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Phenotypic stability of yield on varieties and lines of durum wheat (Triticum durum Desf.)

R. Dragov*, D. Dechev

Field Crops Institute, 6200 Chirpan, Bulgaria

Abstract. The yield is a key indicator in the plant breeding of crops. In recent years a number of new durum wheat varieties created in Field Crops Institute, 
Chirpan, Bulgaria, have been certified, which are prerequisites for the variety`s change in our country. The establishment of phenotypic stability of yield in the 
new varieties and advanced lines is of great importance if the interaction between genotype and environment has significant influence on the yield variation. 
This study includes 20 of our varieties and durum wheat lines to establish their phenotypic stability in yield. The experiment was conducted in the period 2011 – 
2013, on the fields of Field Crops Institute, Chirpan based on the standard technology of growing crops. Genotypes were tested in randomized block design 

2 2 2with four repetitions and size of harvested plot of 15 m . For the valuation of phenotypic stability parameters of Shukla (1972) are used – σ  and s  ecovalence  (i) (i),
2of  Wricke (1962) – w and the parameter for the yield and stability of Kang (1993) YS .  Also, PC - analysis and cluster analysis are used. The analysis of (i)  (i)

variance shows significant values to the variation of genotypes, environments and interaction between both factors, which allows us to identify the yield 
phenotypic stability of each participant in the experiment. The result of the study demonstrated significant interaction between genotypes and conditions of the 
year for yield. From the calculated parameters of stability the new lines D-7557, D-7877, M-6433, E-7724 and M-334 are the most promising for the breeding. 
They are characterized with high grain yield and good phenotypic stability. Our results reveal the opportunities to use some multivariate statistical methods (PC 
and cluster analysis) for assessment of yield stability.

Keywords: Phenotypic stability, analyses of variance, yield, durum wheat
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Introduction phenotypic stability, which are divided mainly into variance, 
regression, nonparametric and multivariate. Most of them are 
applied to durum wheat in the world and in our country (Dechev, The speed of the breeding process on quantitative traits 
2000; Dechev, 2002; Panayotova and Dechev, 2003; Rharrabti .et depends on the existence and magnitude of genotype-environment 
al., 2003; Dechev, 2004, 2004; Panayotova at al., 2006; Letta, 2007; interaction. As this reaction is greater, the selection of genotype by 
Nsarellah et al., 2011; Mohamed et al., 2013). All researchers point phenotype is more difficult. This is particularly important in the 
out that the interaction genotype by environment of the year occurs breeding for yield, because it is the most complex quantitative trait in 
most often in terms of yield in durum wheat. Recently several new crops. The main reason for the differences between genotypes (or 
durum wheat varieties created in Field Crops Institute, Chirpan were varieties of wheat as self-pollination crop) in the stability of the yield 
accepted by the Agency plant variety testing, approbation and seed is the interaction genotype – environment, as far as the expression of 
control and their cultivation by farmers in agriculture began.   genotypes depends on the specific environmental conditions in 

Simultaneously, a large group of advanced durum wheat lines which they are grown. Therefore, in the final of the breeding 
has completed the breeding process. This implies a deeper study of programs candidate varieties have to be tested in different 
the stability of their yield in different years and receiving a conditions and years (Becker and Leon, 1988). Evaluation of 
reasonable evaluation in this regard. The latter is also an aim of the phenotypic stability makes sense only if significant genotype 
present study. environment interaction exists (Hussein et al., 2000). There are 

many methods to assess the phenotypic stability of genotypes 
described in detail in several review publications (Hill, 1975; Lin, 
Binns and Lefkovitch, 1986; Becker and Leon, 1988; Kang, 1998; Material and methods
Ferrera et al., 2006, etc.). The term "stability" is sometimes used for 
the characterization of the genotype, which shows a relatively The study was conducted in the field of Field Crops Institute 
constant yield, independently of the changes of the environmental (FCI), Chirpan during the period 2011 – 2013. The year meteorology 
conditions. Based on this idea, genotype with minimal variance of conditions differed significantly in average monthly temperatures 
yield in different environments is considered stable. This kind of and unevenly precipitation distribution, leading to differences in 
stability can be defined as “biological” or “static” concept of stability season grain yield of durum wheat genotypes. The most favorable 
(Becker and Leon, 1988). Primitive varieties usually have such kind was 2011 and the worst – 2013. The study included 20 new varieties 
of stability. They are generally very resistant to stress factors and and advanced breeding lines of durum wheat. The yields are 
give low but constant yield in different environments. This concept of evaluated in competitive variety trials of the durum wheat breeding 
stability is unacceptable to many breeders and agronomists, who program of FCI. Field trials were realized as randomized block 

2prefer genotypes with higher average yield and the potential to design in four replications. The size of harvest plots was 15 m . 
respond positively to agricultural activities or better environmental Applied technology is adopted for growing durum wheat in Bulgaria. 
conditions, i.e. prefer “dynamic” or “agronomic” concept of stability. The predecessor was spring peas. ANOVA, PC, and Cluster 

There are various types of methods for evaluating the analysis were used for statistical processing of data. The program 
* e-mail: bachkatai@abv.bg
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package Statistica 7, (2004) was used. To calculate the parameters: 
sigma-square and S-square stability of Shukla (1972), Ecovalence 
of Wricke (1962), Kang's YS the program of Kang and Magari (i)  

(1995) was used.

Results and discussion

Average yields of grain per hectare of the included advanced 
lines and the new varieties of durum wheat are shown in Table 1. 
From the ANOVA, significant diversity among genotypes for yield 
has been shown by years. The average of all participants for a 
particular year can be taken as an assessment of the environmental 
conditions for this year. The average values of yield from three years 
of cultivation reveal that the years are too close in terms of 

the variation of the studied trait. According to the calculated sum of favorability. On the other hand, significant changes in the ranking of 
the squares of the individual sources of variation, we can point out genotypes in different years speaks about the presence of serious 
that the genotype contributes 22.7% to the total variance. The interaction genotype by environment. For example, the line in the 
environment (years) contribute less than 1% of variation that could first place with the highest average yield from the whole study D-
be expected also from the similar average yield values in the studied 7557 (4.91 t/ha) occupied ninth, respectively second and fifth place 
years. The variation of the yield is due to a greatest extent to the in the different years. 
interaction genotype - environment (38.6%). The existence of this The breeding lines D-7557, D-7877, M-6433 and D-7724 
phenomenon makes difficult the conducting of effective selection of showed the best grain yield among all studied genotypes (Table 1). 
genotype by phenotype for this trait. These results again The lowest yielding genotypes were lines D-7424, D-7440 and D-
demonstrate the crucial need to study the long-standing productivity 7535. Тhe standard variety Predel occupies sixth place backwards 
or the establishment of suitable statistical methods of phenotypic in regards to grain yield among all tested genotypes. This fact 
stability of yield in different environments in durum wheat. A similar reveals that the new breeding activity for productivity improvement 
conclusion is reached by other researchers of durum wheat as well has been developed successfully in recent years. An analysis of 
(Hill, 1975; Nsarellah et al., 2011; Mohamed et al., 2013). The high variance on the yield of the years was carried out (Table 2). The 
degree of influence and statistical significance of interaction results show that the studied factors: genotype, years of cultivation 
genotype-environment (years) allows us to conduct a study (environment) and interaction between both significantly affected 

 

Table 1. The grain yield of 20 genotypes of durum wheat
for three years (2011 – 2013)

Genotypes 2011, t/ha 2012, t/ha 2013, t/ha Mean

D-7424

-7440

-7535

Elbrus

-7208

Predel

-7281

Deqna

-7880

Zvezdica

-7742

Deni

М-561

М-417/1

М-398

М-334

-7724

М-6433

-7877

-7557

Mean ± SEM

D

D

D

D

D

D

D

D

D

4.34

3.68

4.48

3.90

3.60

4.51

4.00

4.74

4.35

4.87

3.73

5.40

5.34

4.54

3.85

5.03

4.00

3.76

4.88

4.28

4.36 ± 0.12

2.92

4.08

2.97

3.43

3.97

3.93

4.28

3.94

5.28

3.89

5.00

3.68

3.91

4.08

4.47

4.90

5.92

5.23

5.15

5.87

4.34 ± 0.19

3.88

3.54

3.92

3.39

4.26

3.70

4.47

4.31

3.50

4.55

4.60

4.27

4.18

5.00

5.32

3.90

4.04

5.06

4.61

4.58

4.30 ± 0.11

3.71

3.77

3.79

3.90

3.94

4.05

4.25

4.33

4.38

4.44

4.44

4.45

4.48

4.54

4.55

4.61

4.65

4.68

4.88

4.91

4.34 ± 0.08

Table 2. Analysis of variance of the yields in durum wheat 
genotypes in different environments (2011 – 2013)

** Significant at p<0.01, * Significant at p<0.05; 
ns – not significant

Source d.f. Sum of squares Mean

Total

Genotypes

Environments

Interaction

Heterogeneity

Residual

Pooled error

79

19

3

57

19

38

228

10807

4003

15

6789

2116

467

211*

    4.97**

119.1**
ns111

122.9**

102.1

Table 3. Stability parameters of yield in the years of
cultivation

** – Significant at P ≤ 0.01 ; ns – not significant

Genotypes 2σ (i)

2S (i) W(i) Mean

D

D

D

D

D

D

D

D

D

D

-7424

-7440

-7535

Elbrus

-7208

PREDEL

-7281

Deqna

-7880

Zvezdica

-7742

Deni

М-561

М-417/1

М-398

М-334

-7724

М-6433

-7877

-7557

146.9**

  14.8**

164.3**

  67.9**

  31.4**

  39.3**

  14.5**

  38.2**

220**

  67.8**

125.2**

213.5**

154.8**

  61.62**

168.68**

  95.6**

346.8**

195.3**

  11.6**

204.2**

221.8**

  21.8**

244.8**

  49.4**
ns  -3.5

   7.5**
ns  -4.6

  54.7**

203.1**

104.3**

131.7**

255.6**

149.6**

  45.9**
ns   -4.0
ns    0.8

510.5**

149.7**

  10.9**

309.3**

414.6

57.8

461.5

201.4

102.5

123.9

57.0

120.9

611.8

200.9

354.4

594.2

435.9

184.2

473.3

276.1

954.3

545.3

49.2

569.2

-10

-9

-8

-7

-6

-5

-3

-1

2

4+

5+

6+

8+

9+

10+

11+

12+

13+

14+

15+



206

evaluating the phenotypic stability of each durum wheat genotype first three parameters assessing only stability. On the other hand, 
included in the study. according to the parameter of Kang for simultaneous evaluation of 

2 yield and stability, which is essential for selection, breeding lines D-For calculation of a stability variance (σ ) according to Shukla 
7557, D-7877, M-6433, E-7724, M -334 and M-398 were determined (1972), output data for the yield of the analyzed genotypes were 
as the most valuable genotypes. processed with the computer program "Stable" by Kang and Magari 

2 Recently, for the classification of genotypes in breeding work (1995). The results obtained for the parameters of the stability σ   (i)
2 2 multivariate methods – cluster and PC analysis – are used more and S   of Shukla and W  of Ecovalence of Wricke (1962) together (i) (i)

often. The dendrogram of cluster analysis conducted for grouping with the parameter YS  of Kang and Magari (1995), are listed in (i)

varieties and durum wheat lines based on their yields in different Table 3. According to this data, the most stable for yield throughout 
years is given in Figure 1. As can be seen from the figure, two main the years was breeding line D-7877 followed by D-7281, M-334, M-
groups of genotypes were identified. Upon careful review of the 398 and D-7208. These genotypes show the lowest values for the 

Figure 1. The dendrogram of cluster analysis in durum wheat genotypes on yield and growing environment.
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Figure 2. PC – analysis of genotypes for years of 
cultivation
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genotypes coming to a smaller group of eight representatives, it can Plant Breeding, 101, 1-23.
be seen that here are all of the above mentioned most stable Dechev D, 2000. Production and stability of durum wheat genotypes 
genotypes (D-7557, D-7877, M- 6433, D-7724, M-334, M-398) with respect to the May temperatures and weather conditions. Plant 
according to the simultaneous assessment of Kang for yield  and Science, 37, 708-711 (Bg).
stability. This result reveals that cluster analysis can be successfully Dechev D, 2002. Phenotypic stability of yield varieties and lines in 
used in breeding work for grouping genotypes for yield and stability durum wheat. Scientific papers Agricultural University, Plovdiv, 
in the presence of appropriate data regarding yield and environment. XLVII, 2002, 41-46 (Bg).
Further, it is necessary the cluster collecting phenotypically stable Dechev D, 2004. Evaluation of certain signs and durum wheat 
genotypes with enough high yields to be determined. genotypes under conditions of different years. Plant Science, 41, 

The results of a PC analysis of data for grain yield in durum 495-498 (Bg).
wheat genotypes for years are graphically presented in Figure 2. Dechev D, 2004a. Stability and interactions of durum wheat 
According to Valkova and Dechev (2012), the most stable genotypes genotypes with the terms of the years in gluten and protein in the 
are in quadrants of positive values of the two main components, grain. Plant Science, 41, 248-251 (Bg).
which largely coincide with the results for assessment of stability Ferreira D, Demetrio C, Manly B, Machado A and Vencovsky R, 
according Shukla (1972) obtained by us. It is assumed that PC  is 2006. Statistical models in agriculture: biometrical methods for 1

evaluating phenotypic stability in plant breeding. Cern, Lavras, 12, connected to a linear variation in the effects of the genotypes and 
373-388.PC  – to a portion of the non-linear variation. However, it is known 2

2 2 Hill J, 1975. Genotype-environment interactions - a challenge for that the parameters for stability of Shukla – σ  and S are accepted in 
plant breeding. Journal of Agricultural Science, Cambridge an analogous manner. This should be considered when assessing 
University Press, 85, 477-493.the location of the points of genotypes in the figure. The disposition 
Hussein M, Bjorntad A and Aastveit A, 2000. SASG x ESTAB: a of the points of the studied durum wheat genotypes in the coordinate 
SAS program for computing genotype x environment stability system PC  to the grain yield (Y) is presented in Figure 3. Of greatest 1

statistics. Agronomy Journal, 92, 454-459.interests for the selection are the genotypes located in the upper 
Kang M, 1998. Using genotype-by-environment interaction for crop right (positive) quadrant of the coordinate system. The data 
cultivar development. Advances in Agronomy, 62, 199-252.presented in Figure 3. demonstrate that  genotypes D-7557, D-
Kang M and Magari R, 1995. STABLE: Basic program for 7877, M-6433, D-7724, M-398 and M-334 are the most valuable, 
calculating yield - stability statistics.variance parameters. Agronomy combining high yield and stability throughout the years.  This almost 
Journal, 87, 276-277.completely coincides with the results of parameter yield - stability 
Letta T, 2007. Genotype-environment interactions and correlation (YS (i)) of Kang and the corresponding group in cluster analysis. 
among some stability parameters of yield in durum wheat (Tr. Durum Therefore, PC analysis can be used successfully for evaluation of 
Desf) genotypes grown in South East Ethiopia. African Crop Science the phenotypic stability of genotypes by certain traits and allows 
Conference Proceedings, 8, 693-698.conclusions about their breeding value to be collected.
Lin C, Binns M and Lefkovitch L, 1986. Stability analysis: where do 
we stand? Crop Science, 26, 894-900.
Mohamed SH, Mohamed GI and El-Said RA, 2013. Stability 

Conclusion analysis for grain yield and its components of some durum wheat 
genotypes (Triticum durum L.) under different environments. Asian 

Statistically significant effects of genotypes (G), environments Journal Crop Science 5, 179-189.
(years) (E) and interaction between genotypes and environments (G Nsarellah N, Amamou A, Taghouti M and Annicchiarico P, 2011. 
x E) in general variation of yield in durum wheat are determined. The Adaptation of Moroccan durum wheat varieties from different 
highest percentage of contribution to the variance is the interaction breeding years. Journal of Plant Breeding and Crop Science, 3, 34-
genotype - environment (38.6%). This shows the strong importance 40.
of the interaction between genotype and conditions of the year on Panayotova G and Dechev D, 2003. Genotype - by - Nitrogen 
the yield of durum wheat. Interaction for Yield in Durum Wheat. Bulgarian Journal of 

Cluster analysis can be successfully used in breeding work for Agricultural Science, 9, 173-178.
grouping genotypes for yield and stability if appropriate data Panayotova G, Dechev D and Valkova N, 2006. Yield stability of 
regarding yield and environments are available. Further, it is durum wheat genotypes at nitrogen fertilization. Eco-konferentsja, 
necessary the cluster collecting phenotypically stable genotypes Novi Sad, Saffe food, I, 381-386
with enough high yields to be determined. PC analysis can be used Rharrabti Y, Garcia Del Moral LF, Villegas D and Royo C, 2003. 
successfully to evaluate the phenotypic stability of genotypes by Durum wheat quality in Mediterranean environments III Stability and 
certain traits and allows conclusions about their breeding value to be comparative methods in analysing GxE interaction. Field Crops 
collected. The most valuable are the genotypes within the quadrant Research, 80, 141-146.
of positive values of PC-1 and PC-2 simultaneously. The breeding Shukla G, 1972. Some statistical aspects of partitioning genotype - 
lines D-7557, D-7877, M-6433, D-7724, M-398 and M-334 are the environmental components of variability. Heredity, 29, 237-245.
best achievements of our contemporary durum wheat breeding Statistica 7, 2004. StatSoft. Inc.
program, combining high yield and phenotypic stability throughout Valkova N and Dechev D, 2012. Use of PC-analysis to assess the 
years. phenotypic stability in cotton. Field Crop Studies, 8, 1-96 (Bg).

Wricke G, 1962. Uber eine Methode zur Erfassung der 
okologischen Streubreite in Feldversuchen. Z. Pflanzenzucht, 47, References
92-96.

Becker H and Leon J, 1988. Stability analysis in Plant Breeding. 
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
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