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Abstract

This study was to evaluate adaptation in vegetative, phenological and yield traits of five tomato genotypes (F1 hybrid
Thorgal, NHTO 0294, NHTO 0201, B52 and Cameroun) to conditions in a high rainfall region at the Botanical Garden of
the Plant Science and Biotechnology Department of Rivers State University, Port Harcourt, Rivers State, Nigeria. Seeds of
five genotypes were nursed separately in plastic containers measuring 950cubic cm for seven weeks and transplanted into 55
x 45 x 45 cm polythene bags containing 10kg sandy-loam soil at one plant per bag. The bags were set out in a Completely
Randomized Design in an open field with six replicates. Watering and weeding were carried out when necessary. Collected
data were height of plant, number of leaves/plant, number of branches/plant, number of flower clusters/plant, days to 50%
flowering, days to 50% fruiting, and days to 50% ripening/maturity. Others included quantity of fruits/plant, fruit length, fruit
diameter, fruit weight, fruit shape index and overall fruit yield. The results showed that differences were significant (P=0.05)
for number of branches, fruit weight, number of fruits/plant and fruit diameter with B52 having the highest number of 8
branches and 9 fruits/plant while Cameroun and F1 Thorgal had the least number of 2 branches each. Cameroun had the
least number of one fruit/plant. The F1 hybrid Thorgal had the largest fruit diameter (4.4 cm) and highest fruit weight
(66.99). Other parameters studied (plant height, number of leaves, number of flower clusters, days to 50% flowering,
fruiting, and maturity) did not differ significantly among tomato genotypes. The F1 Thorgal genotype is recommended for
tomato production in Port Harcourt being well adapted and producing fruits almost three times bigger than fruits of other

ISSN 2278-3202
Int. Res. J. Biological Sci.

tomato genotypes.

Keywords: Tomato genotypes, adaptation, temperature, relative humidity, fruit characteristics, high rainfall region.

Introduction

The tomato plant (Solanum lycopersicum L.) is a globally
valuable agricultural crop in the family Solanaceae and its much
sought-after succulent fruit is the most notable vegetable grown
worldwide after potato’. It is consumed garden-fresh in salads,
sandwiches, and salsa and in processed state as soups,
preservatives, juices, or pastes*?. Moreover, it is found in
numerous recipes and consumed in several meal preparations
worldwide®. In the production of fresh-marketable tomato, it is
crucial to balance the needs of farmers who are the producers,
the marketers who are the sellers and those of consumers who
are the end users. Critical to farmers are important traits like
yield, fruit size, resistance to diseases and pests, tolerance to
undesirable environmental variations such as cold, heat, relative
humidity and rainfall, uniform/synchronous ripening, and
harvesting that is mechanized*®. For marketers, the main
emphasis remains as half life that is long yet without being
prone to spoilage, in addition to negligible injury during
handling and haulage®*°. Whereas for consumers the important
traits are fruit size, flavour, taste, appearance/colour and health
benefits among others***3, Among the least expensive and most
sustainable methods for increasing tomato yield and expanding
the land area under cultivation is the use of genotypes adapted
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to new locations and conditions, to environmental pressures and
also resistant to diseases and pests. As a way to increase
production, provide nutritious food to consumers, and improve
smallholder farmers' incomes, it is imperative to have tomato
varieties that combine environmental adaptation, yield potential,
fruit quality, and resistance to pests and diseases. For
meaningful crop improvement to be carried out, the first step is
to make available sufficient genetic diversity, whose potentials
for use in crop improvement are known and can be exploited °.
Such genetic resources are useful to plant breeders only if they
have been properly characterized and evaluated. These
characterizations and evaluations enable plant breeders to
investigate the genetic variability available within species in
order to find genotypes that meet the requisite criteria to be used
either as direct introductions into new environments outside
their normal range of growth; or into habitats where they have
not been grown before; or as new varieties to provide genetic
diversity for hybridization with local varieties and selection of
improved progenies in a breeding program. Yields of tomatoes
in the high rainfall and humid forest regions in the coastal areas
of Nigeria, is reported to be relatively low compared to the
savannah region®®. The four main factors responsible for the low
yields in no particular order of severity are high rainfall
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intensity, high temperatures, high relative humidity and high
disease and pest prevalence®™’. A significant association has
been reported to exist between the amount and intensity of
annual rainfall and the output of tomatoes'®. A researcher,
Guodaar® had stated earlier, that there is a significant
statistically negative relationship between high rainfall and yield
of tomato. This means that when rainfall intensifies, it reduces
the yield of tomato, implying that although tomato requires
water for growth and development, intense rainfall reduces its
yield. Studies have shown that rainfall, relative humidity and
temperature especially are critical to pollination, fertilization
and fruiting in tomato. Optimum temperatures range between
21.1°C-29.4°C although daytime (morning) and night time
temperatures are also critical. This is because, if temperatures
rise above 32.2°C before 10am in the morning, this will cause
flowers to abort and make flower clusters to fall off. However,
when temperature at night falls below 13.8°C or goes higher
than 23.9°C, the result is damage to pollen grains whilst
development of pollen tubes fails®*?. The period preceding
flower an thesis especially from 8 to 13 days before, is a most
crucial developmental phase for the tomato plant®®. The
factors that influence the optimum temperature for tomato
include type of cultivar and its level of tolerance to varying
temperatures, growth stage and developmental phase. Since the
effects of high temperatures are varied and complex, average
daily temperature of 29°C throughout the 2-week period up to
flower opening is designated the critical temperature for
efficient and effective tomato development®. High temperatures
had significant statistically negative relationship with tomato
yield; meaning that increased temperature led to a substantial
decline in yield of tomato when other variables like type of soil,
use of agro-chemicals, applied irrigation, variety of tomato and
routine weeding remained unchanged™. Generally, when
temperatures are high, seedlings of tomato grow faster whilst
differentiation and development of flowers is accelerated
whereas percentage and rate of fruit set declines. Besides, high
temperatures in the course of flowering leads to malformation
and abscission of flowers, inadequate flowering, low-grade fruit
quality, poor colour formation and sterility of pollen in tomato
plants®®. Moreover, substantial limitation in photosynthesis
occurs as temperatures increase beyond the optimum level
leading to remarkable losses in potential tomato yield®.
Research into the correlation between mean daily temperatures
and reproductive phase of tomato plants, noted that at 29°C
daily mean temperatures, number of fruits, percentage of fruits
set and weight of fruits per plant declined when compared to
those at 25°C. The decrease in yield was attributed mostly to
poor development of pollen and anther as well as reduced
viability of pollen. Overall, susceptibility of tomato plants to
temperatures above optimal at the reproductive phase can lead
to a decrease in proportion of fruits set consequently lowering
fruit yields of commercially cultivated tomato?’. One other
environmental factor that influences viability of pollen is
relative humidity. When relative humidity rises above 80%,
tomato pollen becomes viscous and adhesive unable to let go of
the anthers whereas when overextended periods, relative
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humidity drops below 60%, the pollen grains become too dry or
the stigma too dry resulting in pollen failing to adhere and so
cannot pollinate / fertilize?®?*%, A range of 50%-70% relative
humidity is usually contemplated as optimal for pollination in
tomato. Quality of pollen and fruit set of tomato increased at
60%—70% relative humidity and also improved pollination and
fertilization compared to 30%—40% relative humidity. However,
relative humidity of up to 90% increased susceptibility of pollen
to heat stress®®*°. Also low or insufficient light, high or low
temperatures and rainy conditions often result in poor
fertilization?* leading to poor fruiting and ultimately low yields.
Finally, tomato growers in Nigeria and West Africa have to deal
with a variety of diseases and insects whose virulence become
aggravated in the humid rainforest region. Numerous bacterial,
viral, and fungal diseases limit the production of tomatoes. They
include wilt diseases caused by bacteria, fusarium and
verticillium, leaf spot, yellow leaf curl, late and early blight,
septoria blight, etc. Other pests are nematodes, mining insects,
fruit borers, thrips, and several species of aphids, mites and
more recently the leaf miner of South American origin, Tuta
absoluta®®. Therefore, in most advanced economies,
greenhouse-based cultivation of tomato has been adopted in
order to minimize biotic and abiotic stresses and ensure an
uninterrupted tomato supply throughout the year*®*’. However,
most subsistence and small holder farmers in many African
countries cannot afford the prohibitive costs of greenhouse
cultivation. Besides, tomato like other crops responds
differently when subjected to numerous pressures and factors
(biotic, abiotic and edaphic) encountered simultaneously in the
field”. When In 2014, five fresh market tomato varieties (Op-
B155, Shasta,Op-B149, Heinzand CRIP0O0) were introduced
from the USA and the Crops Research Institute of Ghana
(CRIG) and appraised for genetic variability and adaptability,
plant and fruit attributes in Ghana, almost all the traits showed
variability®®. In Nigeria, the best area for cultivation of tomato is
the agro-ecological Savannah zone, in which the weather and
environmental conditions tend towards the ideal with fewer
diseases and pests of tomatoes. Between latitudes 7.5°N and
13°N in Nigeria lie the main areas producing tomato,
experiencing temperaturesrangingfrom 25°C to 34°C. Such areas
are made up of states like Kano, Bauchi, Kaduna Plateau,
Benue, Borno, Jigawain the north and Oyoand Delta in the
south®. Port Harcourt in Rivers State, Nigeria, the location of
this experiment (Latitude 4.847°N & Longitude 6.975°E), is
characterized by comparatively high rainfall throughout the year
averaging 2,500mm per annum with high temperatures (mean
annual minimum and maximum temperatures are 25°C and 28°C
respectively); high relative humidity all year round (minimum
values of 80% and maximum of 89%), and solar radiation
averaging 4hours daily. Scientists® declared that given the
contrasting and diverse agro-ecological zones in Nigeria, and
bearing in mind the differences in potential yield within various
ecological zones, varietal trials of crops must be adopted and
established across the country as a standard practice in plant
breeding.
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This study seeks to discover genotypes that are high yielding
and which can adapt and are suitable for cultivation in the high
rainfall and humid conditions of the rainforest prevalent in Port
Harcourt, Rivers State, Nigeria. The information provided in
this study, can be exploited in a tomato breeding program.

Materials and methods

Experimental Site: This research was carried out from
September 2021 to March 2022 at the Botanical Garden of the
Plant Science and Biotechnology Department of Rivers State
University, Port Harcourt in Rivers State, Nigeria. The location
of this experiment, Port Harcourt in Rivers State, is
characterized by comparatively high rainfall throughout the year
averaging 2500mm per annum with high temperatures (mean
annual minimum and maximum temperatures are 25°C and 28°C
respectively); high relative humidity all year round (minimum
values of 80% and maximum of 89%), and solar radiation
averaging 4hours daily.

Experimental Materials Seed Source and Sowing of Seeds:
The five tomato genotypes used were sourced as shown in
Table-1.

The seeds of five selected tomato genotypes were sown
separately in sandy-loam soil contained imperforated plastic
containers measuring 950cubic cm on the 24™ of September,
2021. The choice of planting time was predicated on the need to
avoid the excessive rainfall typical of the peak rainfall periods
between the months of May to July and September in the Port
Harcourt area. Seven weeks after sowing (13" of November,
2021), each seedling was transplanted into a 55x45x45cm
perforated black polythene bag. The five tomato genotypes
(treatments) planted in the polythene bags were each replicated
six times and set out in a CRD (Completely Randomized
Design) with a sample size of 30 plants in the open field.
Watering, weeding and earthling of the plants were carried out
when necessary. No pesticides, fertilizers or soil amendments
were applied. Simple staking was done to prevent plants from
lodging during fruiting.
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Collection and Statistical Analysis of Data: The following
data were collected: plant height, number of leaves/plant,
number of branches/plant, days to 50% flowering, number of
flower clusters, days to 50% fruiting, number of fruits/plant,
days to 50% ripening/maturity, single fruit weight/plant. Single
fruit weight was ascertained by weighing all fruits harvested
from a plant and dividing by the total number of fruits harvested
from same plant. A digital electronic compact scale (SF-400C3)
was utilized in weight measurements. Other data were fruit
length/fruit (cm) recorded by wusing a Vernier caliper
(Columbus, Model-VCC) to measure at harvest from the stem
end of the fruit to the blossom end and determining the mean;
fruit diameter/fruit (cm) determined using Vernier caliper to
measure diameter of harvested fruits at the largest diameter and
the mean calculated; fruit shape index (FSI): fruit shape index
was assessed using the formula by Lokonga and Tonganga™.

FSI = Fruit length
Fruit diameter

Using this formula fruits were categorized into three:
Flat shaped Fruits: FSI < 0.8

Rounded/Spheroidal Fruits: FSI 0.80 = 1.20
Elongated/Ovoid shaped Fruits: FSI > 1.20

Yield of fruits per plant (kg)
=Number of Fruits per Plant x Weight of Single Fruit

Yield of fruits per hectare*
=Yield of fruits per plant (kg) x 10000m?
spacing (m?) x 1000

All data collected were evaluated with the General Linear
Model (GLM) of Statistical Analysis Software (SAS) SAS 2010
by ANOVA (Analysis of Variance) in a CRD (Completely
Randomized Design) and tested for significance at 5% level of
significance. Whenever the F test indicated differences were
significant, treatment means were compared using Fisher’s
Least Significant Difference (LSD) at P=0.05. Pearson’s simple
linear correlation analysis (r) at P = 0.05 and P = 0.01 was
performed to find out the relationships between the vegetative,
phenological, yield components and yield of tomato.

Table-1: Tomato Genotypes utilized in the Evaluation Study in a High Rainfall Region, Port Harcourt, Rivers State, Nigeria.

Genotypes Source

F1 hybrid Thorgal

Agriseed Ltd., Technisem — France

NHTO 0294 Genetic Resources Unit (GRU), NIHORT, Ibadan
NHTO 0201 Genetic Resources Unit (GRU), NIHORT, Ibadan
B52 Genetic Resources Unit (GRU), NIHORT, Ibadan
Cameroun Local Market

NIHORT - National Institute of Horticultural Research and Training, Ibadan, Oyo State, Nigeria.
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Results and discussion

Vegetative Responses of Tomato Genotypes: Plant Height:
The height of tomato genotypes is shown in Figure-1. The
differences in plant height among the five genotypes evaluated
were not significant (P=0.05). However, B52 genotype was the
tallest with a height of 61.0cm when compared to NHTO 0294
(54.8cm), F1 hybrid Thorgal (52.4cm), Cameroun (48.2cm) and
NHTO 0201 (46.4cm). The tallest (B52) and shortest (NHTO
0201) plants were from the NIHORT station.

Int. Res. J. Biological Sci.

Number of Leaves: There was progressive increase in number
of leaves as the tomato plants grew with NHTO 0294 having the
highest number of leaves (43) at flowering while the F1 hybrid
Thorgal had the least number of leaves (14) as shown in Figure-
2. The three NIHORT genotypes, NHTO 0294 (43), NHTO
0201 (33) and B52 (38) had higher number of leaves than F1
hybrid Thorgal (14) and Cameroun (21). The differences
observed in number of leaves of tomato genotypes were not
significant (P=0.05).
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Figure-1: Plant height of five tomato genotypes in a high rainfall region, Port Harcourt, Nigeria.
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Figure-2: Number of leaves per plant of five tomato genotypes in a high rainfall region, Port Harcourt, Nigeria.
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Number of branches per plant: In Figure-3, number of
branches/ plant of the tomato genotypes is presented indicating
that the differences found were significant (P=0.05). Number of
branches (8) of genotype B52 was significantly higher (P=0.05)
than all other genotypes. Also, differences in number of
branches of NHTO 0294 (5) genotype and those of F1 hybrid
Thorgal and Cameroun were significant (P=0.05), whereas
number of branches of NHTO 0294 (5) did not differ
significantly (P=0.05) from those of NHTO 0201 (4). The F1
hybrid Thorgal and Cameroun had the fewest number of
branches per plant (2) which did not differ significantly
(P=0.05) from that of NHTO 0201 (4). Again the 3 NIHORT,
genotypes, NHTO 0294 (5), NHTO 0201 (4) and B52 (8) had
higher number of branches than the F1 hybrid Thorgal(2) and
Cameroun (2) genotypes.
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Phenological Responses of Tomato Genotypes: The
phenological responses (days to 50% flowering, days to 50%
fruiting and days to 50% ripening/ fruit maturity) of the five
tomato genotypes are shown in Table-2. The differences in the
phenological characters of tomato genotypes were not
significant (P=0.05). However, the NHTO 0294 genotype
flowered at 77days after transplanting, which was earlier than
other genotypes, whereas NHTO 0201 fruited at 90 days after
transplanting which was earlier than other genotypes. The fruits
of the B52 genotype matured at 119days after transplanting
which was at least 7days earlier than other genotypes. Also, the
three NIHORT genotypes (B52, NHTO 0294, and NHTO 0201)
flowered, fruited and attained fruit maturity earlier than the F1
hybrid Thorgal and the Cameroun genotype.

Thorgal F1 NHTO 0294

NHTO 0201 Cameroun

Tomato Genotypes

Figure-3: Number of branches per plant of five tomato genotypes in a high rainfall region, Port Harcourt, Nigeria.

Table-2: Phonological Performances of Tomato Genotypes in a High Rainfall Region, Port Harcourt, Nigeria.

Genotype Days to 50% flowering Days to 50% fruiting Days to 50% ripening/maturity
* Standard Error * Standard Error + Standard Error
Thorgal F1 85+1.9 98+3.4 129+4.2
NHTO 0294 77+2.4 93+£34 12646.3
NHTO 0201 78+4.0 90+2.4 127+4.9
B52 78+1.8 93+1.6 119+1.0
Cameroun 90+2.0 105+2.1 131+4.1
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Flower and Fruit Characteristics of Tomato Genotypes:
Number of Flower Clusters: The mean values for total flower
clusters per plant are presented in Figure-4. The differences
observed in flower cluster numbers per plant of tomato
genotypes were not significant (P=0.05). The number of flower
clusters (trusses/inflorescences) was highest in B52 (13) and
least in the Cameroun (5) genotype. Again, the three NIHORT
genotypes (B52, NHTO 0294, and NHTO 0201) had more
flower clusters (13, 9, and 7 respectively) than the F1 hybrid
Thorgal and Cameroun which had 6 and 5 respectively.

Yield, Yield Components and Fruit Characteristics of
Tomato Genotypes: The responses in yield components and
overall yield of the five tomato genotypes in a high rainfall
region as recorded in the quantity of fruits per plant, quantity of
seeds per fruit, fruit weight, fruit diameter, fruit length, fruit
shape index and overall yield are provided in Table-3. Although
the differences in the number of fruits per plant, single fruit
weight and average fruit diameter among the five tomato
genotypes were significant (P=0.05), the differences in the fruit
length, fruit shape index, average number of seeds per fruit and
overall yield were not significant (P=0.05). Genotype B52 had
significantly the highest number of fruits per plant (9) than all
other genotypes. This was followed by NHTO 0294 (7), which
had significantly higher number of fruits than F1 hybrid Thorgal
(2) and Cameroun (1) genotypes but not significantly higher
than NHTO 0201 (4). The three NIHORT genotypes (B52,
NHTO 0294, NHTO 0201) had more fruits (9, 7 and 4
respectively) per plant than the F1 hybrid Thorgal (2) and
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Cameroun (1) genotypes. However, the F1 hybrid Thorgal had
significantly heavier fruit weight (66.9g) than the NIHORT
genotypes B52 (20.0g), NHTO 0294 (18.0g), and NHTO 0201
(17.8g). Fruit weight of the F1 hybrid Thorgal was not
significantly different from that of the Cameroun (43.1g), and
the NIHORT genotypes with lower fruit weights did not
significantly differ from the Cameroun genotype. Also, the F1
hybrid Thorgal had significantly larger fruit diameter (4.4cm)
than genotypes B52 (2.5cm) and NHTO 0201 (2.5cm). Fruit
diameter of the F1 hybrid Thorgal did not significantly differ
from those of NHTO 0294 (2.8cm) and Cameroun (2.9cm). The
NIHORT genotypes had the smallest fruit diameter. Although
there were no significant differences in the length of fruit, fruit
shape index, and quantity of seeds per fruit, the B52 had longer
fruit length (6.0 cm) than NHTO 0294 (4.1), NHTO 0201 (5.0),
F1 hybrid Thorgal (4.1), and Cameroun (4.9) genotypes. The F1
hybrid Thorgal genotype had spheroidal fruits with a fruit shape
index of 0.95 while the other four genotypes (B52, NHTO 0294,
NHTO 0201, and Cameroun) had ovoid shaped fruits with fruit
shape indices of 2.39, 1.51, 1.97 and 1.84 respectively. Also, the
NHTO 0201 genotype had more seeds per fruit (55) than the
other genotypes (B52= 51, F1 Thorgal = 50, NHTO 0294 = 39
and Cameroun = 36). Fruit yield was not significant for all
genotypes (Table-4). Genotype B52 which had significantly
highest number of fruits had the highest yield of 3.58 ton/ha.
This was followed by NHTO 0294 (2.73), F1 Thorgal (2.41),
Cameroun (2.26), while NHTO 0201 (1.54) genotype had the
lowest fruit yield.
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Figure-4: Variations in total flower clusters per plant of five tomato genotypes in a high rainfall region, Port Harcourt, Nigeria.
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Correlations between Vegetative, Phenological and Yield
Components: In Table-4, the correlation coefficients (r) matrix
showing the relationship between the vegetative, phenological
and vyield traits in the five tomato genotypes are presented.
There were no negative significant correlations. There were 18
significant positive correlations. All significant correlations
indicate a positive relationship between 2 traits. There were 15
highly significant positive correlations All highly significant

Table-3: Yield Components, Fruit Characteristics and Overall
Harcourt, Rivers State, Nigeria.

Int. Res. J. Biological Sci.

positive correlations indicate a highly positive relationship
between 2 traits. Positive and highly significant correlations
between any vegetative, phenological trait or yield component
with the fruit yield of tomato is an indicator that selection for
such a trait alone, or in combination with other traits showing
same positive and highly significant correlations, can result in
the production of high-yielding genotypes.

Yield of Tomato Genotypes in a High Rainfall Region, Port

Tomato Number* of Number of Fruit* Fruit* Fruit Length Fruit Ov_erall
Genotype fruits per plant | seeds per fruit | weight (g) Diameter (cm) (cm) Shape Yield

Index (ton/ha)
F1 Thorgal 2 50 66.9 44 4.1 0.95 241
NHTO 0294 7 39 18.0 2.8 4.1 151 2.73
NHTO 0201 4 55 17.8 25 5.0 1.97 1.54
B52 9 51 20.0 25 6.0 2.39 3.58
Cameroun 1 36 43.1 29 4.9 1.84 2.26

LSD .05 3.21 NS 29.71 1.89 NS NS NS

*Significant at P = 0.05, LSD = Least significant difference, NS = not significant.

Table-4: Simple LinearCorrelation Coefficient (r) Matrix showing the relationships between Vegetative, Phenological and Yield
Components of Tomato Genotypes in a High Rainfall Region, Port Harcourt, Nigeria

Days to No. of | Days to Days to 509 .
v | | Yool | oot | S | dower | sow | el Ce | P
g Flowering | Clusters | Fruiting Maturity 9
Plant *
height 0.951
LNe‘;V‘;‘; 0.908* | 0.987**
Blr\la%cz];s 0.914* | 0925* | 0.878*
Days to
50% 0.911* 0.991** | 0.991** 0.876ns
Flowering
No. of
Flower 0.963** | 0.968** | 0.927* 0.987** 0.928*
Clusters
Days to
50% 0.911* | 0.992** | 0.991** 0.881* 1.000** 0.931*
Fruiting
'Efm‘t’; 0.919%* | 0.885* | 0.833ns | 0.982** | 0.818ns | 0.969** | 0.824ns
Days to
50% Fruit 0.911* | 0.992** | 0.996** 0.882* 0.999** 0.932* | 0.999** | 0.824ns
Maturity
V\I;(:JQILt 0.812ns | 0.849ns | 0.855ns 0.605ns 0.885* 0.720ns | 0.881* 0.549ns 0.873ns

** = Highly Significant at 1%, * = Significant at 5%, ns = not significant.
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Discussions: Vegetative Traits: Agronomic traits are effective
indicators of crop variability that assist in selection of desirable
parents in crop breeding programs. In such situations, the use of
agronomic data makes it possible to conduct genotype
variability and performance evaluation in the actual growing
environment of a crop. Different genetic constitutions with
regard to rate of growth and the suitability of the environmental
conditions for each variety may be responsible for the variations
in agronomic, phenological and yield components of tomato
genotypes. Although plant height varied from 46.4 - 61.0 cm the
differences in the heights of the tomato genotypes used in this
study were not significant. However, the B52 genotype was the
tallest (61.0 cm) whereas NHTO 0201 genotype was the shortest
(46.4 cm) closely followed by the Cameroun genotype (48.2
cm), the F1 hybrid Thorgal (52.4 cm) and NHTO 0294 (54.8
cm). This would imply that despite the high rainfall and
humidity with other weather conditions in Port Harcourt
differences in the heights of tomato genotypes were not
significant. Dunsin et al.*® and Ketema and Beyene* also
reported similar findings in the heights of tomato varieties in
their separate studies. However, Dufera*, Ugwuanyi et al.“® and
Sanjida et al.*’ found differences in height of tomato plants
among genotypes they evaluated to be significant. The
disparities in findings could be due to the genetic makeup of the
tomato plants used in the various experiments and the field
conditions under which they were cultivated. It could also be
attributed to whether they were determinate or indeterminate in
their growth habits. Also, differences in the number of leaves of
the five tomato genotypes studied were not significant, although
the three NIHORT genotypes, NHTO 0294, NHTO 0201 and
B52 had higher number of leaves than the F1 hybrid Thorgal
and Cameroun genotypes. This suggests that weather conditions
in Port Harcourt did not significantly limit production of leaves.
The differences could be due to the genetic make-up of the
tomatoes with respect to leaf production. However, as the
primary sites of photosynthetic activity, it is possible that the
number of leaves produced could eventually impact the yield of
the tomato genotypes. Other researchers Dunsin et al.*® had
pointed out that no significant differences were found in the
number of leaves of tomato varieties they studied. However,
some studies Chernet and Zibelo*®, Ugwuanyi et al.*® and
Sanjida et al.*’ declared that their research found significant
differences in the number of leaves of tomato genotypes. The
number of branches per plant was significantly different in the
five tomato genotypes with the B2 genotype producing the most
branches while F1 Thorgal and Cameroun genotypes produced
the least number of branches. The three NIHORT genotypes,
NHTO 0294, NHTO 0201 and B52 also had higher number of
branches than the F1 hybrid Thorgal and Cameroun genotypes.
Other investigations Chernet and Zibelo®, Ugwuanyi et al.*
and Sanjida et al.* had earlier confirmed differences in the
number of branches in tomato varieties studied to be significant.

Phenological Responses: The phenological characteristics -

days to 50% flowering, days to 50% fruiting, and days to 50%
ripening/maturity did not differ significantly among the tomato
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genotypes. However, the genotypes from NIHORT (NHTO
0294, NHTO 0201, and B52) flowered within a day of each
other (77, 78, 78 days from sowing respectively) and earlier
than the other two genotypes F1 hybrid Thorgal and Cameroun
which flowered 85 and 90 days from sowing respectively. In
fact, the Cameroun genotype flowered, fruited and matured last
of all the genotypes. Early flowering could be beneficial if it
leads to early fruiting and early fruit maturity because it could
allow for earliness to the market and higher prices for farmers,
in addition to reducing exposure to diseases and pests that could
cause serious yield losses to the crop in the field, otherwise
there may not be any benefits arising from early flowering.
Other studies Ismaeel et al.** and Sanjida et al.*’ had earlier
stated that differences in days to flowering were not significant
among tomato genotypes.

Yield and Yield-Components: The differences observed in
number of flower cluster per plant in tomato might be associated
with genetic influences of the varieties. Although number of
flower clusters per plant did not significantly differ, the three
NIHORT genotypes (B52, NHTO 0294 and NHTO 0201) had
more flower clusters (13, 9 and 7 respectively) than the F1
hybrid Thorgal (6) and Cameroun (5) genotypes. This is
different from the findings of Naz et al.”® and Sanjida et al.*’
who declared that number of flower -clusters differed
significantly in the tomato varieties they studied. Among the
five genotypes of tomato, number of fruits per plant differed
significantly. Genotype B52 had significantly more fruits than
the other four genotypes with the Cameroun genotype having
the least number of fruits. Also, the NIHORT genotypes (B52,
NHTO 0294 and NHTO 0201) produced more fruits per plant
(9, 7, and 4 respectively) than the F1 hybrid Thorgal (6) and
Cameroun (5) genotypes. The studies of Dufera®™, Sanjida et
al.¥’ and Ketema and Beyene* also showed that number of
fruits per plant were significantly different for tomato genotypes
in their experiments. Also the fruit width/diameter in the tomato
genotypes studied differed significantly with the F1 hybrid
Thorgal having wider fruits (4.4 cm) than other genotypes.
However, this could be attributed to the genetic make-up of the
plants in terms of the nature and size of fruits. Chernet and
Zibelo®, Ullah et al.®!, Ismaeel et al.”®, Sanjida et al.*’ and
Ketema and Beyene™, reported significant differences in tomato
fruit diameter in different genotypes and indicated that this
could be due more to their inherent genetic variability in terms
of fruit diameter. Fruit weight of the tomato genotypes differed
significantly. The F1 Thorgal had the heaviest fruits (66.99)
while the NIHORT genotypes (B52, NHTO 0294, NHTO 0201)
possessed the lightest fruits (20.0g, 18.0g and 17.8g
respectively) and the Cameroun genotype had fruits whose
weights were intermediate (43.1g) of the F1 Thorgal and the
NIHORT genotypes. This is in line with the reports of Ketema
and Beyene* and Sora® who observed significant differences in
the fruit weight of the tomato genotypes studied. Other scientists
Baliyan and Rao™ also found fruit weight of tomato genotypes
assessed for disease and pest tolerance and production in
Botswana to be significantly different among the tomato
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genotypes. An experiment by Chernet and Zibelo®® showed
significant differences among the four tomato genotypes tested.
Although B52 had extra fruits per plant than the other
genotypes, the fruits of B52 were small and may not attract
maximum market value in Rivers State. The fruits of the F1
hybrid Thorgal were the biggest and had a greater market appeal
than the other tomato genotypes tested. However, there is need
to increase the productivity of the F1 hybrid Thorgal through
soil amendments. Notably, Tao et al.** recorded a 43% increase
in the yield of tomatoes when poultry manure was applied to
tomato plants while Mfombep et al.*® also observed an increase
in the quantity of fruits per plant when tomato plants treated
with poultry manure produced 30 fruits each compared to the
untreated ones that produced 17 fruits.

Correlation Coefficients of Vegetative, Phenological and
Yield Traits: Yield is a complex characteristic and is controlled
by a large number of genes working together. Therefore, the
effect of any one character on yield could be identified through
correlation studies with a view to ascertaining the extent and
nature of association existing among yield and yield attributing
characters. The correlation coefficient (r) shows a positive
correlation between yield and height of tomato plants, humber
of leaves, number of branches days to 50% flowering, number
of flower clusters, days to 50% fruiting, number of fruits and
days to 50% fruit ripening/maturity. These correlations between
tomato traits were also observed by Wali and Kabura®® and
Mahapatra et al.>’. The number of flower clusters correlated
positively with days to 50% fruiting, number of fruits per plant
and days to 50% fruit ripening/maturity. This suggests that, the
more the quantity of flower clusters in a plant, the more fruits
will be produced. Correlation result of quantity of flower
clusters per plant with quantity of fruits per plant is in
agreement with the conclusions of Monamodi et al.®® who
declared that these two components are positively correlated.
The number of fruits did not correlate with the single fruit
weight. The fruits of F1 Thorgal were of marketable value as
they were the biggest in size and had more pulp compared to the
other genotypes. Thus if selection pressure is directed towards
the enhancement of any character that has a highly positive
relationship with yield, it simultaneously affects several other
similarly associated characters®®; meaning that, knowledge of
the relationship of characters with yield and with each other can
provide strategies for making improvements through selection.

Conclusion

Adaptability of tomato genotypes to an environment can be
estimated by observing the phenotypes of the plants and
measuring the agronomic, phenological and yield and yield
components. The variability in some attributes of tomato
genotypes could be credited to differences in genetic
constitution with respect to rate of growth and growth habit and
appropriateness of the prevalent environmental growing
conditions for the genotypes. The dearth of high-yielding
tomato genotypes that are adapted to the high rainfall-
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characterized climate of Port Harcourt, Rivers State has been a
constraint in the production and productivity of tomato. It is
necessary to evaluate and identify tomato genotypes with high
yield potential as the unpredictable performance of released
varieties and hybrids cause low production of tomato when
grown in unfavorable environments. Although the NIHORT
tomato genotypes (B52, NHTO 0294, and NHTO 0201) were
better adapted in terms of agronomic performance, phonological
responses and quantity of fruits produced per plant, they had
smaller fruits because of their genetic make-up. The F1 hybrid
Thorgal had the biggest and widest fruits thus possessing the
best market appeal of the tomato genotypes. From this study, the
NIHORT tomato genotypes had more fruits per plant; however,
the F1 hybrid Thorgal genotype had bigger fruits that were more
than three times bigger than the fruits of the NIHORT genotypes
thereby possessing a better market value/appeal. Therefore, the
F1 hybrid Thorgal genotype is recommended for tomato
production in Port Harcourt, Rivers State. A tomato breeding
program to improve both yield of tomato and fruit quality
should explore the possibility of cross breeding the NIHORT
genotypes especially B52 with the F1 hybrid Thorgal. This may
result in heterotic expression and substantial variability in
subsequent segregating progeny population. Selection for higher
fruit production and better fruit quality from the progenies could
then be undertaken.
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