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ABSTRACT 
 

Genetic analysis of yield and its contributing traits was studied in parents and 
their F1 hybrids in determinate tomato. The experiment was laid out in 
randomized block design with two replications under Vegetable Program at 
Horticultural Research Institute NARC, Islamabad, Pakistan in spring 2011. The 
study was comprised 15 new crosses (determinate), their parental lines along 
with international hybrids for primary evaluation. Significant differences were 
observed for the characters viz; number of fruits per plant, number of clusters 
per plant, number of fruits per cluster, number of flowers per plant, fruit length 
(cm), fruit width (cm), plant height  (cm) and fruit yield (t/ha). Data was analyzed 
for genotypic variance, phenotypic variance, genetic advance, broad sense 
heritability (h2

bs), phenotypic coefficient of variation (PCV) and genotypic 
coefficient of variation (GCV). The highest PCV and GCV magnitude was 
observed for yield (56.78 and 56.71 t/ha) followed by plant height (44.86, 44.84) 
and fruits per plant (43.26, 43.23). The heritability (h2

bs) is ranged from 0.93 to 
1.00. For all the characters studied the highest heritability was observed in fruit 
per plant, fruit yield (t/ha) and plant height (1.00). The GA as percentage of 
mean at 5% and 1% level ranged from 33.96 to 116.68 and 43.53 to 149.53, 
respectively. The highest estimates of genetic gain were obtained for fruit yield 
(116. 68, 149.53), plant height (92.33%, 118.33%) and number of fruits per plant 
(89.00, 114.06). The characters with high values of GCV and h2

bs, accompanied 
by high GA % suggest that improvement of these characters would be effective 
through phenotypic selection. Four principal components were taken out 
having Eigen value equal to 1. These added 86% of the variability amongst the 
genotypes studied. All the four principal components exhibited high 
commonalities for plant height, fruit length, clusters per plant, fruits per plant, 
fruit weight (g), fruits per cluster, fruit yield (t/ha), flowers per cluster, clusters 
per plant. Cluster analysis based on Euclidean distances showed high level of 
genetic diversity among parents, hybrids and checks. 
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INTRODUCTION 
 

The cultivated tomato (Solanum  lycopersicum L.), belonging to family 
Solanaceae is the most popular garden vegetable and is 2nd most important 
vegetable crop in the world (1). Total area under cultivation of tomato in 
Pakistan is 52.30 thousand hectares with average production of 10.10 tons 
per hectare.  
 
Plant genetic resources are the reservoir of genetic recombination of genes 
and their variants, resulting from the evolution of plant species over 
centuries. Morphological parameters have been widely used in evaluation of 
various crops (18, 26, 10). Evaluation of tomato germplasm is of great 
importance for current and future agronomic and genetic improvement of the 
crop. Furthermore, if an improvement program is to be carried out, evaluation 
of germplasm is imperative, in order to understand the genetic background 
and the breeding value of available germplasm. Diversity in tomato is 
expected to be immense as the fruits vary greatly in shape and size (4). 
Studies on genetic parameters and character association provide information 
about the expected response of various traits to selection and help in 
developing optimum breeding procedure. Many researchers (4, 2, 6, 11, 15) 
have reported about different genetic parameters in tomato based on few 
traits. Yield is the main objective of a breeder, so it is important to know the 
relationship between various characters that has variability into its genetic 
components with suitable parameters such as phenotypic and genotypic 
coefficient influence on yield. Therefore, it becomes necessary to partition the 
observed phenotypic variation, heritability and genetic advance. 
 

MATERIALS AND METHODS 
 

The experiment was laid out in randomized block design with two replications 
under Vegetable Program at Horticultural Research Institute (HRI) NARC, 
Islamabad, Pakistan. Nursery was raised during the first week of December 
and was transplanted during mid February, keeping row spacing of 100 cm 
and plant spacing of 50 cm with 15 plants per entry. Plot size was 7.5 meter 
square.  Farm yard manure @ 30,000 kg/ha and NPK @ 150:75:75 kg/ha 
was applied. Whole of P and half of N & K was applied at soil preparation 
and remaining half of nitrogen and potash was applied in five equal doses at 
two weeks interval after one month of transplanting. Insecticides (Permethrin 
or Cypermethrin mixed with Chloropyrephos) was applied whenever required 
to control the attack of sucking and chewing insects. Data was recorded on 
randomly selected five plants and were averaged. 
 



Estimation of genetic components in F1 hybrids of tomato 

J. Agric. Res., 2014, 52(1) 

67

The trial  comprised 15 new single crosses: Continental x Nagina, Roma x 
Riogrande, Continental x Riogrande, Riogrande x Avinash-II, Peto-86 x 
Avinash-II, Continental x Avinash-II, Peto-86 x Nagina, Riogrande x Roma, 
Peto-86 x VCT-I, Peto-86 x Roma, Riogrande x VCT-I, Peto-86 x Riogrande, 
Continental x VCT-I, Riogrande x Nagina (Determinate),  7 parental lines: 
Savera, VCT-I,  Roma, Riogrande, Avinash-II, Nagina, Continental, Peto-86 
along with 2 International hybrids for primary evaluation [Gautham (F1) and 
Baledar (F1)]. Data was recorded for number of fruits per plant, single fruit 
weight (g), fruit length (cm), fruit width (cm), yield (t/ha), number of  flowers 
per cluster, plant height (cm), number of fruits per cluster, and number of 
clusters per plant, and was analyzed for genotypic variance (GV), phenotypic 
variance (PV), genetic advance, heritability (broad sense), phenotypic 
coefficient of variation (PCV) and genotypic coefficient of variation (GCV) 
(19).   
 

Statistical analysis 
 

Variability for recorded traits was estimated as per procedure for analysis of 
variance (22). Principal component analysis was done with the help of 
computer software 'Statistica' (23). Hierarchical cluster analysis was 
performed (5) (Ward, 1963). Euclidean distance between groups is used as a 
unit of measurement of genetic proximity. To avoid the variation in 
dimensions of the studied indicators, the data was standardized in advance. 
Clusterization results are presented graphically by means of dendrograms 
showing unification sequence of objects and clusters. These distances were 
used to group the genotypes into clusters, according to the technique 
outlined by Johnson (9).  
 

RESULTS AND DISCUSSION 
 

The analysis of variance (ANOVA) revealed the significant mean square 
estimates for genotypes and non significant for replications indicating 
sufficient diversity among the characters studied (Table 1). The characters 
showing wide range of variation offer ample scope for improvement through 
efficient selection of desirable genotypes. 
 

Table 1. Mean estimates of different characters. 
 

SOV  Characters Replications Genotypes Error 
Fruits/plant 0.06 356.48** 0.23 
Clusters/plant 7.08 76.80** 2.56 
Flowers/cluster 0.12 1.45** 0.07 
Fruits/cluster 0.12 2.28** 0.08 
Fruit length (cm) 0.07 5.04** 0.09 
Fruit width (cm) 0.11 3.03** 0.04 
Plant height (cm) 0.73 1146.70** 0.51 
Yield (t/ha) 0.69 264.61** 0.32 
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Fruits per plant and clusters per plant 
 

The magnitude of phenotypic covariance of variation (PCV) was greater 
(43.26) for fruits per plant than genotypic covariance of variation (GCV) 
(43.23). Whereas for clusters per plant PCV was also greater (28.90) than 
GCV (27.95) (Table 2).The higher PCV values than the respective GCV 
values for the traits denoting environmental factors influencing their 
expression to some extent.  Heritability estimates were maximum for fruits 
per plant (1.00) and comparatively lower for clusters per plant (0.94). Genetic 
advance as percent of mean was also high (89.00 at 5% and 114.06 at 1 %) 
for fruits per plant and a bit lower for clusters per plant (55.69 at 1%, 71.37 at 
5%) (Table 2). Similar results were revealed by Hidayatullah et al., (8). 
 
Table 2. Estimation of genetic components for yield and its components in tomato. 

 
Characters Mean Genetic advance 

in %age of  mean 
(at 5% level) 

Genetic advance 
in %age of mean 

(at 1% level) 

h2
bs PCV GCV 

Number of fruits/plant 30.87 89.00 114.06 1.00 43.26 43.23 
Number of clusters/plant 21.80 55.69 71.37 0.94 28.90 27.95 
Number of flowers/cluster 4.81 33.96 43.53 0.91 18.08 17.26 
Number of fruits/cluster 3.11 67.21 86.14 0.93 34.93 33.76 
Fruit length (cm) 4.58 69.53 89.10 0.97 34.96 34.35 
Fruit width (cm) 4.11 60.67 77.75 0.98 30.17 29.81 
Plant height (cm) 3.39 92.33 118.33 1.00 44.86 44.84 
Yield (t/ha) 20.27 116.68 149.53 1.00 56.78 56.71 

h2
bs: Heritability in broad sense, PCV: Principal Component of Variance, GCV: Genetic 

Component of Variance. 

 
Flowers per cluster and fruits per cluster 
 
The magnitude of PCV and GCV showed a considerable differences for both 
characters i.e., flowers per cluster (18.08 PCV, 17.26 GCV) and fruits per 
cluster (34.93 PCV, 33.76 GCV) (Table 2). This showed that flowers per 
cluster were greatly influenced by environmental factors while fruits per 
cluster were influenced by genetic makeup rather than environmental factors. 
Sharma et al., (21) reported almost the similar results. 
 
Fruit size (length + width in cm) 
 
A broad sense heritability value for fruit length and fruit width was 0.97 and 
0.98, respectively. GCV and PCV values were slightly lower than other 
characters i.e., for fruit length (34.96, 34.35) and for fruit width (30.17, 
29.81). Genetic advance as percent of means were 69.53 at 5% and 89.10 at 
1% for fruit length and 60.67 at 5 % and 77.75 at 1% for fruit width (Table 2). 
Findings of Dar and Sharma (3) are in great accordance with the study.  
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Plant height (cm) 
 

Heritability estimates for plant height were maximum (1.00). PCV and GCV 
magnitude was almost equal (44.86 and 44.84). The highest values (92.33 at 
5% and 118.33 at 1%) of GA were recorded for plant height (Table 2). The 
results were at par with the work done by Pradeepkumar et al., (17).  
 

Fruit yield (t/ha) 
 

The magnitude of PCV (56.78) and GCV (56.71) was also recorded highest 
among all characters studied. Genetic advance as percent of mean at 5 % 
was 116.68 and at 1% 149.53 (Table 2). Our results matched with the 
findings of Hayder et al.,(7) and Hidayatullah et al., (8). 
 

Principal component analysis 
 

Four principal components were taken out having Eigen value equal to 1. 
These added 86% of the variability amongst the genotypes studied (Table 
3a). Total variance explained by the factor analysis was 12.5%. The principal 
component I or factor I was mostly associated with plant height, fruit length, 
clusters per plant and fruits per plant (Table 3b). Similarly commonalities 
showed that factor II was more related to clusters per plant, fruit weight, fruits 
per plant, fruits per cluster and fruit yield (t/ha). However, third component 
suggested high degree of similarity among especially fruit yield and the yield 
contributing traits like flowers per cluster, clusters per plant, fruits per cluster 
and fruit weight. Fourth component showed more relation with fruit length, 
fruits per plant and plant height. All the four principal components exhibited 
high commonalities for plant height, fruit length, clusters per plant and fruits 
per plant, fruit weight, fruits per cluster, fruit yield (t/ha) and flowers per 
cluster, clusters per plant. This advocated high level of genetic association 
among these morphological and agronomic traits (25).  
 

Factor loadings (Table 3 c) revealed that all the characters contributed 
negatively to PC-I except fruit length. Clusters per plant exerted maximum 
negative load on the factor I. This suggested that genotypes with maximum 
fruit length tended to increase the fruit yield and its attributes. Toker (24) 
reported that in factor I seed yield, biological yield, number of pods per plant, 
flowering duration and 100-seed weight had positive effect; while plant 
height, first pod height and days to flowering showed negative 
interrelationship. Fruits per plant, fruits per cluster, fruit length, plant height 
and fruit yield had positive weight on PC-II where fruits per cluster followed 
by plant height showed the maximum contribution (Table 3c). Conversely, 
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clusters per plant, fruits per cluster, fruit weigh contributed negatively to PC-II 
showing the highest negative influence of clusters per plant for this factor.  
 

Table 3. Principal components (PCs) for multi-genic traits in tomato genotypes  (a); 
 

Traits Fruits/ 
plant 

Clusters/ 
plant 

Flowers/ 
cluster 

Fruits/ 
cluster 

Fruit 
length 

Eigen value 3.916140 2.039590 0.709174 0.586042 0.292280 
% Total variance 48.95175 25.49488 8.86468 7.32553 3.65350 
Cumulative Eigen value 3.916140 5.955730 6.664905 7.250947 7.543227 
Cumulative % 48.9517 74.4466 83.3113 90.6368 94.2903 
  Fruit 

weight 
Plant height Yield  

 
Average 

Eigen value  0.220336 0.165308 0.071130 1.0 
% Total variance  2.75420 2.06634 0.88912 12.5 
Cumulative Eigen value  7.763563 7.928870 8.000000 6.8 
Cumulative %  97.0445 99.1109 100.0000 86 

 

(b) Factor loadings. 
 

Traits PC-I PC-II PC-III PC-IV 
Fruits/plant -1.22 0.39 0.09 0.28 
Clusters/plant -0.43 -0.67 -0.24 -0.01 
Flowers/cluster -0.13 -0.29 0.44 -0.01 
Fruits/cluster -0.08 0.44 -0.38 0.05 
Fruit length 0.17 0.20 -0.09 -0.35 
Fruit width -1.17 -0.50 -0.16 0.144 
Plant height -0.06 0.30 -0.01 0.005 
Yield  -1.09 0.11 0.25 -0.05 

 

(c). Commonalities 
 

Traits PC-1 PC-11 PC-III PC-IV 
Fruits/plant 0.26 0.34 0.20 0.37 
Clusters/plant 0.14 0.53 030 0.009 
Flowers/cluster 0.28 0.06 0.42 0.22 
Fruits/cluster 0.25 0.26 0.30 0.17 
Fruit length 0.29 0.07 0.06 0.56 
Fruit width 0.24 0.38 0.28 0.09 
Plant height 0.31 0.09 0.13 0.45 
Yield (t/ha) 0.20 0.23 0.46 0.09 

 
Fruits per plant, flowers per cluster, plant height and fruit yield exerted 
positive factor loadings on PC-III among which the highest weight was 
contributed by flowers per cluster followed by fruits per cluster and fruit yield 
(Table 3c). Other characters like clusters per plant, fruits per cluster, fruit 
length and fruit weight put negative effects on the factor III with the highest 
negative weight of fruits per cluster. Fourth component revealed positive 
factor load by fruits per plant, fruits per cluster, fruit weight and plant height 
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with the maximum contribution by fruits per plant followed by fruit weight. 
While clusters per plant, flowers per cluster, fruit length and fruit yield put 
negative effects on factor IV with the highest negative weight of fruit length. 
 
Descriptive analysis for yield and its contributing traits is mentioned in Table 
4. Maximum standard deviation (35.28) was shown for plant height followed 
by fruits per cluster (10.34) and yield (9.62 t/ha) in Cluster-I. The standard 
deviation of plant height implies that on average the data set differs from 
mean by + 35.28 that demonstrated high variation among studied genotypes 
for these traits. These three Clusters (II, III & IV) exhibited almost same 
results regarding plant height (10.35, 9.35, 8.56), fruits per cluster (15.84, 
15.33, 11.86) and fruit yield (10.27, 11.46, 11.64). Results portrayed that 
genotypes present in Cluster-I show maximum variation for plant height while 
remaining three clusters exhibited maximum variation for fruits per cluster 
and fruit yield.  These findings were in accordance with the findings of Malik 
et al., (16).  
 
Table 4. Descriptive analysis for clusters based on quantitative traits in tomato (F1) 

hybrids and their parents. 
 

Characters Cluster I Cluster II 
Mean± SD Variance Mean± SD Variance 

Fruits/plant 46.28 ±10.34 106.94 39.63±15.84 251.25 
Clusters/plant 26.29±7.76 60.34 23.62±6.10 37.25 
Flowers/cluster 5.9±1.34 1.79 5.09±0.77 0.59 
Fruits/cluster 4.3±1.3 1.95 3.65±0.89 0.79 
Fruit length 6.1±1.2 1.45 5.35±1.71 2.93 
Fruit width 4.96±0.94 0.89 4.96±1.31 1.73 
Plant height 84.52±35.28 1245 54.5±10.35 107.28 
Yield (t/ha) 26.71±9.62 92.64 27.36±10.27 105.67 
Characters Cluster III Cluster IV 

Mean± SD Variance Mean± SD Variance 
Fruits/plant 31.84±15.33 235 32.41±11.86 140.69 
Clusters/plant 22.90±6.02 36.24 23.62±4.94 24.45 
Flowers/cluster 5.14±0.47 0.22 5.31±0.49 0.24 
Fruits/cluster 3.47±0.75 0.56 3.34±0.80 0.65 
Fruit length 4.53±1.51 2.29 4.98±1.51 2.30 
Fruit width 4.60±1.24 1.55 4.62±1.26 1.59 
Plant height 52.30±9.35 87.45 53.57±8.56 73.30 
Yield (t/ha) 21.88±11.46 131.33 22.84±11.64 135.65 

 

Cluster analysis 
 

Dendrogram was developed on the basis of genetic linkage between parents 
and their hybrids (F1). The dendrogram demonstrated the large amount of 
genetic diversity among them with expected narrow genetic pool (Fig 1). Four 
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clusters were formed from the tested collection upon the performed cluster 
analysis. The genotypes within these clusters were characterized by high 
degree of similarity related to the quantitative indicators under study. 
 

 
 
Table 5. Clusters based on quantitative traits in tomato (F1) hybrids and their parents. 
 

Clusters Tomato (F1) hybrids and their Parents in the cluster 
Cluster I Gautham, Roma x Riogrande, Peto-86, Peto-86 x Avinash-II, Riogrande x 

VCT-I, Continental x Avinash-II 
Cluster II Peto-86, Peto-86 x Avinash-II, RioGrande x VCT-I, Continental x Avinash-II, 

Continental x VCT-I, Riogrande x Roma, Nagina, Avinash-II 
Cluster III Peto-86 x Avinash-II, Riogrande x VCT-I, Continental x Avinash-II, Continental 

x VCT-I, Riogrande x Roma, Nagina,Avinash-II, Continental, RioGrande, 
Roma , Riogrande x Nagina 

Cluster IV Riogrande x VCT-I, Continental x Avinash-II, Continental x VCT-I, Riogrande x 
Roma, Nagina, Avinash-II, Continental, Riogrande, Roma, VCT-I, Riogrande x 
Nagina, Baledar, Savera, Peto-86 x VCT-I, Peto-86 x Nagina x, Peto-86 x 
Riogrande, Peto-86 x Roma, Riogrande x Avinash-II, Continental x Riogrande, 
Continential x Nagina 

 

 
The first cluster includes Gautham F1, Roma x Riogrande, Peto-86, Peto-86 x 
Avinash-II, Riogrande x VCT-1 and Continental x VCT-1 (Fig.1). Upon 
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comparison of Euclidean distance between them it was obvious that these 
genotypes were closely related with each other and were genetically diverse 
showing genetic distance of  0.59 (59 %)  with remaining  genotypes. Second 
cluster comprises Peto-86, Peto-86 x Avinash-II, Riogrande x VCT-1, 
Continental x VCT-1, Riogrande x Roma, Nagina and Avinash-II with the 
genetic distance of 0.32 (32 %) with the rest of the genotypes. Third cluster 
also consisted upon Peto-86, Riogrande x Roma, Continental x Avinash-II, 
Continental x VCT-1, Riogrande x Roma, Nagina, Avinash-II, Continental, Rio 
Grande, Roma, VCT-1, Riogrande x Nagina showing the genetic distance of 
0.28 (28%). Fourth cluster was a large cluster and sub divided into 15 sub 
clusters. All these sub clusters included Riogrande x VCT-1, Continental x 
Avinash-II, Continental x VCT, Riogrande x Roma, Nagina, Avinash-II, 
Continental, Riogrande, Roma, VCT-1, Riogrande x Nagina, Baledar F1, 
Savera F1, Peto-86 x VCT-I, Peto-86 x Nagina, Peto-86 x Riogrande, Peto-86 
x Roma, Riogrande x Avinash-II, Continental x Riogrande, Continental x 
Nagina showing genetic distance of 0.08-0.28 (8-28 %). Similar findings were 
recorded by Krasteva et al., (13). 

 

CONCLUSION 
 

Highly significant differences were observed for all the characters studied 
showing existence of variation among them. The PCV was slightly higher 
than the respective GCV for all the traits denoting environmental factors 
influencing their expression to some degree or other. Wide difference 
between PCV and GCV for yield implied its susceptibility to environmental 
fluctuation, whereas narrow difference between PCV and GCV for other 
characters suggested their relative resistance to environmental alteration. 
Results indicated that character`s expression were almost equally influenced 
by environmental and genotypic factors. The ratio between PCV and GCV 
showed near to unity indicating the role of environmental influence in the 
expression of traits would be negligible which elucidated that they could be 
improved to a large extent through selection. Such high values of heritability 
for all the traits clarified that they were least affected by environmental 
modifications. However selection based on phenotypic performance would be 
reliable. The estimates of heritability alone fail to indicate the response to 
selection (20). Therefore, heritability estimates appeared to be more 
meaningful when accompanied with estimates of genetic advance and 
genetic advance as a percentage over mean. The characters with high 
values of GCV and h2

bs accompanied by high GA(%) suggest that 
improvement of these would be effective through phenotypic selection. High 
h2

bs associated with moderate to low GA(%) for flowers per cluster and 
clusters per plant may be attributed to non-additive gene action and may be 
further improved through hybridization, which are in consistence with some 
researchers (6, 11).  
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