
Abstract 
The data was generated from twenty morphological and disease traits for estimating the correlation and path coefficient 
analysis, stability and diversity analysis. In results of genotypic & phenotypic correlation and path coefficient analysis, the 
maximum and positive correlation of yield was stand with the fruit average weight of 10 fruits (0.311 & 0.302), number 
of fruits/plant (0.275 & 0.291), fruit weight (0.253 & 0.241cm), fruit size of scar around peduncle end (0.213 & 0.202) and 
fruit number of locules (0.264 & 0.252), while, the yield was negatively correlated with some horticultural traits along with 
ToLCV (-0.582 & -0.557) and early blight (-0.375 & -0.360). Some characters showed low heritability (<1.00) with high genetic 
advances like Stem length of internode between 1st and 4th inflorescence (0.967 & 18.866), time of 50% flowering (0.997 
& 13.799), fruit average weight of 10 fruits (0.999 & 48.535), number of fruits/plant (0.987 & 19.721), time of maturity from 
seed sowing (0.940 & 15.822), ToLCV (0.985 & 31.765) and early blight (0.992 & 37.786) which were exhibited additive gene 
action. Out of 24, a total 11, 13, 14 and 12 cultivars showed less than or equal to one (b<1 or b=1) regression coefficient 
for ToLCV (0.39-0.99), early blight (0.11-0.89), SLI (0.50-1.00) and number of fruits/plant (0.58-1.00), respectively. 
Keywords: Tomato; ToLCV and early blight resistance; correlation; heritability and genetic advance; genetic diversity.
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Introduction
Tomato (Solanum. lycopersicum) has a rich diversity of 
genetic resources across the world (Singh et al., 2021). The 
tomato crop is affected by numerous viral, fungal, and 
bacterial diseases, but tomato leaf curl (ToLCV) and early 
blight (EB) diseases are the most destructive and hamper 
tomato production (Singh et al., 2015; Singh et al., 2017; Singh 
et al., 2020). Cultivated tomatoes are inherently susceptible 
to these diseases and are always directly correlated with 
yield-related traits (Singh et al., 2020). The phenotypic 
traits of tomatoes are determined by their diverse genetic 
structure, environment, and interaction between genotypes 
and environment. The varietal improvement demands are 
not only important for utilizing the appropriate traits but 
also essential for protecting the distinctiveness of varieties. 
The appearance of phenotypic plant characters is controlled 
by the genetic constitution of a gene and the interaction 
between genotypes and the environment (Singh et al., 2020; 
Singh et al., 2021). The genetic variance of a quantitative 
trait is composed of an additive variance (heritable) and 
non-additive variance and also includes epistasis (non-allelic 
gene interaction) and dominance (Al-Aysh et al., 2012).

The phenotypic yield and disease inherent can be 
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classified as either qualitative (where variation is controlled 
by one gene) or quantitative (where variation is continuous 
and controlled by several genes) in tomatoes according 
to their heritability (Al-Aysh et al. 2012; Singh et al. 2015; 
Singh et al., 2020). The information on the nature of total 
phenotypic variability, along with the scale of heritability 
for any quantitative character during the improvement of 
tomato crops, is more important for a breeder (Al-Aysh et al. 
2012), whereas the correlation matrix between heritability 
and genetic advance helps in determining the influence 
of the environment (Singh et al., 2020; Singh et al., 2021). 
Correlation coefficient analysis is a statistical measure 
that offers a perception of the genetic variability existing 
in populations and gives the direction of a relationship 
between two or more variables for genetic improvement 
in yield traits (Singh et al., 2021). The path analysis, on the 
other hand, measures the direct and indirect effects of a 
set of dependent variables on an independent variable, 
which helps in the selection of the best genotypes (Kumar 
et al., 2013; Khapte and Jansirani, 2014). A stability test 
refers to the static genetic behavior of genotypes in a 
diverse environment. Hence, stable phenotypic characters 
of a genotype have great importance due to changes in 
the environmental condition from year to year and region 
to region (Singh et al., 2021). The performance of stable 
genotypes for quantitative characteristics such as stabilizing 
yield traits and disease characteristics depends upon the 
level of genotype × environmental interaction (Kumar et al., 
2013. Singh et al., 2020; Singh et al., 2021). The development 
of a resistant, yielder and consistent genotype depends 
on the genotypes and, environmental interactions, and 
phenotypic stability. The phenotypic stability is important 
for the selection of better varieties for breeding purposes in 
a wide range of environments. Therefore, this is a need to get 
information about the relationship between morphological 
and disease characteristics for improving the yield capacity 
in different environments for genetic improvement of 
tomatoes. 

Materials and Methods
About 82 extant cultivars of tomato were collected from 
diverse climatic zones of India (Singh et al., 2020, 2021). All 
the cultivars were grown in a randomized block design in 
three replications (30 plants in a replication) at the vegetable 
research experimental farm of ICAR-Indian Institute of 
Vegetable Research (IIVR), Varanasi. All the standard 
agronomical practices were applied to grow a good crop.

Twenty morpho-physiological characters viz., stem 
length of internode between the 1st and the 4th inflorescence 
(SLI) in centimetre, leaf length (LL) in centimetre, leaflet 
length (LtL) in centimetre, leaf width (LW) in centimetre, 
leaflet width (LtW) in centimetre, flower calyx size (FCS) in 
centimetre, jointed peduncle length (JPL) from abscission 

layer to calyx in centimetre, time of 50% flowering  (TFF) in 
days, fruit average weight of 10 fruits (FAW) in gram, number 
of fruits/plant (NFPP), fruit length (FL) in centimetre, fruit 
width (FW) in centimetre, fruit size of scar around peduncle 
end (FSSAPE) diameter in centimetre, fruit size of core in 
cross section (FSCCS) in relation to the total diameter in 
millimetre, fruit thickness of the pericarp (FTP) in centimetre, 
fruit number of locules (FNL), time of maturity from seed 
sowing (TMFSS) in days, were observed according to DUS 
test guidelines of tomato (Singh et al., 2021) as well as, 
tomato leaf curl virus (ToLCV) and early blight (EB) were 
recorded on leading stages (Singh et al., 2020). For the 
measurement of yield/plant in kilogram (kg), the number of 
fruits per plant was multiplied by the average fruit weight 
(g) and divided by 1000 (Singh et al., 2015). For tomato leaf 
curl virus (ToLCV) and early blight (EB) diseases, the data was 
recorded on a 6-points (0–5) scale from the first appearance 
of the symptoms (Singh et al., 2012; Singh et al., 2015; Singh 
et al., 2020).

Statistical analysis
A statistic software INDOSTAT version 8.5 (www.indistat.
com) was used for analyzing the genotypic and phenotypic 
correlation coefficient, correlation between heritability and 
genetic advances, path analysis (direct and indirect effect) 
and stability analysis by using 20 morpho-physiological 
traits of 82 tomato extant cultivars. The genotypic and 
phenotypic correlation coefficient was estimated as 
described by Singh and Choudhary (1985). The correlation 
between heritability and genetic advance was determined 
by Johnson et al. (1955) and Singh and Choudhary (1985). The 
path analysis (for direct and indirect effect) was estimated as 
per the method of Wright (1921) and elaborated by Dewey 
and Lu (1959). Among the 82 extant cultivars of tomato, only 
24 were selected for the stability test on the basis of their 
resistance and high yield ability. The data from four years was 
analyzed for isolation of stable genotypes for yield-related 
traits viz., SLI, NFPP and FYPP, along with disease incidence of 
ToLCV and EB. The statistical model involved the estimation 
of the mean (m), regression coefficient (b), and deviation 
from regression (s2di) for the expression of genotypes × 
environmental interaction (Eberhart and Russell, 1966). A 
dendrogram was constructed for diversity analysis by using 
twenty characteristics from 82 extant cultivars of tomato. 
The cluster was constructed on the basis of the Euclidian 
distance coefficient and unweighted pair-group method 
of arithmetic means (UPGMA) using NTSYS-PC software 
version 2.11s (Rohlf, 2005).

Results and Discussion

Correlation between genotypic and phenotypic traits
The correlation coefficient helps to find out the relationship 
between various plant characters. The results of genotypic 
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and phenotypic correlations coefficient in the present 
investigation indicated that the FYPP was positively 
correlated with SLI, FCS, JPL, FAW, NFPP, FW, FSSAPE, FSCCS, 
FTP, FNL and TMFSS at both genotypic and phenotypic level. 
The yield was negatively correlated with remaining traits, 
e.g., LL, LtL, LW, LtW, TFF, FL, and PDI% for ToLCV and EB at 
both genotypic and phenotypic levels (Table 1). Previously, 
it has been studied that the positive correlation of yield 
per plant with stem length, number of fruits, and time of 
maturity is responsible for increasing the yield capacity 
(Kumar et al., 2013; Khapte and Jansirani, 2014; Singh et al., 
2021), while, negative correlation of yield per plant with leaf 
size, fruit size and disease traits (ToLCV and EB) have been 
reported for yield hindrance (Singh et al., 2012; Singh et al., 
2015). In the present investigation, it was also observed that 
the disease parameters like ToLCV and EB had a negative 
correlation with SLI, LL, LW, FCS, FAW, NFPP, FSCCS, FTP, 
FNL, and TMFSS at both genotypic and phenotypic levels. 
The negative correlation of yield components with ToLCV 
and EB diseases reflected the yield loss (Singh et al., 2015). 
As well as a number of locules had maximum positive and 
significant correlation with FW (0.513 & 0.499). However, the 
FL and FW showed maximum significant positive correlation 
with FAW (0.522 & 0.517 and 0.833 & 0.819) at both genotypic 
and phenotypic levels (Table 1). This study confounded that 
the number of locules of tomato fruits is associated with 
the fruit weight, size of core in cross-section, and size of 
scar around the peduncle end. The fruit length, fruit weight 
and fruit size were associated with the fruit weight (Kumar 
et al., 2013; Khapte and Jansirani, 2014; Singh et al., 2020; 
Singh et al., 2021). 

Path coefficient analysis
The path coefficient analysis measures the direct and 
indirect effects of a set of associations between dependent 
variables on independent variables. In the case of the direct 
effect of various characters, FAW, NFPP, FTP, FSSAPE, FNL, 

and TMFSS had a positive direct effect on FYPP at genotypic 
and phenotypic levels (Table 2). On the other hand, the 
remaining traits showed negative direct effects on FYPP. 
Previously, similar results were reported for positive and 
negative direct effects on FYPP with yield-related traits 
in tomatoes (Khapte and Jansirani, 2014). In the case of 
maximum and positive indirect effect (off-diagonal) on 
fruit yield/plant was observed for FAW (0.311 & 0.302) and 
NFPP (0.275 & 0.291). In addition, the maximum negative 
indirect effect on fruit yield/plant was observed for ToLCV 
(-0.582 & 0.557) and EB (-0.375 & 0.360) at the genotypic 
and phenotypic levels (Table 2). Earlier, Singh et al. (2015) 
reported similar results and found a significant contribution 
to yield through plant height, flower clusters, leaves/plant, 
number of fruits/plant, and negative path for diseases. 
Whereas high and positive indirect effects on average fruit 
weight through LL, LtL, LW, FL, FW, FSSAPE, FSCCS, FTP, 
FNL, and TMFSS (Table 2). On the other hand, a high and 
negative indirect effect was observed towards NFPP through 
LtW. Generally, most of the characters revealed an indirect 
effect on FYPP responded the similar results with correction 
efficiency of genotypic and phenotypic levels (Table 1) and 
corroborated the findings reported by Kumar et al. (2013) and 
Khapte and Jansirani (2014). Similar findings of the positive 
and negative indirect effects have been discussed by Kumar 
et al. (2013) and Khapte & Jansirani (2014). 

Correlation between heritability and genetic advance
The correlation matrix between broad-sense heritability and 
genetic advance at 5% is presented in Table 3. The results of 
heritability indicated that the correlation matrix was positive 
and high for fruit yield/plant with all the morphological 
traits. Some traits viz., LtW, FCS, JPL, FL, FSSAPE and FTP were 
found with high genetic advance and high heritability (>1). 
The characters with high heritability and genetic advance 
may be affected by environmental conditions (Singh et al., 
2020). Most of the characters exhibited low genetic advance 

Table 4: Analysis of variance for stability analysis of 24 tomato genotypes for disease traits (ToLCV and EB) and yield-related traits (SLI, NFPP, 
YPP)

Variance df PDI (%) for ToLCV PDI (%) for EB SLI NFPP YPP
Rep within Env. 8 4.196 *** 9.934 *** 12.832 *** 0.762 *** 0.005 ***
Varieties 23 809.902 *** 463.865 *** 464.341 *** 367.078 *** 0.136 ***
Env.+ (Var.* Env.) 72 44.097 *** 17.834 *** 1.820 *** 0.954 *** 0.014 ***
Environments 3 886.664 *** 314.940 *** 33.455 *** 20.161 *** 0.343 ***
Var.* Env. 69 7.463 *** 4.917 *** 0.444** 0.119 *** 0.000*  
Environments (Lin.) 1 2659.993 *** 944.821 *** 100.366 *** 60.482 *** 1.029 ***
Var.* Env.(Lin.) 23 22.245 *** 13.882 *** 0.334** 0.320 *** 0.000*  
Pooled Deviation 48 0.069 0.416 0.479 0.017 0.000  
Pooled Error 184 2.719 1.376 2.278 0.947 0.003  
Total 95 229.502 125.821 113.799 89.594 0.044  

*,**,***Significance Levels at P=<0.05, <0.01, <0.005 and <0.001; PDI (%) for ToLCV=Percent disease incidence for tomato leaf curl virus; PDI (%) 
for EB= Percent disease incidence for early blight; SLI= Stem length of internode between 1st and 4th inflorescence (cm); NFPP=Number of 
fruits per plant; YPP= Fruit yield per plant
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and heritability (<1) and showed significant results (Table 
3). Similar findings were reported in Singh et al. (2020) and 
Rani and Anitha (2011). In this study, FYPP was found to 
have positive and high genetic advance and heritability 
correlation matrix with FAW (0.999 & 48.535), ToLCV (0.985 
& 31.765), EB (0.992 & 37.786) followed by NFPP, SLI, TMFSS 
and time of flowering. Highly heritable characteristics, 
along with high genetic advance, can be further improved 
through individual plant selection (Rani and Anitha, 2011; 
Singh et al., 2020; Singh et al., 2021). It was also observed that 
many characters had high genetic advances with moderate 
heritability, linked to additive gene action and very useful 
in selection. The study of association between the traits 
helps in the selection of cultivars and also proffers a way 
for simultaneous selection of more than one trait. Similar 
results in tomatoes were observed by Singh et al. (2020). 
However, some morphological characters showed high and 
moderate heritability with a low genetic advance by using a 
strong correlation matrix with yield/plant (Table 3). Rani and 
Anitha (2011) suggested that the high heritability with low 
genetic advance is due to the presence of non-additive gene 
effects and high genotypic and environmental interaction. 

Stability analysis
A total of 24 extant tomato cultivars were used for stability 
test analysis with the disease traits (ToLCV and EB) and 
high values of yield-related traits (SLI, NFPP, and FYPP). The 
stability analysis revealed that the estimates of genotypes, 
environment and G × E variances were highly significant 
for most of the characters (Table 4). The estimates of the 
mean (m), deviation from regression (s²di), and regression 
coefficient (b) for resistant incidence and related yield traits 
were calculated for the stability test (Table 5). In the stability 
test, six cultivars (‘Columbia’, ‘Feb-2’, ‘Kashi Sharad,’ ‘NDT-1’, 
‘Punjab Varkha Bahar-1’ and ‘Swarna Naveen’) were common 
and occupied less than ‘1’ average response (b<1) for ToLCV 
and EB diseases, while, the seven cultivars (‘Columbia,’ ‘CTS-
06’, ‘Flora-Dade,’ ‘Kashi Sharad,’ ‘Pant T-5’, ‘Punjab Varkha 
Bahar-1’ and ‘Punjab Varkha Bahar-2’) gave less than ‘1’ 
average response (b<1) for SLI and NFPP. In contrast, the 
fruit yield traits showed an equal to ‘1’ regression coefficient 
(b=1) and close to ‘0’ deviation from the regression (s2di=0) 
for all the cultivars. Those cultivars taken less than or equal 
to the ‘1’ average response (b<1 or b=1) are stable in each 

Table 5: Stability analysis in 24 tomato genotypes under different environments for disease traits (ToLCV, EB) and yield-related traits (SLI, NFPP 
and YPP).

Genotypes                                                     PDI (%) for ToLCV PDI (%) for EB SLI NFPP YPP (kg)
m b S²di m b S²di m b S²di m b S²di m b S²di

Arka Alok 26.64 0.63 -2.72 38.99 1.99 -1.57 46.93 1.35 -2.57 19.53 0.73 -0.91 1.36 1.00 -0.03
ArkaVikash 52.72 1.54 -2.67 15.51 0.74 -1.65 33.05 0.94 -2.24 26.93 1.00 -0.94 1.27 1.00 -0.03
Azad T-6 55.30 1.39 -2.76 15.27 0.73 -1.64 26.47 0.77 -2.72 30.26 1.13 -0.94 1.17 1.00 -0.03
Bhagyashree 24.94 0.55 -2.74 25.84 1.29 -1.73 17.33 0.50 -2.72 31.59 1.18 -0.94 1.30 1.00 -0.03
CO-3 40.40 0.99 -2.78 29.74 1.50 -1.72 26.10 0.75 -2.72 28.60 1.06 -0.94 1.53 1.00 -0.03
Colambia 22.45 0.52 -2.69 16.13 0.16 5.80 30.69 0.89 -2.72 22.28 0.83 -0.94 1.64 1.00 -0.03
CTS-06 50.23 1.25 -2.77 15.92 0.76 -1.65 17.32 0.50 -2.72 15.71 0.58 -0.59 1.18 1.00 -0.03
DCT-2 46.66 1.16 -2.78 23.18 1.15 -1.73 61.03 1.49 2.98 54.86 2.04 -0.93 1.34 1.00 -0.03
FEB-2 35.31 0.86 -2.77 10.13 0.46 -1.53 24.27 0.70 -2.72 29.93 1.11 -0.94 1.36 1.00 -0.03
Floradade 67.05 1.70 -2.68 26.72 1.34 -1.73 27.00 0.78 -2.72 19.29 0.72 -0.94 1.58 1.00 -0.03
Kalyanpur T-1 52.59 1.32 -2.77 23.05 1.14 -1.73 49.91 1.44 -2.72 27.27 1.01 -0.94 1.57 1.00 -0.03
Kashi Sharad 36.47 0.89 -2.77 2.97 0.11 -1.53 33.75 0.97 -2.72 19.29 0.72 -0.94 1.46 1.00 -0.03
Kashi Vishesh 59.17 1.49 -2.74 25.81 1.29 -1.73 34.61 1.00 -2.72 27.60 1.03 -0.94 1.49 1.00 -0.03
Manileima 49.28 1.23 -2.78 18.19 0.89 -1.69 34.78 1.01 -2.72 17.96 0.67 -0.94 1.25 1.00 -0.03
Mukthi 48.53 1.21 -2.78 30.80 1.55 -1.71 47.35 1.37 -2.72 46.88 1.74 -0.94 1.37 1.00 -0.03
NDT-1 34.23 0.83 -2.76 16.55 0.80 -1.66 49.16 1.36 2.38 16.96 0.63 -0.94 1.46 1.00 -0.03
Pant T-3 38.88 0.95 -2.78 51.78 2.67 -1.13 28.90 0.83 -2.72 40.23 1.50 -0.94 1.36 1.00 -0.03
Pant T-5 50.50 1.26 -2.77 11.48 0.53 -1.56 32.72 0.94 -2.72 18.62 0.69 -0.94 1.60 1.00 -0.03
Patharkuchi 42.30 1.04 -2.78 13.98 0.66 -1.62 32.05 0.93 -2.72 28.60 1.06 -0.94 1.28 1.00 -0.03
PVB-1 17.84 0.39 -2.65 9.85 0.44 -1.52 30.99 0.89 -2.72 22.94 0.85 -0.94 1.38 1.00 -0.03
PVB-2 18.92 0.40 -2.69 23.15 1.15 -1.73 32.92 0.95 -2.72 21.95 0.82 -0.94 1.80 1.00 -0.03
Sel-12 60.47 1.53 -2.73 10.13 0.46 -1.53 48.30 1.39 -2.67 30.26 1.13 -0.94 1.01 1.00 -0.03
Swarna Deepti 43.00 1.06 -2.78 31.27 1.58 -1.70 36.04 1.04 -2.72 29.59 1.10 -0.94 1.39 1.00 -0.03
Swarna 
Naveen 

18.16 0.60 -2.16 13.21 0.62 -1.60 41.76 1.21 -2.72 17.96 0.67 -0.94 1.09 1.00 -0.03

Population 
Mean

41.34   20.82   35.14   26.88   1.39   

 PVB= Punjab Varkha Bahar; PDI (%) for ToLCV=Percent disease incidence for tomato leaf curl virus; PDI (%) for EB= Percent disease 
incidence for early blight; SLI= Stem length of internode between 1st and 4th inflorescence (cm); NFPP=Number of fruits per plant; YPP=Yield 
per plant (Kg); m= mean; b= regression coefficient; S2di= deviation from regression.
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environment (Kumar et al., 2013; Adewale and Adebo, 
2018; Leal et al., 2019; Singh et al., 2021). The results of the 
low or equal regression coefficient (b) (b=<1) and close to 
‘0’ deviation from regression (s2di=0) indicated the most 
stable and adaptive genotypes of tomato and can be 
grown successfully in ToLCV- and EB-disease-infested area 
(Eberhart and Russell, 1966; Singh et al., 2012; Singh et al., 
2015; Singh et al., 2020). 

Genetic diversity
A dendrogram constructed using 20 morphological traits of 
82 extant cultivars of tomato (Figure 1). In the dendrogram, 
five major clusters, ‘A,’ ‘B,’ ‘C,’ ‘D,’ and ‘E’ were formed, 
grouping 28, 7, 20, 8, and 19 cultivars, respectively. These 
five clusters are classified into nine groups: I, II, III, IV, V, VI, 
VII, VIII, and IX, with a coefficient range of 0.02 to 0.25%. In 
cluster ‘A’ and group I, the cultivars ‘Ageta-32’ and ‘NDT-3’ 
were diverse, while the cultivars ‘Azad T-2’ and ‘CO-3’ were 
very close. Similarly, in clusters ‘B,’ ‘D’ and ‘E’ the cultivars 
‘Punjab Ratta,’ ‘NDT-4’ and ‘Vaibhaw’ were diverse, while 
the cultivars ‘Dhanshree’ and ‘VL Tomato-4’ were closely 
related. These closeness and diverse natures in cultivars 
may be due to their genetic differences or different pedigree 
and morphological characters. The diverse characters had 
more emphasis on deciding the selection of parents for an 

appropriate hybridization program in tomato (Adewale and 
Adebo, 2018; Leal et al., 2019; Singh et al., 2021). 

Conclusion
 It is concluded that the yield per plant in tomato cultivars 
was positively and significantly correlated with SLI, FCS, 
JPL, FAW, NFPP, FW, FSSAPE, FSCCS, FTP, FNL, and TMFSS. 
Path coefficient analysis revealed that the highest positive 
direct and indirect effects were noticed in FAW and NFPP. 
However, the disease traits were negatively correlated, 
both directly and indirectly on yield. Thus, these traits can 
be used as selection keys in tomatoes to elevate the yield 
capacity. In the case of correlation between heritability 
and genetic advance, some characters showed moderate 
or low heritability with high genetic advance and some 
other characters showed high heritability with high genetic 
advance, which indicated both additive and non-additive 
gene action. The genotypes ‘Columbia,’ ‘Feb-2’, ‘Kashi 
Sharad,’ ‘NDT-1’, ‘Punjab Varkha Bahar-1,’ and ‘Swarna 
Naveen’ were either with low or equal regression coefficients 
(b<1 or b=0) for ToLCV and EB diseases. The equal regression 
coefficient (b=0) and close to zero deviation from regression 
(s2di=0) were exhibited for yield per plant. Thus, these 
cultivars can be grown successfully in disease-infested 
areas. The cultivars ‘Agata-32’, ‘Kashi Hemant,’ ‘Punjab Ratta,’ 

Figure 1: UPGMA dendrogram with Euclidean distance coefficient range generated by 82 extant cultivars of tomato (1=Ageta-32; 2=Angoorlata; 
3=Arka Abha, 4=Arka Ahuti; 5=Arka Alok; 6=Arka Meghali; 7=Arka Saurabh; 8=Arka Vikash; 9=Azad T-2 (KS-2); 10=Azad T-3=; 11=Azad T-5 (KS-7); 
12=Azad T-6 (KS-118); 13=Best of All; 14=Bhagyashree; 15=BT-11; 16= BT-136; 17=CO-3 (Marutham); 18=Columbia; 19=TS-06;  20=DARL-66; 21=DCT-
1; 22=DCT-2; 23=Dhanshree; 24=Dhrubya; 25=DMT-1; 26=Feb-2; 27=Flora-Dade; 28=GT-1; 29=GT-2; 30=Hisar Anmol (H-24); 31=Hisar Arun (Sel-7); 
32=Hisar Lalit (NT-8); 33=JT-3; 34=Kalyanpur T-1; 35=Kashi Adarsh; 36=Kashi Amrit; 37=Kashi Anupam; 38=Kashi Hemant (Sel-1); 39=Kashi Sharad 
(IIVRSel-2); 40=Kashi Vishesh (H-86); 41=Kashmiria; 42=KS-16; 43=Manileima (Sel-2); 44=Marglobe; 45=Mukthi; 46=NDT-1; 47=NDT-3; 48=NDT-4; 
49=NDT-8; 50=NDTVR-73; 51=Pant T-3; 52=Pant T-5; 53=Patharkuchi; 54=PNR–7; 55=Prestige; 56=Punjab Chhuhara; 57=Punjab Keshari; 58=Punjab 
Ratta; 59=Punjab Upma; 60=Punjab Varkha Bahar-1; 61=Punjab Varkha Bahar-2; 62=Pusa Gaurav; 63=Pusa Ruby; 64=Pusa Upma; 65=Pusa-120; 
66=Roma; 67=Sel-12; 68=Sioux; 69=Solan Vajra; 70=Swarna Deepti; 71=Swarna Gola; 72=Swarna Lalima; 73=Swarna Naveen; 74 =Utkal Deepti 
(BT-2); 75=Utkal Kumari (BT-10); 76=Utkal Pallavi (BT-1); 77=Utkal Pragyan (BT-116-3-2); 78=Utkal Raja (BT-20-2-1); 79=Utkal Upahar (BT-120); 
80=Utkal Urvashi (BT-12); 81=Vaibhaw; 82 =VL Tamatar-4) based on 20 morpho-physiological characters.
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‘NDT-4’ and ‘Vaibhav’ from sub-groups I, II, III, VII, and IX 
exhibited genetically diverse relationships with each other. 
Consequently, these stable and diverse genotypes could 
be utilized in resistant breeding programs of tomatoes to 
improve the desirable yield traits.
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साराशं

टमाटर में सहसंबंध और पथ गुणाकं विश्लेषण कले  साथ-साथ स्थिरता एिं विविधता विश्लेषण का अनुमान लगानले कले  ललए बीस रूपात्मक और रोग लक्षणो ंका अध्ययन ककया 
गया। आनुिंशिक एिं प्ारूपी रूप सहसंबंध और पथ गुणाकं विश्लेषण कले  पररणामो ंमें उपज का अधधकतम और सकारात्मक सहसंबंध 10 फलो ंकले  फल औसत िजन (0.311 
और 0.302), प्वत पौध फलो ं की संख्ा (0.275 और 0.291), फल िजन (0.253 और 0.241 सलेमी), फल कले  डंठल कले  अतं कले  आसपास वनिान का आकार (0.213 
और 0.202) और फल कले  आतंररक की संख्ा (0.264 और 0.252) था, जबकक, उपज कुछ लक्षणो ंकले  साथ नकारात्मक रूप सले सहसंबंधधत थी, जसैले कक टमाटर पण्ण कुन्चन 
विषाणु (-0.582 और -0.557) और अगलेती झलुसा (-0.375 और -0.360) था। आनुिंशिकता और आनुिंशिक उन्नवत कले  बीच सहसंबंध कले  पररणामो ंमें, उपज का 
सकारात्मक सहसंबंध सभी बागिानी और रोग लक्षणो ंकले  साथ था। कुछ लक्षणो ंनले उच्च आनुिंशिक उन्नवत कले  साथ कम पैत्रिकता (<1.00) किखाई किया जसैले कक पहलले और 
चौथले पुष्पक्रम कले  बीच इंटरनोड तना की लंबाई (0.967 और 18.866), 50% फूल आनले का समय (0.997 और 13.799), 10 फलो ंका औसत िजन (0.999 और 
48.535), प्वत पौधा फलो की संख्ा (0.987 और 19.721), बीज बोनले सले पररपक्वता का समय (0.940 और 15.822), टमाटर पण्ण कुन्चन विषाण ु(0.985 और 
31.765) और अगलेती झलुसा (0.992 और 37.786) जो योगात्मक जीन कक्रया प्िर्ित ककया था। चौबीस में सले, कुल 11, 13, 14 और 12 ककसो ंमें क्रमिः टमाटर पण्ण 
कुन्चन विषाण ु(0.39-0.99), अगलेती झलुसा (0.11-0.89), पहलले और चौथले पुष्पक्रम कले  बीच इंटरनोड तना की लंबाई (0.50-1.00) और प्वत पौध फलो ंकी संख्ा 
(0.58-1.00) कले  ललए एक सले कम या बराबर (b<1 या b=1) प्वतगमन गुणाकं ििा्णया गया।
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