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Abstract

This study aimed at determining inheritance of agronomic traits viz. plant height, days to 50% flowering, inter
truss spacing and number of trusses per plant in local and introduced tomato lines. Six generations; P4, P, F4, F,
BC,P; and BC,P, were developed for each of four bi-parental crosses between five genetically diverse parental lines;
AVTO1429, Roma VF, AVTO1424, AVTO1314 and Valoria. A split-plot design, crosses as main plots and generations
as subplot with three replicates was used in two sites during 2019, long rain season. Cross Roma VF x AVTO1424
and Roma VF x AVTO1314 were the earliest to 50% flowering in 33 days while Roma VF x Valoria select was the
latest in 35 days. F, hybrid of Roma VF x AVTO1314 showed flowering within 32 days whereas 35 days in P, (Roma
VF). Mwea Station had the tallest mean plant heights of 62cm (at 50% flowering) compared to Kabete Station with
48cm in all crosses and generations. A significant increase (>10%) in plant height at 50% flowering in comparison to
parental genotypes was registered in F, generations. Final plant height across the environments ranged from 82cm
for shorter parent (Roma VF) of Roma VF x AVTO1429 to 120 cm for taller offspring, BC,P,. Notably, both inter
truss spacing and number of trusses per plant were not significantly different (P<0.05) for crosses evaluated in both
sites. Agronomic traits which showed significant genotype x environment interaction in Roma VF x AVTO1314 were
days to 50% flowering, final plant height, and number of trusses per plant whereas, in Roma VF x AVTO1429 it was
plant height at 50% flowering and number of trusses per plant. The importance of gene effects for agronomic trait

inheritance was in additive and dominance-additive portions which implied that the traits were inherited.
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Introduction

Tomato constitutes 7% of total horticulture produce in Kenya and
14% of the entire vegetable produce [1]. The demand for fruit quality
and diversity in agronomic traits attributes for diverse production
systems by Kenyan consumers and growers continues to increase,
hence the need to improve the existing cultivars to mitigate the gap [2].
Of concern, from 2016 to 2018 there has been 30% decrease in tomato
production against increasing demand of 300,000 tonnes [3], despite
the increase of more than 41.7% in tomato consumption per capita
[4]. The consequence of decline in tomato productivity in Kenya was
tomato prices became unaffordable, resulting to importation of over
27,000 tonnes from Ethiopia and Tanzania [3].

Generation means analysis had been widely adopted in assessing
the estimation of main genetic effects such as additive, dominance
and their digenic interactions as associated with the expression of
quantitative traits [5]. Generation mean analysis had been used in
the determination of yield, cold tolerance, vitamin C and total soluble
solids and acyl sugar content in tomato [6-8]. Morphological and
agronomic traits including leaf, floral, growth habit, crop yields and
yield components provide valuable information for crop improvement
programmes [9, 10] revealed that morphological and agronomic traits
not only provide consumer satisfaction and quality raw materials for
the processing industry but also enhance the competitiveness of tomato
crop in horticultural sector. Knowledge on the relative contribution of
various traits to yields can significantly facilitate identification of high
yielding genotypes from a population of varying genotypes [11]. Study
finding of Adelana, (1975) as reported by attributed poor tomato yields
as a result of flowers not developing into fruits [12]. There are limited
tomato technologies, innovations and management practices in Kenya
and most African countries [1, 13]. Moreover, breeding programs in
Kenya have only focused on cereals, pulses, root and beverage crops,
hence no tomato breeding programme had been initiated by either

public or private company [14].

Improved tomato cultivars especially hybrids are more productive
because of the commonly reported fruit yield heterosis of 20 to 50%,
which make farmers interested in growing F, varieties. Besides the
high yields, hybrids exhibit other advantages such as early maturity,
resistance to pests and diseases, growth vigour that help overcome
abiotic stresses like drought and big fruit size of high quality [15]. It is
worth mention that, lack of varieties adapted to different agro-ecological
zones across the country poses a challenge to farmers growing hybrid
tomatoes [16]. This therefore means, demand-led breeding of locally
adapted improved varieties especially hybrids with market preferred
traits coupled with within seed production will ensure these varieties
are easily accessible and affordable by farmers than the imported
hybrid varieties [13]. The objective of this study was to determine the
inheritance of growth attributes of tomato genotypes and identifying
the cross family with great potential for further breeding.

Material and Methods

Experimental sites

Experiments were conducted at Kabete Field Station and Mwea
Research Station (2018-2019) in Kiambu and Kirinyaga Counties,
respectively. Kabete Field Station is located at 01°15’S; 036°44’E with
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an elevation of 1820m above sea level (ASL) which is at agro-ecological
zone (AEZ) I1I. It has a bimodal rainfall of 1059 mm per year distributed
in two seasons which are the long rains (March to May) and short rains
(October to December). Temperature ranges from 12.3 to 22.5°C and
soils are humic nitisols that are deep and well-drained with a pH of 5.0
to 5.4 [17].

Mwea Research Station is located at 0°41’S; 037°21'E with an
elevation of 1247m ASL which is at agro-ecological zone II. The area
has a bimodal rainfall regime of 973 mm annually with long rains
(March to May) and short rains (October to December). Temperature
ranges from 15.6 to 28.6°C and soils are Niti-rhodic ferrosols with a pH
of about 5.1 [18].

Experimental design

The experiment involved development of study populations and
field evaluations of progenies and their parents. Study populations were
developed at Kabete Field Station (April and September 2018) using a
randomized complete block design with three replicates. Hybridization
of 5 parental lines in 10 x 10 half diallel] mating design excluding
reciprocals was carried out from April-August 2018 and backcrosses to
both parents from September-December 2018 at Kabete Field Station
following a modified protocol of [19].

Plant materials

The study used 5 tomato genotypes, i.e., 3 breeding genotypes from
the World Vegetable Centre (AVRDC) in Taiwan namely; AVT01424,
AVTO01429 and AVTO01314, a commercial cultivar from Continental
Seeds Company Limited known as Roma VF, and Valoria selection
from farmers in Kirinyaga County. Genotypes AVTO1424 and
ATO1314 are semi-determinate and AVTO1429 is indeterminate that
matures and flowers early suitable for open field cultivation. However,
performances of these genotypes and productivity in terms of yields
have not been determined in Kenya [13]. Commercial variety Roma VF
is a determinate pure-line that flowers and matures early. Moreover,
this variety is low yielding, require staking, lacks trait for resistance to
bacterial wilt and insect pests [1]. Valoria selection is a determinate line
preferred by farmers in Central Kenya and requires staking. Besides,
the selection is low yielding, late flowering, late maturing, and their
traits have not been validated.

Development of Study populations

Four bi-parental crosses were developed from Roma VF and
AVTO1429, AVTAO1424, AVTOI1314 and Valoria Select giving F,
hybrids. The F s’ were backcrossed to both parents (BC,P; and BC,P)
and also advanced to F, at Kabete Field Station during September-
December, 2018 following a protocol by [20]. Six generations were
developed for each cross; Py, P,, Fi, F», BC,P; and BC,P,. Field trial
evaluations were carried out at Kabete Field Station and Mwea Research
Station during the long rain season (April-August 2019).

Evaluation of study populations

Seedlings were raised in germination trays with 204-cells (3.5 cm
deep and 2.5 cm wide) containing peat moss as planting media at
Kabete Field Station on 6™ March 2019. Trays were sown with one
seed per cell and raised under a net-house. Seedlings were watered
daily in hot weather and once on a two-day interval in cool weather to
provide sufficient moisture for growth. Seedlings having 4 true leaves
were hardened by reducing watering 25 days after sowing. Netting
was removed to expose the seedling to sunlight to become stocky
and sturdy. Seedlings were watered 12 hours before transplanting in

the field. One-month-old seedlings having pencil thickness were then
transplanted in open fields for evaluations at Kabete Field Station and
Mwea Research Station on 8" April 2019. Transplanting was done
early in the morning to reduce the transplanting shock and watered
immediately as described in manual [21]. The land was prepared by
deep (45cm) ploughing to improve the soil structure, water holding
capacity and to achieve a fine tilth. Regular ridges of 30 cm high and 25
cm wide were made to raise the beds.

A split-plot design with four families as main plots and the six
generations as subplot replicated three times was established. The
main plot had a configuration of 36x54 meters with 18 subplots of
2x3 meters. Each subplot had four rows each having five plants. The
number of plants per plot varied with generations. The segregating F,
and backcross populations were assigned more rows than the non-
segregating F, and parental populations as follows; 40 rows with
200 plants for F, generation, 20 rows with 100 plants for backcross
generations and 4 rows with 20 plants for each non-segregating
population (P, P, and F)) following a modified procedure of [22].

Crop Management

The crop was maintained weed-free by hand-weeding at a 2-3
weeks interval. The crop was mainly rain-fed and supplemented with
drip irrigation. On planting, both Di-ammonium phosphate (DAP)
fertilizer (18: 46: 0) and N: P: K (17: 17: 17) were each applied at the rate
of 12g plant™ during transplanting. The plants were top-dressed with
calcium ammonijum nitrate (CAN) at the rate of 100 kg/ha when plants
were 25 cm high and 200kg/ha 55 days after transplanting. Fertilizer
application was to ensure adequate nutrient levels for the crop to
prevent deficiency disorders [21]. Metalaxyl-M and Propineb (700g/
kg) at the rate of 50g / 20 litres of water was applied at an interval of two
weeks to manage against early and late blights. Imidacloprid (100g 1*)
and betacyfluthrine (45g 1) at the rate of 0.2  ha' and Thiamethoxam
at the rate of 8g / 20 litres water were used to control aphids, whiteflies,
and leaf miners during the crop growth cycle.

Data collection

Data on 50 F, plants, 50 plants of each parent in a cross, 300 plants
of each backcross and 600 plants of the F, generation was collected
following protocol [20]. Assessed parameters in the field trials were
plant height (cm), duration to 50% flowering and the number of trusses
per plant. Plant height was determined from the soil base of the plant
to the main stem using a metre rule at 50% flowering and physiological
maturity stage. Duration to 50% flowering (days) was determined
when half of plants population in a plot had one flower. A sample of 6
random plants per plot was assessed on the number of trusses from the
main stem and averaged at the harvesting stage. Inter truss spacing was
determined in centimetre using a metre rule as the distance between
two trusses from a sample of 6 random plants per plot and averaged

Data analysis

Traits for each generation and crosses comparison data were
subjected to analysis of variance (ANOVA) to determine their
significant differences using GenStat software 15" edition. The
variables for which ANOVA showed significant differences between
the generations, their means were separated using Tukey’s procedure
for multiple comparisons (P< 0.05) following a protocol of [22].
The significantly different variables showed by orthogonal contrasts
between parents P, and P, were further subjected to generation mean
analysis (GMA) to establish if the respective traits are quantitatively
or qualitatively inherited using the methodology proposed by [22].
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Segregation ratios were subjected to chi-square tests to establish
goodness-of-fit for observed ratios. The outcome was compared with
the observed results to determine whether the differences are because
of chance or other traits hence:-

Chi-square= (Observed- Expected)?/ Expected
Hence, =3 [(O-E)?/ E]

The calculated chi-square value was used to determine P
(probability) value from the chi-square table. If P-value obtained <5%,
the variation between the segregating ratios was influenced by other
traits but if P-value >5% the variation was due to chance and within the
acceptable deviation [23].

Generation mean analysis

Calculation of generation mean analysis followed the approach of
[20] as follows: Development of generation means: - this was calculated
by summing the number of observations for a trait in each generation
and dividing by the total number (n) of sampled plant ie. ¥ =T/n.
Calculating the variance and mean-variance of each generation was:
Variance for each generation =Y SS/ (n-1) and Mean-variance for each
generation was 7=V/n. Epistasis affects the estimation of additive
and dominance components of variance. Scaling tests were used to
determine epistatic effects for traits studied and appropriate model
for genetic analysis. Four scales A, B, C, D were used to determine the
presence of an additive, dominance, and the type of interaction effects.
Computation of the scales was achieved as A= P, +F-2BC, B=P,+F -
2BC,, C=P+P+2 F -4 F, and D=2F,-BC,-BC, Where: A= additive
x dominance (P,), B= additive x dominance (P,); C= dominance x
dominance; D=additive x additive. Test for significance of each scale
was carried out using the equation t (A) = A/SE (A). Where: A=
additive x dominance (P,) and SE= Standard error. This was done for
each scaling test. Significance of even one of the 4 scales showed the
presence of epistasis, therefore necessitated analysis of components
of means. Analysis of components of means in crosses with epistasis
was conducted using 6-parameters model since backcrosses were used
following a procedure of [20].

Results
Days to 50% flowering

In the assessment of duration to 50% flowering, the six generations
of cross Roma VF x AVTO1429 and Roma VF x AVTO1424 had no
significant difference (P<0.05) in all sites. Significant differences were
observed in cross Roma VF x AVTO1314 and Roma VF x Valoria select
at (P<0.05). Based on the mean of days to 50% flowering, cross Roma
VF x AVTO1424 and Roma VF x AVTO1314 had an equal mean of
33 days while Roma VF x AVTO1429 and Roma VF x Valoria select
had a mean of 34 and 35, respectively. Despite the marginal differences
in Roma VF x AVTOI1314 six generations, the F, hybrid showed
flowering within 32 days whereas 35 days in P, (Roma VF). Similarly,
F, hybrid in cross Roma VF x Valoria select flowered within 34 days
which was significantly different from BC,P, that flowered within 38
days (Table 1). Both Kabete Field Station and Mwea Research Station
showed marginal differences in the days to 50% flowering in all the
crosses (P<0.05).

Interactions between the two environments (Kabete Field Station
and Mwea Research Station) and the genotypes in cross Roma VF
x AVTOI1314 and Roma VF x Valoria select showed significant
differences (P<0.01) but none in cross Roma VF x AVTO01429 and
Roma VF x AVTO1424, respectively. All the scaling tests showed

significant differences (P<0.01) in cross Roma VF x AVTOI1429.
From the scaling tests, the additive, dominance, additive x additive
interaction and additive x dominance effects were -0.08**, -0.63**,
1.76** and -2.04**, respectively (** means significant at 1 % probability
levels) (Table 2). Therefore, further analysis using a 6-parameter model
was carried out since backcrosses were used. Roma VF x AVTO1429
showed presence of epistasis. Results showed that a combined gene
effect of 3.6 was higher than the interaction components of 2.29 put
together (Table 3).

Plant height at 50% flowering (cm)

Plant height at 50% flowering varied significantly (P<0.01) in
the six generations for crosses Roma VF x AVTO1429, Roma VF x
AVTO1424 and Roma VF x Valoria select but not in the six-generation
of cross Roma VF x AVTO1314 (Table 4). Plant height also showed
highly significant differences between Kabete Field and Mwea Research
Stations in cross Roma VF x AVTO1424 at (P<0.05) and Roma VF
x AVTOI1314 at (P<0.01). With exception of cross Roma VF x
AVTO1424 having significant variations at (P<0.05) for interactions
between the two environments x genotypes, all the other crosses were
not significantly different at (P<0.01). Results showed that; for all
generation in the 4 crosses, Mwea Research Station had the tallest mean
plant heights at 50% flowering as compared to Kabete Field Station.
Except for the six generations of cross Roma VF x AVTO1424, the rest
of the crosses had no significant difference (P<0.05) for plant height
at 50% flowering. Both P, in Roma VF x AVTO1429 and Roma VF x
AVTO1424 had short plant height at 50% flowering whereas the tallest
were BC,P; and P, with 67.04cm and 59.60 cm, respectively (Table 1).
Besides, a significant increase (>10%) in plant height at 50% flowering
in comparison to parental genotypes was registered in F, generation for
all crosses and Roma VF x AVTO1429 had the highest plant height of
63.76cm. F, hybrids in all the crosses had shorter plant height at Kabete
Field Station ranging from 41.55 to 52.68cm than at Mwea Research
Station which ranged from 53.37 to 68.58cm.

The scaling tests showed significant differences at (P<0.01) in
cross Roma VF x AVTO1429. The scaling tests showed additive
effects of -9.76**; dominance effect of -5.58**; and additive x additive
interaction effects of -0.8** (Table 2). Therefore, further analysis using
a 6-parameter model was carried out since backcrosses were used.
Roma VF x AVTO1429 showed presence of epistasis. Results showed
that a combined gene effect of 10.85 was higher than the interaction
components of 0.85 put together (Table 3).

Final plant height (cm)

The final plant height demonstrated significant differences (P<0.01)
across the six generations of crosses Roma VF x AVTO1429 and Roma
VF x AVTO1314. These variations (P<0.01) were also noted across
Kabete Field Station and Mwea Research Station. Interactions between
the two stations (Kabete Field Station and Mwea Research Station) and
the genotypes for crosses Roma VF x AVTO1429 (P<0.05) and Roma
VF x Valoria select (P<0.01) were observed. Results showed that the
final plant height for parents in all the crosses ranged from 72.27 to
91.00cm with Roma VF as the shortest parent recording <83cm in all
cross as shown in table 1. Similarly, the F, hybrids in all the crosses had
final plant height range of 71.33 to 95.10cm at both study stations. Also,
the F, hybrids had similar final plant height that ranged from 71.10 to
104.10cm in all cross at both study stations. Results for F, and F, hybrids
were consistent across the crosses. The final plant height across the two
environments ranged from 82.20 cm for shorter parent (Roma VF) of cross
Roma VF x AVTO1429 to 119.50 cm for taller offspring, BC,P, (Table 1).
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Table 1: Mean performance of parental accessions in the 4 crosses for days to 50% flowering, Plant height at 50% flowering, Final plant height, inter truss spacing and No.
of trusses per plant evaluated at Kabete and Mwea in 2018.

Generation Days to 50% flowering Plant height at 50% Final plant height Inter truss spacing (cm) | No. of trusses per
flowering (cm) (cm) plant

Kabete ‘ Mwea = Mean & Kabete Mwea = Mean | Kabete = Mwea Mean Kabete Mwea | Mean | Kabete Mwea Mean
Cross 1 (Roma VF x AVTO1429)
P1 33 35 34 56.35 64.76 = 60.56 84.2 86.5 85.3 16.03 18.43  17.23 18 19 18
P2 34 35 34 47.54 59.75 | 53.64 82.5 81.9 82.2 19.05 17.73 | 18.39 18 20 19
F1 33 32 32 54.18 73.33 | 63.76 95.1 91.6 93.4 17.08 19.21 18.37 21 23 22
F2 33 33 33 52.68 68.58 | 60.63 104.1 95.8 99.9 16.93 19.8 18.15 23 26 24
BC1P1 33 35 34 62.74 71.35 | 67.04 1341 105 119.5 17.76 20.58 | 19.17 21 22 22
BC1P2 33 34 34 50.64 72.34 | 61.49 97.5 104.5 101 16.35 21.47 | 18.91 20 22 21
Mean 33.12 34.04 34 54.02 68.35 | 61.19 99.6 94.2 96.9 17.2 19.54 = 18.37 20.14 22.03 21.08
CV (%) 34 7.6 8.6 14.4 10
LSD (5%) 2.48 14.59 28.25 6.78 4.06
Cross 2 (Roma VF x AVTO1424)
P1 34 34 34 47.37 71.83 59.6 84 85.5 84.7 15.73 17.24 | 16.49 17 20 18
P2 34 35 35 43.11 55.56 | 49.33 78.5 73.3 75.9 13.23 14.67  13.95 17 21 19
F1 33 32 33 50 68.73 | 59.37 82.4 90.4 86.4 15.33 19.11 17.22 19 23 21
F2 32 33 33 46.02 59.95 @ 52.98 95 79 87 14.32 15.86 = 15.09 18 20 19
BC1P1 34 35 34 51.59 56.67 = 54.13 83.5 93.1 88.3 15.28 19.31 17.3 18 20 19
BC1P2 33 34 34 44.05 61.83 | 52.94 81.8 81.1 81.4 15.22 16.32 | 15.77 18 21 19
Mean 33.44 33.96 33.7 47.02 62.43 | 54.72 84.2 83.7 83.9 14.85 17.08 = 15.97 17.78 20.89 19.34
CV (%) 3.3 7.7 17.4 8.7 11.1
LSD (5%) 24 9.52 22.74 3.82 5.02
Cross 3 (Roma VF x AVTO1314)
P1 35 36 35 47.92 58.73 | 53.33 83.3 91 87.2 15.3 20.25 | 17.78 17 20 18
P2 33 35 34 49.05 67.3 58.17 74.9 83.2 79 14.49 16.36  15.42 17 20 18
F1 33 30 32 47.38 69.21 58.29 76.9 84.7 80.8 13.94 18.04 = 15.99 21 21 21
F2 33 34 34 42.85 59.76 51.3 68.7 73.6 711 14.83 15.79 | 15.31 17 20 18
BC1P1 34 34 34 49.32 63.61 56.46 79.6 85.2 82.4 15.97 17.52 | 16.74 17 21 19
BC1P2 34 33 33 46.7 65.81 56.25 81.7 89.7 85.7 13.97 16.62  15.29 18 20 19
Mean 33.79 33.6 33.69 47.2 64.07 = 55.64 775 84.6 81 14.75 17.43 | 16.09 17.73 20.1 18.91
CV (%) 34 9.7 7.7 8.2 5.9
LSD (5%) 1.82 9.1 9.78 227 4.28
Cross 4 (Roma VF x Valoria FS)
P1 34 36 35 41.08 57.06 | 49.07 75.86 68.68 | 72.27 15.7 14.27 | 14.98 17 18 17
P2 34 37 35 43.24 55.56 49.4 72.52 81 76.76 15.47 15.08 | 15.27 16 20 18
F1 33 36 34 49.87 60 54.94 71.33 77.95 74.64 14.04 15.96 15 17 20 18
F2 34 36 35 41.55 53.57 | 47.56 79.16 75.29 77.23 15.23 15.6 15.41 17 20 18
BC1P1 33 36 35 44.48 54.33 49.4 75.71 75.83 75.77 14.05 14.78 | 14.42 19 20 19
BC1P2 34 41 38 44.41 49.33 | 46.87 77.6 80.17 78.88 13.56 15.47 | 14.52 18 20 19
Mean 33.66 36.92  35.29 4411 54.97 | 49.54 75.36 7649 | 75.93 14.67 15.19 | 14.93 17.26 19.53 18.4
CV (%) 3.8 6.1 4.6 8.7 8.7
LSD (5%) 3.17 15.78 6.43 2.08 2.61

LSD= Least significant differences of means at P< 0.05, CV= Coefficient of variation. Environments were Kabete and Mwea long rains, 2018

Table 2: Scaling tests for generations in tomato for different growth traits in cross (Roma VF x AVTO1429) that showed significance.

Scales Days to 50% Plant height at 50% Final plant height (cm) Inter truss spacing No. of trusses per
flowering flowering (cm) (cm) plant
A= (P1 +F1-2BC1) -0.08** -9.76** -60.3ns -2.74ns -2.61**
B= (P2+F1-2BC2) -0.63** -5.58* -26.4ns -1.06ns -1.66ns
C= (P1+P2+2 F1-4 F2) 1.76** -0.8** -45.3ns -0.24ns -16.21ns
D= (2F2-BC1-BC2) -2.04** -7.27ns -20.7ns -1.78** 5.97ns

Due to insignificant difference (P<0.01) on additive, dominance,
additive x additive interaction, and additive x dominance interaction
effects (Table 2), further analysis was not necessary since not even

one cross showed significant differences in the scaling tests. However,

a 6-parameter model was carried out since backcrosses were used.
Results showed a combined gene effect of 13.93 was higher than the
interaction components of 1.04 put together (Table 3).
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Table 3: Gene effects for the cross Roma VF x AVTO1429 on all the evaluated traits using 6 parameter model er model.
Gene effects / Final plant height (cm) Plant height at 50% flowering Days to 50% flowering Number of trusses per plant Inter truss spacing (cm)
Components (cm)
at df. Expecta- | Stand- | t(gene | Expecta- Standard | t(gene |Expecta- Standard | t(gene Expecta- Stand- t(gene |Expecta- Stand- t(gene
tion/Esti-  ard effect/ | tion/Esti-| error effect/ tion/Es-| error effect/ tion/Es-| arder- effect/ tion/Es-| arder- | effect/
mate error SE) mate SE) timate SE) timate ror SE) timate ror SE)
Mean 629 99.9 143 | 69.69* 60.63 0.64 94.49** 32.87 0.13  247.74* 2441 0.34 70.83** 18.15 0.24 76.054**
additive effect 1502 18.5 3.15 | 587 5.55 1.38 4.03** 0.26 0.28 0.91ns 0.27 0.6 0.45ns 0.26 0.58 0.45ns
dominance 1,506.00  51.05 6.34 | 8.06" 21.2 3.1 6.82** 2.28 0.85 2.69** -8.28 1.96 -4.21%* 4.12 1.61 2.55**
effect
Add. x Add. 1,131.00 414 8.52 | 4.86™ 14.54 3.76 3.86** 4.08 0.78 5.24* | -11.94 1.83 -6.52** 3.56 1.5 2.38ns
Interaction
Add. Dom. 752 33.9 6.78 | 5.00* 4.18 3.12 1.34ns 1.06 0.69 1.54ns 0.95 1.39 0.68ns 1.68 1.36 1.23ns
Interaction
Dom. x Dom. |1,381.00 -128.1 1452 | -8.82** | -29.88 6.88 -4.35** -6.4 143 -4.49** 7.67 3.12 2.46ns -7.36 277 2.65**
Interaction
Table 4: Mean squares for Plant height at 50% flowering at Kabete and Mwea, 2019.
Source Mean squares for plant height at 50% flowering
Df Cross 1 (Roma VF x Cross 2 (Roma VF x Cross 3 (Roma VF x AVTO1314) Cross 4 (Roma VF x Valoria
AVTO1429) AVTO1424) select)
Replication 2 826.97 446.12 200.62 639.67
Environments® 1 1848.12 2136.13* 2560.76** 1062.71
Residual 2 179.77 70.07 27.69 183.44
Generations 5 118.35** 97.08** 46.41 48.52
Environment. Generations 5 45.67 64.82* 22.46 20.00**
Residual 35 21.41 17.64 28.95 9.08

fEnvironments were Kabete and Mwea long seasons, 2018. *, ** Significant at 5 and 1 % probability levels, respectively.

Inter truss spacing (cm)

The inter truss spacing across the two study stations ranged from
17.23cm for parent P; (AVTO1429) of cross Roma VF x AVTO1429
to 19.17cm offspring F; x BC,P; (Table 1). For cross Roma VF x
AVTO1424, the range was from 13.95cm for parent P, (Roma VF)
to 17.30cm offspring, F; x BC,P; while cross Roma VF x AVTO1314
ranged from 15.29cm for offspring, BC;P, to 17.78cm for parent
(AVTO1314). The inter truss spacing across the two study stations for
cross Roma VF x Valoria select ranged from 14.42cm for offspring,
BC,P, to 15.41cm offspring, BC,P,. Results showed that all the scaling
tests had no significant differences at (P<0.01) for all the crosses.
However, for cross Roma VF x AVTO1429, the scaling test for additive
x dominance interaction effects (D) showed significant differences
at (P<0.01). Scaling test showed presence of additive x additive
interaction represented by -1.78** (Table 2). Therefore, further analysis
using a 6-parameter model was carried out since backcrosses were
used. Cross Roma VF x AVTO1429 showed epistasis. Results showed
that the combined gene effects (3.0) were lower than the interaction
components (6.26) put together (Table 3).

Number of trusses per plant

There was a highly significant difference across the six generations
of cross Roma VF x AVTO1429 and Roma VF x AVTO1314 for the
number of trusses per plant at (P<0.01). However, the number of
trusses per plant across the two study stations (Kabete Field Station and
Mwea Research Station) in all crosses were not significantly different
(P<0.01). Interactions between the two study stations and the genotypes
in all the crosses except Roma VF x Valoria select were significantly
different (P<0.05). The number of trusses per plant across the two
study stations ranged from 18 trusses for parent P; (AVTO1429) of
cross Roma VF x AVTO1429 to 24 trusses in offspring F, and from 18
trusses for parent P; (AVTO1424) of cross Roma VF x AVTO1424 to
21 trusses in offspring F, (Table 1). Similarly, number of trusses per

plant across the two environments ranged from 18 trusses for parent P,
(Roma VF) of cross Roma VF x AVTO1314 to 21 trusses in offspring
F and from 17 trusses for parent P, (Valoria select) of cross Roma VF
x Valoria select to 19 trusses in offspring BC,P;.

Results showed that all the scaling tests had no significant
differences at (P<0.01) for all the crosses. However, for cross Roma VF
x AVTO1429 the scaling test for additive effects (A) was significant at
(P<0.01). Scaling test also showed additive x dominance interaction
of -2.61** (Table 2). Therefore, further analysis using a 6-parameter
model was carried out since backcrosses were used. Roma VF x
AVTO1429 showed epistasis. Results showed that the combined gene
effects of -3.76 were lower than the interaction components of -3.16 put
together (Table 3).

Discussion

A six-parameter model was identified as most suitable for data
analysis for P,P,F,F and backcrosses of the four crosses studied.
The crosses were Roma VF x AVTO1424, Roma VF x AVTO1429,
Roma VF x AVTO1314 and Roma VF x Valoria select. This model
was adopted because one cross (Roma VF x AVTO1429) showed
epistasis and backcrosses were used. The six parameters in this model
were; Mean (1h), additive effect (d), dominance effect (h), Additive
x Additive interaction (i), Additive x Dominance interaction (j) and
Dominance x Dominance interaction (I). The parents in each cross
were contrasting for all the traits evaluated. The offspring derived from
the cross-combination Roma VF x AVTO1429 were earlier flowering
and maturing, taller, had higher inter truss spacing and number of
trusses per plant compared to other crosses and the better parent
AVTO1429. Earliest flowering and maturing offspring were the F;
hybrid Roma VF x AVTO1429 while tallest offspring was the backcross
F, x AVTO1429 BC,P;. Offspring with the smallest inter truss spacing
was the F,, followed closely by F;. Offspring with the smallest number
of trusses per plant were backcross of cross F; x Roma VF BC,P,,
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followed closely BC,P,. Differences among the generations for each
trait were significant.

From the 6-parameter model, the combined gene effects (3.6)
were higher than the interaction components (2.29) put together.
Duration to flowering and maturity was controlled by dominance
gene effects (2.69**) and the interactions of additive x additive effects
(5.24**) and dominance x dominance interactions (-4.49**). These
results were in agreement with the findings of after crossing a 9 x 9
half diallel in Gazipur, Bangladesh [16]. They recorded that non-allelic
gene interaction or epistasis was observed on days to 50% flowering
and P, had most of the dominant genes for both numbers of flowers/
cluster and number of locules. Similarly, plant height was controlled by
main gene effects which are the additive and dominance effects and the
interactions between the two. Similar findings were confirmed by [16].
Findings of also reported significant fully adequate additive-dominance
model for plant height and number of fruits per plant [24]. However,
studies by using a 7 x 7 half diallel mating design failed to establish the
additive-dominance gene effects in their experiment in Ethiopia [25].
From their experiment additive-dominance, gene interactions were
evident in tomato fruit shape index and acidity that can be titrated. The
reason for the observed additive and dominance gene effects in most
traits studied was a failure to identify parents with far contrasting traits.
The parents used were Marglobe, Roma VF and Esthete. Evaluation of
genetic inheritance in Shaanix, China by using six generations namely;
P, P, F, F, BCP, and BC P, showed significant gene effects of all
plant characters that included plant height, number of branches per
plant, days to 50% flowering, number of flowers per cluster, number of
fruits per cluster and average fruit weight [26].

Inter truss spacing was controlled by the dominance gene effects
and the interaction components of the dominance x dominance effects.
Similar studies were conducted by to determine internode length
using multi-generation joint analysis of major genes plus the polygene
model [27]. Results demonstrated that internode length is controlled
by the major gene and needs early selection in the pedigree selection.
The number of trusses per plant was controlled by major dominance
gene and the additive x additive interaction of polygenes. Similar
studies were conducted by to determine the inheritance of yield and
yield components in tomato [16]. The deduction was that additive and
dominant components of genes are important in the plant characters.

Conclusion

Desirable agronomic traits of tomato despite being influenced by
many genes, environment contribute to their expression significantly.
For the four crosses, significant traits such as days to 50% flowering,
plant height at 50% flowering, final height, inter truss spacing and
the number of trusses per plant that contribute to desirable yields
are influenced by the environment. Earliest flowering and maturing
offspring were the F; hybrid from cross Roma VF x AVTO1429.
Tallest offspring was the backcross of cross F x AVTO1429 BC,P,. The
offspring’s derived from the cross-combination Roma VF x AVTO01429
had highest inter truss spacing and number of trusses per plant. Fy, F,
and BC,P performed better in all traits evaluated than the better parent.
This study also found importance of gene effects for agronomic trait
inheritance was in additive and dominance-additive portions which
implied that the traits were inherited. Contribution of both parents in
the subsequent generations (offspring) is vital in developing a breeding
program for a particular trait
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