression recorded the lower values for straw yieldthan grain yield trait. In general, all 
studied genotypes gave low S2

d values as small as possible, which show better stability and specific adaptation 
to favorable environments.Baker (1988) considered S2

d to be the most appropriate criterion for measuring 
phenotypic stability in an agronomic sense, because this parameter measures the predictability of genotypic 
reaction to environment; with high and desirable per se performance of a variety across environments is also a 
positive point to rate the variety as a better and highly stable genotype. 

Mutet al. (2010)studied the comparison of stability statistics for yield in barley and found that the 
genotypes with bi< 1 and low average yields were poorly adapted across environments and might have specific 
adaptation to harsh conditions. They added, the genotypes gave above average performance and had S2

das small 
as possible. Accordingly, these genotypes were the most stable cultivars for grain yield.Rohmanet al. (2010) and 
Bolandiet al.(2012)mentioned that, the genotypes had nearly unit bi value with small S2

d value and higher mean 
of yield/plant in terms of stability, indicating that this genotype had stable performance for yield in all the 
growing environments.Some genotypeswere identified as the best genotype in integrating mean yield with the 
highest stability performance (Farshadfaret al., 2012).  

Genotypes with high mean yield, a regression coefficient equal to the unity (bi = 1) and small deviations 
from regression (S2

d= 0) are considered stable (Finlay and Wilkinson, 1963 andEberhart and Russell, 
1966).Accordingly, Lines 4, 1 and 2 were the most stable for grain and straw yields in the present study because 
their regression coefficients were almost equal to unity, they had lower deviations from regression and they 
exhibited the highest mean values.In conclusion, several stability statistics thathave been used in this study 
quantified stability of genotypes with respect to either yield level, stability, or both. Therefore, both yield and its 
stability should be considered simultaneously to exploit the useful effect of GEI and to make selection of the 
genotypes more precise. 

 
Correlations among stability parameters: 

 
Correlation coefficients of stability valuesfor the six environments data are presented in Table (9).Highly 

significant and positive correlation of bi withσ2
P for yield and straw yields traits (r = 0.99) and with C.V % for 

straw yield (r = 0.88) were exhibited. Moreover, the C.V. %showed significant and highly significant and 
positive correlation with σ2

Pfor grain(r = 0.76) and straw(r = 0.91) yields traits, respectively, and highly 
significant and positive correlation with S2

d for grain yield trait (0.84).More correlations were observed in pairs 
of stability parameters for the two studied traits. The correlation matrix showed that most of them are highly 
significantintercorrelated, indicating that one can be used as a good alternative for the other in a genotype x 
environment interaction evaluation.Bantayehu (2009) reported that bi, σ2

P and C.V. % of environments were 
positively intercorrelated, indicating that any of these parameters can be used as a good alternative for stability 
evaluation. He added that, these stability parameters were positively correlated with mean yield of 
environments.  
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Table 9: Correlation coefficients between means and the studied stability parameters for grain and straw yields traits. 

Stability 
parameters 

Grain yield Straw yield 
σ2

P C.V.% bi S2
d σ2

P C.V.% bi S2
d 

Mean 0.41 -0.28 0.51 -0.23 0.31 -0.11 0.38 -0.38 
σ2

P  0.76* 0.99** 0.65  0.91** 0.99** 0.48 
C.V.%   0.68 0.84**   0.88** 0.65 

bi    0.53    0.39 
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