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Estimation of Genetic Variability and Heritability of Morphological Traits and
Yield of Advanced Greenhouse Tomato Lines for Selection of Early Yield Parental
Lines
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Fig. 1. Schematic diagram of line selection in the population resulting from commercial cultivar X.
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Table 1. The formula used for estimating the phenotypic and genetic variance components

Jse o
Variance bls Formula Reference
Environmental Variance(c2) oo bl 0f = MSe Burton and De Vane, 1953

Genotypic Variance (o)

Phenotypic Variance (o)

. 2
55 bl 0

e 5% sl of =04+ 02 Burton and De Vane, 1953
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- r

Burton and De Vane, 1953

Genotypic Coefficient of Variation (GCV)  Su5 ol s oy GCV:\E; % 100 Burtonand De Vane, 1953
X

Phenotypic Coefficient of Variation (PCV)  _s s ol o o o PCV:JT(? % 100 Burton and De Vane, 1953

Broad sense heritability (h?)
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Table 2. Analysis of variance for studied traits and estimation of genetic phenotypic variance components for advanced glasshouse tomato
lines

@35 w s
S.0.V. Sl oS e df Y FN FW FD FL PL LN FID TSS pH
Line oY 48 168231.00**  15.54** 1142.00** 150.87** 49.78** 486.40** 9.21** 391.50** 1.73**  0.44*
Error Las 98 30666.00 3.24 170.00 12.54 12,51 215.1 1.67 94.00 0.29 0.05
Genetic variation S5 bl 45855.00 4.10 324.00 46.11 12.42 90.43 2.51 99.17 0.48 0.13
Phonotypic variation e 58 bl 76521.00 7.34 494.00 58.65 24.93 305.40 4.18 193.17 0.77 0.18
Genetic coefficient variation S5 Sl kS e 38.63 58.01 17.29 12.54 6.98 11.45 28.08 16.24 16.86 7.85
Phonotypic coefficient variation s o ,o% < 49.90 77.63 21.35 14.12 9.90 21.05 36.24 22.67 21.36 9.24
Broad sense heritability s Sy Sy 59.92 55.85 65.58 78.62 49.82 29.61 60.05 51.34 62.34  86.67
* and **: Significant at the 5% and 1% probability levels, respectively. 53 8 5 Aoy gy el o )3 s gme 5 4T

pH A'IJMJ:M‘}SS J}.\m u\.ﬁl’J{:‘}.ﬁ ‘FID 45319)\ A&? J:S}‘ alold ALN ‘J_:':T‘)f aj)l\:g’_fﬂ 3ldas ‘PL W d)la ‘FL KN d}b ‘FD Zaﬂjﬁ‘FW 0 gun Ohs ‘FN 10 gan sldas LY 10 gan :JgLo.G
Y: Fruit yield, FN: Fruit number, FW: Fruit weight, FD: Fruit diameter, FL: Fruit length, PL: Plant length, LN: Leaf number below first cluster, FID: First
inflorescence distance, TSS: Total soluble solids, and pH: Acidity.
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Table 3. Mean comparison for quantative and fruit quality traits of advanced greenhouse tomato lines

Line -.¥o,ls Y (Q) FN FW (g) FL (mm) FD (mm) pH  TSS (%) FID (cm) PL (cm) LN
1 363.1e-i 2.0e-g 118.0b-e 55.3a-e 64.9bc  4.51d-g 3.8c-j 88.7a 106.2ab 4.7d-h
2 289.8e-i 2.0e-g 80.3f-i 48.7cd-i 44.5p-r 43d-g 3.7cj 55.6c-h 83.3af 7.0af
3 285.0e-i 2.0e-g 114.0b-f 55.1a-e 55.8f-m 4.3e-g 3.4fg-j 56.0c-h 89.0a-f 6.0b-h
4 202.5f-i 1.09 96.0d-i 50.1a-i 44.8p-r 4.4d-g 4.1b-i 37.0gh  51.5f 5.0d-h
7 431.6e-i 3.0c-g 86.3f-i 49.0c-i 49.6n-r 4.6c-g 3.9bc-j 60.0b-h 95.0a-e 4.3e-h

8 217.5f-i 1.09 90.0e-i 48.2c-i 48.1o-r 4.8c-e 43b-i 72.0a-e 99.0a-d 9.0ab
10 1094.2b-d  6.0b-d  78.6f-i 49.4b-i 50.2m-r 4.6¢c-g 3.9b-j 41.0fgh 80.5a-f 4.0fgh
11 1102.1b-d  6.6a-c  109.4b-g 49.5bc-i 53.2h-p 4.5d-g 3.8¢cj 73.6a-d 102.6-c 3.6f-h

12 217.8f-i 1.0g 120b-d  56.1a-d 59.1c-i  5.3b 3.8cj 69.5a-e 85.0a-f 10.0a
13 478.0d-i 3.3c-g 98.5d-h 47.2d-i 58.7c-i  4.6c-g 3.2g-j 70.0a-e 70.6b-f 8.0a-d
14 565.9d-h  3.3c-g 123.2bc 52.4a-g 65.4b-e 4.6¢c-g 3.1h-j  55c-h 76.0b-f  4.0f-h
15 1470.1a  10.0a 117.6b-e 54.3a-f 60.9b-h 4.7c-f 2.8j 60.3b-g 88.0a-f 5.3c-h
16 1180.3bc  8.2ab  106.6¢c-g 48.7c-i  57.0d-j 5.1bc  4.0b-j 59.6b-h 109.3a  4.0f-h
17 461.2d-i  2.5d-g 132.0bc 49.5b-i 54.3g-0 4.8c-e 5.7a 40.0f-h  63.0d-f 4.0f-h
18 701.4c-g 4.0c-g 106.1c-g 44.3g-i 47.90-r 4.7c-f 4.2b-i 52.0d-h 88.5a-f 5.0d-h
19 420.0e-i 2.0e-g 123.0bc 47.3d-i  43.3r 4.3d-g 3.3fj 60.6b-g 8l.7a-f 5.3c-h
25 182.71-i 1.5fg 73.4g-i 45.6f-i 47.40-r 4.7cf 35ej 83.0ab 8l.7a-f 8.5a-c
26 842.5c-e  4.6b-f 126.4bc 55.7a-e 63.3b-d 4.5d-g 4.1b-i 755a-d 91.3a-e 8.0a-d
27 485.0d-i  3.6c-g 105.8-g 53.4a-g 60.1b-h 4.9b-d 3.8c-j 73.0a-d 96.3a-e 6.0b-h
29 240.0e-i 2.0e-g  96.0d-i 54.0a-f 52.7j-q 4.9b-d 3.5e-j 70.5a-e 96.5a-e 6.5b-g
30 926.2b-e  5.5b-e 123.8bc 56.6a-c 59.4b-h 4.7c-f 4.2b-i 64.0a-f 86.0a-f 10.0a
31 651.5c-g 4.3c-g  77.3f-i 46.3e-i 45.8p-r 4.4d-g 4.7a-f 62.0b-g 90.6a-e 4.0f-h
32 408.7e-i  4.3c-g  67.1g-i 49.7b-i 48.60-r 4.4d-g 4.5a-g 51.6d-h 75.0b-f 6.0b-h
33 484.0d-i 3.0c-g 87.5f-i 47.9c-i  499n-r 4.6c-g 4.7a-f 47.0e-h 64.3c-f 8.0a-d
34 716.2c-g 6.0b-d  73.1g-i 53.2a-g 48.30-r 4.4d-g 4.7a-f 63b-f 89.6a-f 6.0b-h
35 705.7c-g 5.3b-e  91.8ef-i 52.9a-g 55.3f-n 4.2.0fg 5.la-c 59.0b-h 80.6a-f 7.6a-de
36 9735b-e  4.0c-g 194.7a 543af 75.7a 4.4d-g 4.95a-d 71.0a-de 59.0ef 8.0a-d
37 1115.1bc =~ 6.0b-d 131.0bc 48.7c-i 60.8b-h 4.3efy 4.8a-f 61.0b-g 89.6a-f 5.0d-h
38 60.0i 1.09 50.0i  42.7i 42.9r 44d-g 4.1b-i 79.0a-c  71.0b-f 3.5gh
39 131.2g-i  1.0g 60.0hi  42.8i 46.70-r 4.4d-g 3.4fgj 69.0a-e 63.0d-f 4.0fgh
40 1270.5a  10.5a 85.9f-i 54.7a-f 57.3c-i 4.5d-g 4.7a-f 58.0b-h 82.0a-f 4.0f-h
41 234.1e-i 15fg  124.8bc 54.4a-f 61.8b-f 4.5d-g 53ab  47.0e-h 84.3a-f 4.0f-h
42 663.3c-g 2.3d-g 191.4a  45.3f-i 55.5f-n 4.6c-g 4.2bc-i 68.5a-e 82.3a-f 5.5c-h
43 219.2f-i 15fg  116.9b-e 53.4a-g 58.3c-i 4.5c-g 4.9a-e 54.5c-h 89.5a-f 6.0b-h
44 621.1d-h  4.0c-g  97.7d-h 47.4d-i 49.7n-r 4.6c-g 3.6dj 51.6d-h 96.3a-e 6.3b-h
47 966.0b-e  6.0b-d 108.8b-g 57.2ab  55.3f-n 4.6¢c-g 4.3b-i 71.0a-e 69.5b-f 3.0h
48 596.6d-h  4.0c-g 102.8c-h 52.0a-i 56.le-l 4.6c-g 4.0b-j 68.0a-e 97.5a-e 4.5e-h
49 799.1c-f  5.0b-e 119.1b-d 50.4a-i 54.7g-0 4.7c-f 4.4a-h 63.0b-f 91.0a-e 6.3b-h
50 637.5d-h  3.3.0c-g 136.8bc 58.5a 61.0b-g 4.6c-g 4.5a-g 67a-e 88.3a-f 4.0f-h
51 337.7e-i 2.0e-g  90.le-i 49.9b-i 42.8qr 4.6c-g 5.la-c 59.5b-h 90.0a-f 7.0a-f
52 528.3d-h  3.6c-g 105.8c-g 50.8a-i 55.7f-n 4.3d-g 4.8a-f 50.6d-h 78.6b-f 4.6d-h
53 367.2e-i  3.6c-g 70.2g-i 47.0e-i 57.7d-k 4.3d-g 45ag 53.3c-h 86.0a-f 5.0d-h
54 232.5e-i 1.0g 156.0ab 54.2a-f 68.1ab 4.1g 4.2b-i  57.0c-h 92.5a-e 5.0d-h
55 105.0hi 1.0g 84.0f-i 51.2a-i 53.1h-p 4.2d-g 4.7a-f 35.0h 62.0d-f 4.0f-h
60 375.0e-i 2.0e-g 111.0b-f 43.0hi 47.60-r 45d-g 4.9a-d 60.0b-h 76.0b-f 4.0f-h
61 858.7c-e  3.5c-g  66.8g-i 44.6g-i 51.5l-r 433d-g 4.1b-i 68a-e 69.0b-f 4.0f-h
62 45.6i 1.0g 50.0i  46.0e-i  42.0r 6.7a 1.2k 64.0a-f 83.0a-f 7.0a-f
64 345.6ei 2.0e-g 120.2b-d 52.1a-h 60.5b-h  4.8¢c-f  3.0ij 67.0a-e 85.6a-f 6.3b-h
66 812.5c-f  5.0b-f  97.6d-h 46.6e-i 50.2m-r 4.6c-g 4.2b-i 71.0a-e 103.3a-c 6.3b-h
Q}L&JM)A@J&\GL)Aﬁl:s\w\:xgaijwbljg“ﬁ@d{}h@fﬁﬁi‘}élbébbSg&jﬁ,&)ég&h@iﬁlﬁ
WLl ls pme

Means, in each column, followed by at least one letter in common are not significantly different at the 5%

probability level-using Duncan’s Multiple Range Test

dols LN 3T 8 ol 668 slaws PL tw g Sk FL o g Jobo FD e sn s FW i 500 055 FIN 16 g 31t (Y 2o 50 5 Shas
PH ta a5 TSS 1 glows b JS 5150 FID 16 3 51 as s o)

Y: Fruit yield, FN: Fruit number, FW: Fruit weight, FD: Fruit diameter, FL: Fruit length, PL: Plant length,

LN: Leaf number below first cluster, FID: First inflorescence distance, TSS: Total soluble solids, and pH:

Acidity.
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Fig. 2. Heat map of Pearson’s correlation coefficients between studied traits of advanced
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Y: Fruit yield, FN: Fruit number, FW: Fruit weight, FD: Fruit diameter, FL: Fruit length, PL: Plant length, LN:
Leaf number below first cluster, FID: First inflorescence distance, TSS: Total soluble solids, and pH: Acidity.
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Fig. 3. Dendrogram of cluster analysis for studied traits of advanced greenhouse tomato lines

-using Ward’s method
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ABSTRACT
Vakili Bastam, Sh., Imani, M. R. and Aghajani, M. A. 2025. Estimation of genetic variability and
heritability of morphological traits and yield of advanced greenhouse tomato lines for selection of early
yield parental lines. Seed and Plant, 41, pp.95-114 (in Persian).

In this study, 49 advanced greenhouse tomato lines obtained at the Golestan
Agricultural and Natural Resources Research and Education Center in Gorgan were
evaluated to identify and select early yield lines in one-month harvest for being used in
the breeding program for development of new early yield hybrid cultivars. The results
revealed significant differences between tomato advanced lines for the studied traits,
which indicates the existence of genetic diversity among the lines selected from the initial
populations. All traits had high broad sense heritability. The highest positive correlation
coefficient was observed between fruit yield and fruit number, fruit weight and fruit
diameter, and correlation coefficient between total soluble solids and pH was negative.
Cluster analysis grouped 49 tomato lines into four groups. Line number 15 from the third
group, line 36 from the fourth group, and lines 54 from the first group were identified and
selected as parental lines in the tomto breeding program for development of new hybrids
for different purposes.

Keywords: Tomato, plant length, fruit number, fruit weight, broad sense heritability.
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Introduction

Choosing suitable cultivar, application of proper crop management and appropriate
greenhouse systems are essential for successful greenhouse tomato production. In the past
two decades, various researches have been conducted for tomato breeding (Hassan et al.,
2021). One of the most important factors in increasing the fruit yield and quality of
greenhouse tomato is the introduction of new high yielding hybrid cultivars that are
adapted with modern technologies and the specific conditions of each region. In this
study, 49 advanced greenhouse tomato lines that were obtained at the Golestan
Agricultural and Natural Resources Research and Education Center in Gorgan were
evaluated to identify and select early yield lines for being used in the breeding program
for the development of new early yield hybrids.

Materials and Methods

A total of 49 advanced greenhouse tomato lines were grown in a soil-bed greenhouse
at Golestan Agricultural and Natural Resources Research and Education Center in
Gorgan, Iran. Different yield related traits were evaluated and recorded for the studied
advanced pure lines during the one-month harvest period (with the aim of selecting early-
maturing lines). These traits included: number of marketable fruits, average fruit weight,
fruit length and diameter, first inflorescence distance, plant length at the last harvest, leaf
number below first cluster, total soluble solids, and juice pH. Data analysis and drawing
heat map of correlation coefficients and cluster dendrogram were performed using R 4.4.2
statistical software. Duncan's multiple range test at the 5% probability level was used for
mean comparison.

Results and Discussion

Analysis of variance showed significant differences between tomato lines for all
studied traits at the 1% probability level, which indicates the existence of genetic diversity
among studied tomato lines. The heritability of most studied traits was high. The fruit
yield, which is a quantitative trait controlled by many genes, had high broad sense
heritability. Similar results have been reported for the heritability of fruit yield trait in
tomato by other researchers (Daftarian and Golabadi, 2018). Fruit yield plant® had
positive and highly significant correlation coefficients with fruit number, fruit weight,
and fruit diameter. The significant correlation coefficients of fruit yield with fruit number,
fruit weight, and fruit diameter in tomato have been reported in othetr studies (Bujarian
et al., 2018; Kumari and Sharma, 2013). Cluster analysis was performed based on the
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standardized means of traits. The result showed that 49 advanced tomato lines were
grouped into four groups. Line number 15 from the third group, line number 36 from the
fourth group, and lines 54 from the first group were identified and selected as potential
as parental lines. These lines can be used in tomato breeding programs for development
of new hybrid cultivars for different purposes.
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