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Fourteen landraces of tomato (Lycopersicon esculentum Mill.) were grown for three successive years; 
2011-2012 and 2013 at Scientific Agricultural Research Center of Dara'a,  GCSAR, Syria to estimate the 
magnitude of genotype-environment interaction and phenotypic stability for number of primary 
branches per plant, number of fruits per plant, fruit average weight (g) and fruit yield per plant (kg). For 
a given characteristic, a desirable,  widely adaptable and stable genotype was defined as one with an 
individual mean performance greater than the grand mean, a regression coefficient (bi = 1), and 
deviation mean squares (S2di = 0). Mean squares due to genotypes (landraces), environments (years)
 and genotype-environment interaction were highly significant (P ≤ 0.01) for most of the characteristics 
studied. The genotype-environment interaction (linear) components along with pooled deviation were 
significant for number of fruits per plant; suggesting importance of both linear and non-linear 
components in building up total G x E interaction. Five landraces;  20198, 20292, 20339, 20364 and 20402 
were considered high yielding, performance stable and suitable for all environments for fruit yield. 
While only one landrace 20303 was considered high yielding, stable and specifically adapted under 
favorable or rich environments. These landraces may be exploited for commercial cultivation in tomato
 growing areas of Dara'a Governorate after an extensive testing concerning quality characteristics. 
 
Key words: Adaptability, fruit yield, landraces, regression coefficient, stability , yield components. 

 
 
INTRODUCTION 
 
Tomato is one of the most important vegetable crops 
grown throughout the world. It is a rich source of vitamins 
and minerals and consumed as fresh or in processed 
forms (Ram, 2005). World acreage of tomato is more than 
4.7 million hectares and in Syria tomato  occupied an 
area of about 16675 hectares spreading over all the 
governorates with an  average fruit yield 69.27 ton/ha 
(FAOSTAT, 2011). Multi-environment trials are conducted 
to evaluate yield stability performance of genetic 
materials under varying environmental conditions  (Yan 
and Rajcan, 2002). The relative performance of 
genotypes for quantitative characteristics such as yield 
and other characteristics, which influence yield vary from 
an environment to another. Consequently, to develop a 
genotype with high  yielding  ability  and  consistency,  
high attention should be given  to the importance of stable 
performance for the genotypes under different 
environments and their interactions which had important 
bearing on breeding for better varieties buffering (Allard 

and Bradshow, 1964). Kang (1998) mentioned that gene 
expression is subject to modification by the environment; 
therefore, genotypic expression of a phenotype is
 environmentally dependant. Stability in performance of a 
genotype over a wide range of environments is a 
desirable attribute and depends largely upon magnitude 
of genotype- environment interaction (Ahmad et al., 
1996). For stabilizing yield, it is necessary to identify the 
stable genotypes suitable for a wide range of 
environments. To identify such genotypes, genotype-
environment interactions are of major  concern  for  a  
breeder,  because  
such interactions confound the selection of the superior 
cultivars by altering their relative productiveness in 
different environments (Eagles and Frey, 1977). Stability 
analysis is a good technique for measuring the 
adaptability of different crop varieties to varying 
environments  (Morales et al., 1991). 

Several  methods   have  been  proposed  to  analyze 
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genotype-environment interactions and phenotypic 
stability (Becker and Leon, 1988; Piepho, 1998; Truberg 
and Huhn, 2000). These methods can be divided into two 
major groups; univariate and multivariate stability 
statistics  (Lin et al., 1986). Joint regression is the most 
popular among the univariate methods because of its 
simplicity of calculation and application (Becker and 
Leon, 1988), and it provides a conceptual model for 
genotypic stability (Romagosa and Fox, 1993). 
Genotype-environment  interaction and phenotypic 
stability of tomato have been formerly studied by several 
researchers including Panthee et al. (2012), Hosamani 
(2010), Shalini (2009), Mandal et al. (2000), Ortiz and 
Izquierdo (1994). The objectives of the research reported 
in this paper were to  examine the magnitude of 
genotype-environment interaction over three 
environments (years) for fruit yield and its components in 
tomato landraces and to characterize these landraces for 
adaptability and stability. 
  
 
MATERIALS AND METHODS 
 
Fourteen landraces of tomato (L. esculentum Mill.) 
obtained from the Bank of Genetic Resources, GCSAR, 
Syria, were evaluated for three consecutive years 2011-
2012 and 2 2013 at Scientific Agricultural Research 
Center of Dara'a (Semi - arid 32º 45' N, 35º 39' E andca. 
440 meters above sea level) and its soil is clay-loam, 
slightly alkaline (pH= 7.35), rich in total potassium and 
phosphors but poor in organic matter (768 ppm, 50.50 
ppm and 0.45%), respectively. The descriptions of 
fourteen landraces are shown in Table 1. 

The study materials were grown by a randomized 
complete block design (RCBD) with three replications. 
The seeds of landraces studied were sown in seedling 
trays on 1 April 2011 and 2012 while on 3 March 2013 
and 45 days later, the transplantation of seedlings to the 
 permanent land was done. Each landrace was 
accommodated in a single row of 8.8 m length  with 
distance 0.4 m between plants and 1.8 m between rows. 
Ten randomly selected plants from each unit were 
marked and used to estimate fruit yield per plant (kg) and 
yield components viz., number of primary branches per 
plant, number of fruits per plant and fruit average weight 
(g). All pre- and post-stand establishment management 
such as land  preparation, cultivation, fertilization and drip 
irrigation was made as required. Data were analyzed 
across all the environments (years) using pooled data 
according to Steel et al. (1997) by MSTAT-C statistical 
computer package software (Michigan State University,
 1991), and stability analysis for the characteristics 
studied was performed according to the model of 
Eberhart and Russell (1966) as it was shown to be the 
most reliable one (Westcott, 1986). 
 
Yij = m + Bi Ij + ∂ij 

 
 
 
 
the characteristics studied was performed according to 
the model of Eberhart and Russell (1966) as it was 
shown to be the most reliable one (Westcott, 1986). 
 
Yij = m + Bi Ij + ∂ij 
 
Where: Yij is mean of ith variety in jth environment, m is 
mean of all varieties over all environments, Bi is 
regression coefficient of ith variety on environmental 
index; which  measures the response of this variety to 
varying environments, Ij is environmental index, i.e. the 
deviation of the mean of all the varieties at a given 
environment from the overall mean, and ∂ij is the 
deviation from regression of ith variety at jth environment. 
 
 
RESULTS AND DISCUSSION 
 
The results of the combined analysis of variance for fruit 
yield and its components across environments (years) 
are given in Table 2. Effects of genotypes (landraces) 
and  environments (years) for all the characteristics 
investigated were highly significant (P ≤ 0.01); suggesting 
the existence of considerable variation among the 
genotypes as well as the environments. The genotype-
environment interaction when tested against pooled error 
was found significant for all the characteristics under 
study; indicating that all the characteristics were largely 
influenced by the change in environments and leading to 
extension of analysis  for estimating stability parameters. 
Dhaduk et al. (2004) and Garton et al. (1986) found that
 the variance components of interaction involving years 
were larger relative to the genotype- location interaction, 
indicating the need for multi-year evaluation and selection 
for stability even when breeding for limited geographic 
region. The linear portion of genotype-environment 
interaction was highly significant for number of  fruits per 
plant, fruit average weight and fruit yield per plant; 
revealing that the prediction of the genotype performance 
in the environments appear to be feasible for these 
characteristics. Insignificant effect of G x E (linear) for 
number of primary branches per plant  indicated that the 
different genotypes did not differ genetically in their 
response to different environments. 

These results were in conformity with earlier reports of 
Mane (2009) for fruit  average weight; Mandal et al. 
(2000) for fruit yield per plant.  The linear contribution of 
environ- mental effects on the performance of genotypes 
for all the characteristics examined except number of 
primary branches per plant was reflected by highly 
significant mean squares due environments (linear). 
Although smaller in magnitude compared to the linear 
component, the statistically significant deviation from the 
regression, for the number of primary branches per plant 
and number of fruits per plant, demonstrated the 
presence of a degree of non-linearity in the G x E 
interactions; the latter resulted from    either   interactions    



                                                                                              Alaysh          373 
 
 
 

Table 1. The codes of tomato landraces studied, growth habit and fruit form. 

 

S. No. Landraces Growth habit Fruit form 

1 20060 Determinate Normal 

2 20061 Determinate Normal 

3 20170 Indeterminate Cherry 

4 20198 Determinate Normal 

5 20292 Determinate Normal 

6 20303 Determinate Normal 

7 20335 Indeterminate Cherry 

8 20339 Determinate Normal 

9 20364 Determinate Normal 

10 20402 Determinate Normal 

11 20660 Indeterminate Cherry 

12 20740 Determinate Normal 

13 20909 Determinate Normal 

14 20992 Indeterminate Cherry 

 
 

Table 2. Pooled analysis of variance for stability over the three environments (years) for fruit yield and some its components in 14 
tomato landraces. 
 

Source 

Mean sum of squares for the characteristics studied 

d.f. 

No. of primary 

branches per plant 

No. of fruits 

per plan 
Fruits 

average 

Fruit yield 

per plant 

Genotype (G) 13 2.07
**
 10811.33** 5123.00** 1.27** 

Environment (E) 2 2.28
**
 2564.00** 4691.00** 1.59** 

G x E 26 2.31
**
 187.62** 267.05* 0.35** 

E + (G x E) 28 0.3 604.35** 721.00** 0.44** 

E (linear) 1 4.51 5129.22** 9375.00** 3.22** 

G x E (linear) 13 0.09 817.77** 803.00** 0.66** 

Pooled deviation 14 0.15
**
 82.97* 26.75 0.04 

Pooled error 84 0.05 41.33 142.84 0.04 

 
 
 
specific   to   certain   genotype environmental 
combinations or change in the expression of the 
interaction from environment to another (Tai et al., 1982). 
The significant effects due to pooled deviation for These 
two characteristics indicated that the performance cannot 
be predicted over the environments. These findings were 
in accord with Mane (2009) for number of fruits per plant; 
Sharma and Nandapuri (1984) for fruit yield per plant. 

The individual performance of the landraces studied 
over the years of study for all the characteristics 
investigated along with the grand mean and 
environmental indices are presented in Table 3. Fruit 
average weight had the highest values of environmental 
index (Ij) followed by number of fruits per plant, while the 
lowest values were recorded by fruit yield per plant. It 
could be concluded that both years 2012 and 2013 
represented favorable environments for most of the 
characteristics under study compared to the year 2011 as 
 indicated by the positive values of environmental 
indices. Hosamani (2010) found that  number of branches 

per plant had the lowest  vales  of Ij , whereas number of 
fruits per plant and yield had the highest values of Ij. 

Once the genotype-environment interactions were 
found to be significant, the next task is to identify 
adaptability as well as stability of the tomato landraces 
under study for fruit yield and its components. According 
to Eberhart and Russell (1966), an ideal stable genotype 
is  defined as the one possessing high/desirable mean 
performance, with a regression coefficient (bi) around 
unity; non-significant different from one and a minimum 
deviation  from regression (S2di); non-significant 
deviation from regression line. Mean performance and 
 stability parameters of the individual genotypes 
(landraces) are presented in Table 4.  
 
 
Number of primary branches per plant 
 
Six out of fourteen landraces showed higher mean 
performance  than  the  grand  mean (4.96). Three  
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Table 3. Mean performance of tomato landraces for characteristics studied over the three study years. 
 

Landraces 

No. of primary branches per plant No. of fruits per plan 

2011 2012 2013 Mean 2011 2012 2013 Mean 

20060 2.93 3.6 3.97 3.5 19 21.27 28 22.76 

20061 3.9 3.9 4.1 3.97 19.33 35.73 38 31.02 

20170 5.67 6.67 6.23 6.19 109 177.53 176 154.18 

20198 4.27 4.43 4.63 4.44 26.33 33 40.67 33.33 

20292 3.7 4 4.43 4.04 15.33 35.6 46 32.31 

20303 3.43 4 3.9 3.78 18.67 38.87 40.67 32.74 

20335 5.37 6.9 6.17 6.15 165.33 204.6 163 177.64 

20339 4.43 4.57 4.57 4.52 16 32.73 36 28.24 

20364 4.03 4.33 4.93 4.43 18.33 42.8 49.8 36.98 

20402 4.33 4.9 6.4 5.21 30.33 60.67 57 49.33 

20660 5.93 7.33 6.77 6.68 110 229.4 203.37 180.92 

20740 5.03 5.7 5.8 5.51 16.67 42.07 43.67 34.14 

20909 4.23 4.87 4.83 4.64 29 37.87 33.33 33.4 

20992 5.77 6.97 6.5 6.41 110 53.07 60.33 74.47 

Environmental Index -0.46 0.19 0.27 - -15-58 8.84 6.74 - 

Grand Mean 4.96 65.82 

   

 Fruit average weight (g) Fruit yield per plant (kg) 

Landraces 2011 2012 2013 Mean 2011 2012 2013 Mean 

20060 170.18 69.77 66.33 102.09 3.12 1.47 1.77 2.12 

20061 77.58 69.53 59.67 68.93 1.41 2.48 2.95 2.28 

20170 12.29 10.1 16.33 12.91 1.33 1.79 2.11 1.74 

20198 130.28 88.43 97 105.24 3.41 2.9 2.64 2.98 

20292 159.61 92.92 86.33 112.95 2.35 3.31 3.6 3.09 

20303 124.8 105.28 109.67 113.25 2.18 4.08 4.2 3.49 

20335 17.97 9.41 12.33 13.24 3.02 1.92 1.93 2.29 

20339 115.87 95.62 90.67 100.72 1.82 3.14 3.28 2.75 

0364 172.14 88.38 94.67 118.4 3 3.77 3.35 3.37 

20402 112.68 71.66 85 89.78 3 4.35 4.35 3.9 

20660 12.31 9.72 15.33 12.45 1.32 2.23 2.46 2 

20740 132.92 68.87 73 91.6 1.83 2.9 2.61 2.45 

20909 87.55 72.47 76 78.67 2.11 2.74 2.68 2.51 

20992 15.73 37.76 24.33 25.94 1.56 2 2.17 1.91 

         

Environmental Index 21.21 -11.16 -9.97 - -0.39 0.16 0.23 - 

Grand Mean 74.73 2.63 

 
 
 
landraceviz., 20335, 20402 and 20660 were unstable; 
because they exhibited significant values of deviation 
from regression. Two landraces viz., 20170 and 20992 
recorded higher mean performance (6.19, 6.41), 
respectively, than the grand mean (4.96) along with 
regression coefficient nearer to unity and non-significant 
values of deviation from regression; indicating their 
stability and wide adaptability across all the 
environments. One landrace namely, 20740 had a high 
performance (5.51) as well as it exhibited non-significant 
value of S

2
di and bi > 1*; suggesting its stability and 

suitability for favorable environments. Prasanna et al. 
(2007) found  that  
all the eight genotypes studied had non-significant S

2
di 

values from zero and were thus considered stable over 
environments for number of primary branched per plant. 
 
 
Number of fruits per plant: 
 
Number of fruits per plant varied from 180.92 (20660) to 
22.76  (20060). Only  four  landraces viz., 20170, 20335,  
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Table 4. Mean performance and stability parameters, based on the regression technique for 14 tomato landraces 
grown in the three environments (years). 
 

Landraces 

No. of primary branches per plant No. of fruits per plant 

xi bi S
2
di xi bi S

2
di 

20060 3.5 1.27 -0.01 22.76 0.22 -15.28 

20061 3.97 0.17 -0.03 31.02 0.74 -34.17 

20170 6.19 1.06 0.09 154.18 2.89 -34.62 

20198 4.44 0.4 -0.04 33.33 0.43 -5.26 

20292 4.04 0.79 0.02 32.31 1.06 35.61 

20303 3.78 0.72 -0.03 32.74 0.89 -33.8 

20335 6.15 1.58 0.31
*
 177.64 0.91 749.77

*
 

20339 4.52 0.2 -0.05 28.24 0.77 -28.81 

20364 4.43 0.93 0.09 36.98 1.17 3.47 

20402 5.21 2.07 0.86
*
 49.33 1.22

*
 -39.41 

20660 6.68 1.54 0.18
*
 180.92 4.6 92.5 

20740 5.51 1.04
*
 -0.05 34.14 1.11 -33.67 

20909 4.64 0.88 -0.04 33.4 0.29 -33.18 

20992 6.41 1.33 0.11 74.47 -2.29
*
 -40.16 

Grand mean± S.E. 4.96 ± 0.27 1.00 ± 0.68 - 65.82 ± 6.44 1.00 ±0.48 - 

      

 Fruit average weight Fruit yield per plant 

Landraces xi bi S
2
di xi bi S

2
di 

20060 102.09 3.22
*
 -119.96 2.12 -2.47 0.1 

20061 68.93 0.4 -88.96 2.28 2.29 -0.01 

20170 12.91 -0.02 -123.19 1.74 1.13 -0.02 

20198 105.24 1.19 -114.44 2.98 -1.13 -0.02 

20292 112.95 2.2 -97.03 3.09 1.91 -0.02 

20303 113.25 0.55 -135.19 3.49 3.33
*
 -0.03 

20335 13.24 0.23 -139.83 2.29 -1.86 -0.04 

20339 100.72 0.71 -124.32 2.75 2.34 0 

20364 118.4 2.55
*
 -139.36 3.37 0.87 0.09 

20402 89.78 1.09 -65.81 3.9 2.29 -0.03 

20660 12.45 0.01 -135.66 2 1.78 -0.04 

20740 91.6 1.96
*
 -142.2 2.45 1.52 0.04 

20909 78.67 0.42 -137.1 2.51 1.04 -0.03 

20992 25.94 -0.5 -62.17 1.91 0.91 -0.03 

Grand mean 74.73±3.66 1.00 ±0.20 - 2.63 ± 0.14 1.00 ±0.42 - 

 
 
 
20660 and 20992 recorded higher performance relative 
to the general mean (65.82); so, they were desirable. Out 
of these   four  landraces  just  two  landraces  namely,  
20170 and 20660 had non-significant values of both S

2
di 

and bi , therefore, they were stable and suitable to a wide 
array of environments. One landrace viz., 20992 had a
 significant value of bi > 1*; indicating its suitability for 
high-yielding environments. Upadhay et al. (2001) 
studied 30 tomato genotypes in four environments to 
know the stability behavior under diverse environmental 
conditions. Mane (2009) noticed that the highest  mean 
value for number of fruits per plant was recorded by the 
genotype "TS-1" (108.86), while the genotype " TS-7 " 
had the least mean value (37.84). He also found that out 

of 17  tomato genotypes were under study, only three 
genotypes viz., "TS-10, TS-13 and TS-14" showed 
significant values of S2di for this characteristic. 
 
Fruit average weight: 
 
Fruit average weight ranged from 12.45 g (20660) to 
118.40 g (20364). Nine landraces out of fourteen had 
higher mean values than the grand mean (74.73 g), 
hence, they were  preferable performance. Coefficient of 
regression (bi) varied from -0.50 (20992) to 3.22 (20060). 
According to Eberhart and Russell (1966), the large 
variation in values of bi indicates large differences in the 
genotype response to the different environments. 
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Six landraces namely, 20198, 20292, 20303, 20339, 
20402 and 20909 had high performance along with non -
significant values of both S2di and bi, hence, they were 
stable and suitable to a wide range  of  environments.  
The other three remained landraces viz., 20060, 20364 
and 20740 had bi > 1*, which described that these three 
landraces were sensitive to environmental changes and 
had greater specificity of adaptability to high-yielding 
 environments. Shalini (2009) observed that the 
genotypes '' IIVR-Sel-1'' and '' Swarna Lalima '' recorded 
significant bi values more than unity and the significant 
value of S

2
di had only the genotype "Bilahi-2" for the 

average weight. 
 
 

Fruit yield per plant 
 

The mean of fruit yield per plant across the study years 
ranged from 1.74 kg (2017) to 3.90 kg (20402). Unfor- 
tunately, just six landraces viz., 20198,20292, 20303, 
20339, 20364 and 20402 exhibited higher mean yields 
than the grand mean (2.63 kg), hence, they were 
desirable performance. Coefficient of regression varied 
from -2.47 (20060) to 3.33 (20303). High positive values 
of bi indicated that fruit yield increased as environmental 
index  increased. While, low values of bi suggested that 
fruit yield did not increase as environmental index 
increased. All the landraces studied without exception 
were stable; because they had non-significant values of 
S2di. According to bi values, these six landraces can be 
grouped into two groups: the first group includes five 
landraces viz., 20198, 20292,20339, 20364 and 20402 
which had average responsiveness and hence, these five 
landraces could be recommended for cultivation under a 
wide range of environments. The second one involves 
just the landrace 20303 which was highly responsive and 
adapted specifically to rich  or favorable environments. 
Varied response of tomato genotypes to different 
environments  in case of yield per plant was also 
observed by Prasanna et al. (2007); Aravindkumar et al. 
(2001); Kalloo et al. (1998). 

Finally the following major findings can be summarized 
from this study: (1) 20198, 20292, 297 20339, 20364 and 
20402 were the most stable landraces for fruit yield per 
plant, and thus could be recommended for commercial 
release in Dara'a Governorate after extensive tests about 
quality characteristics. (2) these five landraces can be 
used in tomato breeding  programs as a source of genes 
for yield stability and wide adaptability. And (3) the 
contrast nature of favorable environments for number of 
fruits per plant and fruit average weight; due to 
component compensation effect of yield attributes in 
tomato as earlier mentioned by Al-Aysh et al. (2012). 
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