
International Journal of Research in Agriculture and Forestry 

Volume 4, Issue 12, 2017, PP 11-15 

ISSN 2394-5907 (Print) & ISSN 2394-5915 (Online) 

  
 

 

International Journal of Research in Agriculture and Forestry V4 ● I12 ● 2017                                         11 

Yield Stability and Quality Performance of Processing Tomato 

(Lycopersicon Esculentum Mill) Varieties in the Central Rift 

Valley of Ethiopia 

Selamawit Ketema, Jibicho Geleto, Yosef Alemu, Gebeyehu Wondimu, Melkamu Hinsermu and 

Tesfa Binalfew 

Ethiopian Institute of Agricultural Research- Melkassa Agricultural Research Center, Ethiopia  

*Corresponding Author: Selamawit Ketema, Ethiopian Institute of Agricultural Research- Melkassa 

Agricultural Research Center, Ethiopia 

Received Date: 01-09-2017                      Accepted Date: 15-09-2017            Published Date: 06-12-2017   

 

INTRODUCTION 

Tomato (Lycopersicon esculentum Mill) is the 

major horticultural crop with an estimated 

global production of 164 million metric tons 

from 4.73 million ha of land (FAO, 2014). In 
Ethiopia, it is an important food ingredient in 

daily diet of people in almost all regions.  The 

crop is an important cash-generating crop to 
small-scale farmers and provides employment in 

the production and processing industries.  The 

total areas under tomato crop in the rainy season 

is estimated to be 5.05 thousand ha with 30.7 
thousand tones of harvest (CSA, 2015). 

However, the productivity of the crop is very 

low in farmers' field in the country compared to 
experimental fields. 

Tomato production is faced with a number of 
constraints which are biotic and abiotic that 

resulted into low yield. Biotic factors  contributing 

for  lower yield of tomato in Ethiopia include  

insect pests (Gashawbeza et al., 2009), disease 

(Wondirad et al., 2009), and plant parasitic 

weeds (Etagegnehu et al., 2009). Drought, heat, 

and poor cultural practices  constitute abiotic 
factors for lower productivity of tomato(Lemma, 

2002; Lemma et al., 2008). Tomato varieties 

and advanced breeding lines were introduced by 
the vegetable improvement program of the 

Ethiopian Institute of Agricultural Research 

(EIAR) for various purposes. These were initially 

screened at Melkassa center of EIAR and 
selected materials were tested at different 

locations (MARC, 2010).  

Genotypes tested in different environments 

almost invariably showed genotypes-by-

environment (GxE) interactions; that is, the 
relative performances of the genotypes vary 

from one environment to another. The advantage 

of selecting superior genotypes using stability 
analysis instead of average performance is that 
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stable genotypes are dependable across the 

environments which reduce G×E interaction. 
Studies showed that stability analysis  can result 

in better identification of stable genotypes, even 

when there are no interactions among the 
parameters (Fasahat et al., 2015). Stable genotype 

is the one possessing a constant performance 

irrespective of any changes in environmental 
conditions (Fasahat et al., 2015; Stoffella et al., 

1984). The most widely used approach is based 

on linear regression of genotype yield on an 

environmental index derived from the average 
performance of all genotypes in each environment 

(Eberhart and Russell, 1966). The regression 

model provides two stability parameters. The 
first estimate is the linear regression coefficient 

of genotype mean on environmental index. The 

second estimate obtained from regression is the 
mean square deviation from regression for each 

genotype. Thus, this study was conducted to 

assess the extent of some promising tomato 

genotypes by environment interaction; yield 

stability and adaptability across different 

environments with the aim of releasing promising 
genotypes for production. 

MATERIAL AND METHODS  

Multi location variety trials were conducted 

using five tomato varieties selected from 

previous preliminary variety trial and one recently 

released tomato variety (Chali) as a standard 

check.  The field trials were conducted in 2013 

and 2014 at three locations, Melkassa, Wonji, 

and Ziway. The trial within a year was considered 

as one environment and thus totally made six 

environments. Seedlings were raised on seedbed 

and transplanted to the field 30 days after sowing. 

All routine management practices were applied 

accordingly. Randomized complete block design 

(RCBD) with 3 replications were employed, 

with plot size of 5m x 6m (30m2) at 100cm 

inter-rows and 30cm intra-row spacing.  

Table1. Altitude, rainfall, soil type and temperature of experiment sites 

Location Altitude [m] Annual Rain fall [mm] Soil type Temperature [
o
C] 

Min Max 

Melkassa  1550 818 Ando 14 29 

Wonji 1540 831 Fluvisol 15 28 

Ziway  1650 738 Ando  14 28 

      

Maturity times were recorded based on the time 
from transplanting to 50% flowering. The meter 

rulers were used for measuring plant height 

from base to the tip of the main shoot. The leaf 

coverage of fruits was recorded at third fruit 
harvest. The number of fruits per cluster was 

counted from ten randomly selected plants. Fruit 

yield was recorded by harvesting the central 
three rows. Fruit qualities (average fruit weight, 

fruit shapes, fruit firmness, total soluble solid 

(TSS) (
o
Brix) were assessed from fully ripe 

randomly selected 10 fruits from each plot.   

Statistical Analysis 

The combined analysis of variance for quality 

and vegetative performance was computed using 
SAS 9.22 statistical software (SAS Institute, 

2010). Mean separation was done using 

Duncan’s Multiple Range Test (DMRT). For 
fruit yield stability, the combined analyses of 

the variance across different environment was 

done using PROC GLM model of SAS 9.2 
program with genotypes being considered as 

fixed effects and replication with in environments 

being random effect. Genotype x environment 

interaction was quantified using pooled analysis 

of variance, which partitions the total variance 
genotype, environment, genotype x environment 

interaction and pooled error. Stability parameters, 

regression value (bi) (predictable linear response) 

and deviation from regression (S2di) 
(unpredictable non-linear response) were worked 

out according to Eberhart and Russell (1966) 

using GENES 7.0  computer program (GENES, 
2016).   

RESULTS AND DISCUSSION   

Vegetative and Quality Performance  

The vegetative and quality performance of 

processing tomato varieties at Melkassa, Ziway 

and Wonji over the two years period was 

significant at p<0.05 except for number of fruit 

cluster
-1
 (Table 2). CLN 1466P was significantly 

early maturing variety followed by Chali and 

CLN 2498A (Table 2).  All tested varieties had 

significantly higher plant height than the check. 

Most of the varieties have acceptable fruit size 

(86 - 89g) in the local market; however none of 

them had significantly larger fruit size than the 

check, Chali. Oval Red had significantly thicker 

pericarp and percent total soluble solid (OBrix) 

content than the rest. Studies have associated 
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high consumer acceptance with high soluble 

solids concentration in many commodities 

(Kader, 1994). In addition, firmness of pericarp 

tissues is a key component of both processing 

and fresh market tomato cultivars, thicker 

pericarp tissues could contribute to fruit 

firmness (Artherton and Rudich, 1986). Tested  

varieties  differed in number of locules fruit
-1

 

Oval Red had significantly lower number of 

locules (2) per fruit which is the typical 

character of processing tomatoes (Jones, 1999). 

Table2. Average vegetative and quality performance of processing tomato varieties at three locations for two years 

Varieties FPF LC PH NFC FST AFW NOL %TSS 

CLN 1466 P 31d 1.3b 62b 4.5 5.9cd 70b 2.9a 4.52ab 

Oval Red 34b 3.8a 68a 4.5 7.3a 86a 2.2c 4.73a 

Missouri 35a 3.9a 66a 4.6 6.8b 89a 2.4b 4.48ab  

Chali 32c 3.6a 56c 4.5 6.2c 86a 2.5b 4.13c 

CLN 2498 A 33c 3.9a 70a 4.7 5.6d 61c 2.5b 4.63ab 

Mecheast 22 34b 3.5a 67a 4.6 6.8b 87a 2.4bc 4.38b 

Mean 33 3.3 65 4.5 6.4 80 2.5 4.5 

LC-Leaf coverage [1-5 scale, 1-very low and 5-very high leaf coverage], PH-Plant height [cm], FPF-Days to 

50% flowering, AFW-Average fruit weight [g], NOL-Number of locules per fruit,  FST-Fruit skin thickness 
[mm], NFC-Number of fruit per cluster, %TSS-total soluble solid in percent. Means followed by the same letter 

are not significantly different at 5% level 

Yield Stability  

Environment, variety and their interaction were 

significant (p<0.01) for fruit yield (Table 3). 

Mean value of total yield ranged from 33.4 to 

45.7 t ha
-1

 for varieties, 23.5 to 41.2 t ha
-1

 for 
locations, and 36.3 to 41.6 t ha

-1
 for years (Table 4). 

The variation in yield among locations was 

relatively higher compared to those in genotypes 
and years. This is more due to the agronomic 

management difference between on station 

(MARC) and on farm trial (Wonji and Ziway). 

The highest mean yield of 46.9 and 53.1 t ha
-1

 

with high positive environmental index of 7.91 

and 14.19 was recorded from Melkasaa in 2013 

and 2014, respectively (Table 4). Yield level was 
lower than the grand mean and environmental 

index was negative in the rest of the environments 

with the exception of Ziway in 2014 which 
resulted in 40.9 t ha

-1
 with positive environmental 

index.  

Table3. Combined analysis of variance for fruit yield of six processing tomato varieties   

Source of variation  DF Sum Square Mean Square F - Value 

Environment (E) 5 11450.8 2290.17 31.08*** 

Variety (V) 5 1985.5 397.10 5.39*** 

E*V 25 4469.2 178.77 2.43** 

Error  72 5304.8 73.68  

Total  107 23210.3   

Note: ns=not significant, *=p< 0.05, **=p< 0.01 and ***=p<0.001 

The pooled analysis of variance revealed that 

mean sum of squares due to varieties were 
highly significant (p<0.01) indicating the presence 

of large amount of variability in the materials 

chosen for the study. The linear component of 

G×E interaction was also significant indicating 
significant rate of linear response of the genotypes 

to environmental changes for fruit yield of 

tomato (Table 5). Similar result were reported 
by (Al-aysh, 2013; Jyothi et al., 2012; Ortiz and 

Izquierdo, 1994). 

The mean fruit yield per hectare across the six 

environments ranged from 33 t ha
-1

 (CLN 

1466P) to 46 ha
-1

 (Oval Red). Based on the 
Eberhart and Russell’s (1966) model, a bi 

approximating unity along with S2di near zero 

indicate average stability. When associated with 

high mean yield, genotypes have general 
adaptability and while those with low mean 

yield, are poorly adapted to all test 

environments. A (bi) less than unity provides a 

measure of greater resistance to environmental 
change (above average stability), and therefore 

increasing specificity of adaptability to low 

yielding environments. In this study Oval Red 
and the check Chali exhibited superior mean for 

fruit yield than the grand mean (39 t ha
-1

), non-

significant regression coefficient (bi=0.63 and 
1.17) close to unity with non-significant S2di 

(4.48 and 13.74) indicating their average 

stability i.e. suitable for all environments. 

Hence, based on the adaptability and stability 
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parameters, mean fruit yield and overall 

performance, variety Oval Red was 
recommended for release for the Central Rift 

Valley and similar agro-ecologies (MoANR, 

2016). The variety was released with local name 
'Galilama' to recognize the former senior staff of 

national vegetable program Dr. Lemma 

Dessalegn for his significant contribution on this 

crop. In the local language Afan Oromo 
'Galilama' means introduced by Lemma and in 

the same language it also mean has double 

advantage because the variety can also be used 
as fresh market tomato.  

Table4. Yield performance [t ha-1] of processing tomato varieties at three locations for two years 

Varieties  Melkassa Wonji Ziway Combined 

mean  2013 2014 2013 2014 2013 2014 

CLN 1466 P 40.2bc 57.0a 31.4a 13.9c 33.8b 24.3cd 33.4 

Oval Red 48.6ab 53.0ab 40.1a 31.0a 49.6a 51.7a 45.7 

Missouri 49.5ab 59.2a 31.9a 16.4c 36.0ab 38.7abc 38.6 

Chali 59.3a 50.2ab 40.0a 16.7c 43.2ab 39.6ab 41.5 

CLN 2498 A 58.8a 55.3a 37.9a 18.2bc 49.9a 23.6d 40.6 

Mecheast 22 24.9c 44.2b 41.8a 24.7ab 32.7b 35.4bcd 33.9 

Mean 46.9 53.1 37.2 20.1 40.9 35.5 39 

Environmental index 7.9 14.19 -1.78 -18.8 1.92 -3.42  

Means followed by the same letter are not significantly different at p<0.01 

Table5. Pooled analysis of variance for stability over the six environments for fruit yield in six processing 
tomato varieties   

Source 

Degree of 

Freedom 

Sum of 

Squares 

Mean of Sum of squares 

Varieties 5 659.30 131.86** 

Environment + (varieties x Environment) 30 5305.56 176.9** 

Environment (linear) 1 3816.74 713.03** 

varieties x Environment (linear) 5 527.27 105.45** 

Pooled deviation  24 961.55 40.06* 

Pooled error 72 385.40 5.35 

*significantly at p<0.05, **significantly at p<0.01 

Table6. Mean fruit yield and estimates stability parameters in six processing type tomato varieties on 3 

locations in 2013 and 2014 

Varieties Mean  Yield [t ha
-1

]  bi S
2
di 

CLN 1466 P 33.4  1.24ns -1.00ns 

Oval Red 45.6  0.63ns 4.48ns 

Missouri 38.6  1.26ns -4.27ns 

Chali 41.5 1.17ns 13.74ns 

CLN 2498 A 40.6 1.34
ns

 47.94* 

Mecheast 22 33.9 0.36ns 41.37* 

Mean 39   

ns = not significant, *significantly at p<0.05 

CONCLUSION  

Six processing tomato enotypes were evaluated 

across three locations for two years (six 

environment) to assess their quality and yield 

performance, fruit yield response and stability 
performance to make recommendations for 

possible release. Based on the adaptability (bi) 

and stability (S2di) parameter, mean fruit yield 
and overall performance, variety Oval Red was 

recommended for release for the Central Rift 

Valley and similar agro-ecologies with local 
name 'Galilama'. 
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