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ABSTRACT

This experiment was conducted in the late and early seasons of 2021 and
2022, respectively in the Department of Plant Science and Biotechnology,
Rivers State University, Port Harcourt. Four tomato genotypes NHTO
0201, B52, NHTO 0294 and Thorgal F1 hybrid were raised for six weeks
and transplanted into plastic bags filled with 10 kg of soil and laid out in a
CRD in the field with each treatment replicated six times. Data were
analysed using ANOVA at p=0.05 in a CRD factorial arrangement with
planting season as Factor A and genotype as Factor B. Plant height,
number of leaves/plant, number of branches/plant, number of days to 50%
flowering, days from flowering to fruiting and number of fruits/ plant were
significantly higher in the early season than in the late season. Tomato
genotypes showed significant differences in number of leaves/plant,
number of branches/plant and number of flowers/plant. Planting season by
genotype interaction was significant for Number of leaves/plant and
number of fruits/ plant. In the late season, B52 had the highest yield
stability of 2.857, whereas in the early season, NHTO 0294 had the highest
yield stability of 2.121. Averaging for both seasons, B52 had the highest
yield stability of 2.107. For stable yield in both seasons, the B52 genotype
is recommended, being the one with the highest yield, most stable and well
adapted. It could be used as a breeding material for improving tomato
production in the high rainfall region.
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INTRODUCTION
The Savannah agro-ecological region in Nigeria is considered the best place to grow
tomatoes (Solanum lycopersicum L.) because of the climatic conditions and because
there are fewer pests and diseases that affect them there than in other parts of Nigeria
(Wokoma, 2008). Major production zones lie between latitudes 7.5°N and 13°N with
temperature range of 25°C-34°C, 700 mm-1,052 mm annual rainfall and relative
humidity of 45-73% (Sowumi and Akintola, 2010). Northern states, especially Kaduna


https://dx.doi.org/10.4314/njbot.v37i1.2

14
NJB, Volume 37 (1), June, 2024 Goodlife, E. E. et al.

and Kano, produce most of the tomatoes in Nigeria. However, the high rate of
insecurity (Boko Haram insurgency, bandit attacks, farmer-herder clashes,
kidnappings and killings of farmers in their farms, etc.) which began in North-Eastern
Nigeria in 2009, caused the dislocation of many farm families, making it difficult for
them to access their farmlands. This, in turn, has led to food insecurity and a decrease
in tomato production (Ojo, 2020; Ladan and Badaru, 2021). There is an urgent need,
therefore, to increase and expand cultivation of tomatoes beyond the savannah region
into the humid tropical monsoon climate region in coastal states like Rivers State
(Falaiye et al., 2021; Nwuche and Daminabo, 2022). Among the most cost-effective
and more sustainable ways to increase production of tomato and expand the area under
cultivation is the use of genotypes resistant to pests and diseases, with good fruit
quality, environmental adaptation and yield stability.

The conundrum though is that the humid and high rainfall environment in the
tropical monsoon rainforest region of Port Harcourt (latitude 4.847°N and Longitude
6.975°E) is considered unsuitable for tomato production because of the attendant high
annual rainfall of over 2,369 mm - 2,500 mm, temperatures ranging from 25°C—-28°C
and relative humidity of 80-85% (Ugonna et al., 2015) resulting in the extremely
low tomato production in the region. They suggested that for field cultivation in
Nigeria, August and September could be the prime planting months in high rainfall
regions. There is a need for more research to confirm this claim given the evolving
climate change phenomenon. Studies have shown that temperature especially day and
night-time temperatures, high rainfall and high relative humidity can substantially
inhibit reproductive organs of tomatoes especially viability of pollen and female
fertility, thereby impacting flowering negatively (flower abortion and reduction in
flower clusters); pollination and fertilisation (damaged pollen grains, non-release of
pollen, poor development of pollen tubes, etc), resulting in poor pollination
fertilisation of the stigma. All of these lead to severe reduction and even complete
absence of fruit set, fruit formation and fruiting in tomato because flowers fail to
develop into fruits resulting in decreased productivity (Sato et al., 2000; Firon et al.
2006; Jones, 2008: Ozores-Hampton et al., 2012; Kugblenu et al., 2013; Ozores-
Hampton, 2014; Isa et al., 2017; Xu et al., 2017). A combination of these three
environmental factors at high levels also encourages development of diseases and pests
(Sato et al., 2006; Wokoma, 2008; Ajayi and Hassan, 2019). Researchers (Selamawit
et al., 2017; Sora, 2018; Ketema and Beyene, 2021; Bihon et al., 2022) have
emphasised the need to find and exploit genotypes of tomato that are high-yielding
and adapted to the humid high rainfall climate, agro-ecology and soil type, pests and
diseases predominant in such regions.

Among the new approaches in the breeding of tomato is the emphasis on
sustainable production and/or adaptation to adverse environmental conditions
resulting from climate change (YYan, 2014; Mata-Nicolas et al., 2020). The goal of
plant breeding is to select genotypes that are stable across a particular set of
environments or that have high performance in target environments. Yield stability is
described as tenacity in the presence of environmental changes resulting in decreased
genotype-by-environment interactions and boosted fitness (Fasoula and Fasoula, 1997,
Fasoula and Fasoula, 2002). Breeders are also interested in stable genotypes, given
that such genotypes are among the winner genotypes (Fasoula and Tokatlidis, 2012;
Avdikos et al., 2021). This experiment was carried out to investigate the growth and
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yield stability of tomato genotypes in the early and late-planting seasons in the humid
and high rainfall conditions of Port Harcourt, Rivers State, Nigeria.

MATERIALS AND METHODS

Site Description

The experiment was carried out in the open field of the Botanical Garden of the
Department of Plant Science and Biotechnology, Rivers State University, Port
Harcourt, Nigeria. Port Harcourt lies towards the coast in the Niger Delta Region at
latitude 4.847°N and longitude 6.975°E. Port Harcourt has heavy rainfall with annual
rainfall ranging from 2,369 mm-2,500 mm. The rainy season lasts approximately 8
months from March to October, although even the supposed dry season in the months
of November to February is not free from sporadic heavy rainfall. The annual
temperature range is between 25°C-30°C, annual relative humidity is 80-85% and
annual solar radiation is 9.25 mJm?/day lasting for 4 hours (Ogungbenro and
Morakinyo, 2014; Kolebaje et al., 2016; Daramola et al., 2017; Chinago, 2020;
Johnson et al., 2021; Nwuche and Daminabo, 2022).

Experimental Materials and Design

Seeds of the four tomato genotypes: F1 hybrid Thorgal from Agriseed Ltd., Technisem
in France; while NHTO 0294, NHTO 0201 and B52 were obtained from the Genetic
Resources Unit (GRU) of the National Institute of Horticultural Research and Training
(NIHORT), Ibadan, Oyo State, Nigeria. In 2021 late planting season, seeds were sown
in individual perforated plastic containers of 16.5 cm x 11.5 cm x 5 cm containing
sandy-loam soil on 24" of September, 2021 and six weeks after planting, the seedlings
were transplanted on 6™ November 2021, into perforated black polyethylene bags of
55 cm x 45 cm x 45 cm filled to three-quarter level with 10 kg of sandy-loam soil at
the rate of a seedling/ bag. In the early planting season of 2022, seeds were sown on
2" of April, 2022, and seedlings transplanted after six weeks on 14" May, 2022. The
four tomato genotypes were each replicated six times and arranged in a Completely
Randomised Design. Weeding was done when necessary. No soil amendments,
pesticides or fertilizers were applied. During fruiting, staking was done to prevent
plants from lodging.

Data Collection and Statistical analyses

Data collected included plant height, number of leaves/ plant, branches/ plant, days
from planting to 50% flowering, flowers/plant, days from flowering to fruiting, days
from planting to fruiting, days from planting to fruit maturity, days from fruiting to
fruit maturity and number of fruits per plant. Yield stability performance was estimated
as

the standardised mean of individual plants among individual plants of a crop stand
(Fasoula and Fasoula, 2002; Fasoula and Tokatlidis, 2012; Avdikos et al., 2021).

Yield stability = Mean yield (X)
Standard deviation (sd)

All data were analysed using the analysis of variance to test for significance at 5% and
1% levels of significance in a completely randomised design in a factorial arrangement
with planting season (late season planting and early season planting) as Factor A.
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Tomato genotype (F1 hybrid Thorgal, NHTO 0294, B52, and NHTO 0201) was factor
B; giving a 2 x 4 factorial allowing all the factors to be tested together to determine
seasonal and genotypic effects as well as interactions. An interaction between 2 factors
can be measured only if both are tested together in the same experiment. Where the F-
test was significant, the means were compared using the least significant difference
(LSD) test at the 0.05 and 0.01 levels of probability.

RESULTS
In Table 1 shows the effects of planting season and tomato genotype on the number of
days from planting to fruiting, days from planting to fruit maturity, and days from
fruiting to fruit maturity. These traits did not differ significantly with planting season
and tomato genotype and there were no significant interaction effects between planting
season and tomato genotype.

Plant height

Tomato plants grown in the early season (April) were significantly taller (p<0.05) than
those planted in the late season (September) in all genotypes. (Table 1). The heights
of the tomato genotypes in the late planting season were not significantly different
from each other. Also, in the early planting season height of tomato genotypes did not
differ from each other. Tomatoes grown in the early planting season were significantly
taller than those grown in the late planting season.

Number of Leaves per Plant

The number of leaves of all genotypes of tomato grown in the late season was
significantly less (p<0.05) than that at the early season (Table 1). There was at least a
50% reduction in the number of leaves of each tomato genotype grown in the late
season when compared with the early season. The NHTO 0294 had the highest
reduction in the number of leaves in the late season (289 %). The tomato genotypes
showed significant differences in the number of leaves only in the early planting
season. The NHTO 0294 genotype had significantly the highest number of leaves in
the early season. The NHTO 0201 and B52 genotypes did not differ significantly in
the number of leaves. The Thorgal F1 hybrid had the lowest number of leaves.

Number of Branches per Plant

Tomato cultivated in the late season in 2021 had a significantly fewer (p< 0.05)
branches than those of the early season in 2022 in all genotypes of tomato (Table 1).
The number of branches of early season tomato plants was 100% more than those of
the late season except in the case of B52 genotype which had only 67% more and for
NHTO 0294 which had up to 250% more. In the early season, NHTO 0294 had
significantly more branches than the B52 and the Thorgal F1 hybrid. The branches of
Thorgal F1 hybrid were significantly the lowest in both seasons.

Number of Flowers per plant

There were no significant differences (p<0.05) in the number of flowers in both
seasons (Table 1), although significant genotypic differences were observed in the
number of flowers. In both planting seasons, the B52 genotype had the highest number
of flowers
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Days from planting to flowering

All tomato genotypes grown in the late season of 2021 flowered between 65 and
85days whereas those planted in the early season of 2022 flowered 83-89 days after
planting (Table 1). Generally, tomato plants flowered earlier in the late season with
NHTO 0201 and NHTO 0294 genotypes flowering 24 and 21 days earlier,
respectively. Significant differences (p<0.05) were observed in the number of days
from planting to flowering of tomato genotypes in the early season compared to the
late season except for the Thorgal F1 hybrid and B52 genotypes. Days to flowering in
both seasons did not differ significantly for B52 and the Thorgal F1 hybrid.

Days from Flowering to Fruiting

The number of days from flowering to fruiting in all tomato genotypes in the late
season increased when compared with the early season (Table 1). Whereas the number
of day flowering to fruiting in the early season of 2022 ranged from 4-9 days for the
tomato genotypes, it took between 8-15 days in the 2021 late season. However, only
NHTO 0294 recorded a significant difference (p<0.05) of over 300% increase in days
from flowering to fruiting in both seasons.

Number of Fruits per Plant

The number of fruits per plant in all tomato genotypes in the early season was higher
than in the late season (Table 1). Whereas fruits per plant varied from 3-8 in the tomato
genotypes in the early season, it ranged from 1-4 in the late season. However only B52
and NHTO 0294 genotypes showed significant differences (p<0.05) when compared
with the early and late seasons. Whereas fruits per plant in B52 genotype declined by
100% in the late season, that of NHTO 0294 declined by 250%.

Planting Season x Tomato Genotype Interaction

The interaction effects between planting season and tomato genotype were not
significant (p>0.05) for plant height, branches/plant, days from planting to flowering
and days from flowering to fruiting of tomato plants. However, significant (p<0.05)
interaction effects of planting season and tomato genotype were observed in the
number of leaves produced (Fig 1) and in the number of fruits per plant (Fig 2). The
NHTO 0294 and B52 genotypes showed a higher decrease in number of fruits per plant
in the late season than in the early season.

Yield Stability Performance

Yield stability of tomato genotypes in the late planting season of 2021 and early
planting season of 2022 is presented in Table 2, In the late season, B52 had the highest
yield stability of 2.857, whereas in the early season, NHTO 0294 had the highest yield
stability of 2.121.

DISCUSSION
The growth performance of tomato genotypes in the field was assessed in the late and
early planting seasons in Port Harcourt, a high rainfall and humid rainforest region.
Vegetative growth in the 2022 early planting season was significantly higher
than in the late planting season of 2021 for all tomato genotypes as indicated by
vegetative traits, like plant height, number of leaves and branches. This could be
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attributed to availability of water and higher relative humidity in the early planting
season than the late planting season or dry season. Generally, the amount of rainfall in
Port Harcourt increases from February, peaks in September and declines thereafter
from October to December (Johnson et al., 2021; Nwuche and Daminabo, 2022). The
number of leaves and branches which are indicative of luxuriant vegetative growth
with adequate water (Sanchez-Rodriguez et al., 2011; Chand et al., 2021) declined by
at least 50% in all tomato genotypes in the 2021 late planting season compared to the
2022 early planting season, with NHTO 0294 being the worst affected indicating,
perhaps, that it is the most susceptible to water stress. Zhang et al. (2018) and Liang
et al. (2020) reported that low water availability reduced plant growth by limiting
photosynthetic rate. Similar results of lower vegetative growth in the late season have
been reported by Oladitan and Oluwasemire (2018) for tomato varieties grown in the
transition zone of the derived savannah/rainforest region of Nigeria.

Significant genotypic differences were observed in the number of leaves and
branches in the 2022 early season. Although the number of leaves produced in NHTO
0201, B52 and NHTO 0294 was comparably high in the early planting season, there
was a sharp decline in the late planting season in the three genotypes. This could have
been due to changes in weather conditions such as reduction in rainfall, water
availability, higher temperature and lower relative humidity. However, the F1 hybrid
Thorgal did not show significant decrease in the number of leaves in the late season as
did the other three genotypes. Poiroux-Gonord et al.(2010) and Ripoll et al. (2014)
suggested that the varying responses of tomato genotypes to inadequate water
availability as well as other abiotic stresses should be thoroughly investigated in order
to identify and develop genotypes that are adapted to such conditions. This study
showed that there was a significant interaction of planting season and tomato on the
number of leaves and branches, indicating that the genotypes responded differently to
seasons. Significant planting season x genotype interactions poses a challenge to
breeders (Baraki et al., 2014). Gur et al. (2011) and Albert et al. (2016) observed that
interaction between genotype and environment was significant for some traits such as
fresh weight of fruit, primary and secondary metabolism contents and firmness of
fruits. Phenological traits such as flowers per plant, days from planting to fruiting, days
from planting to fruit maturity and days from fruiting to fruit maturity did not differ
significantly between the early and late planting seasons. However, days to flowering
and days from flowering to fruiting showed significant differences between the
planting seasons. Tomatoes grown in the late planting season flowered earlier than
those grown in the early planting season. The number of days from flowering to
fruiting increased significantly in the late planting season compared to the early
planting season. Lower precipitation and relative humidity in the late season favoured
early flowering but delayed fruiting as reported by Oladitan and Oluwasemire (2018).
With respect to yield stability among the tomato genotypes, the genotype combining
the highest mean yield (X) with the highest yield stability performance (X/sd) is the
most stable and productive. An ideal genotype should always combine high yield with
stability of performance. The B52 genotype had the highest yield, followed by the
NHTO 0294. Across both seasons, the B52 genotype had the highest yield stability
and was the most stable and productive (Fasoula and Fasoula, 2002; Fasoula and
Tokatlidis, 2012; Avdikos et al., 2021).
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CONCLUSION
This study identified the tomato genotype B52 with the highest yield, in both late and
early planting seasons. This genotype could be used as a breeding material in future
tomato breeding programmes. Significant planting season X genotype interactions
showed that genotypes responded differentially to the changes in the seasons.
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Table 1. Mean sum of squares from ANOVA of growth and yield stability of tomato genotypes in late planting season of 2021 and
early planting season of 2022 in the high rainfall and humid rainforest of Port Harcourt

20

No. of No. of
No. of No. of No. of days days

Sources of Plant No. of No. of days to No. of days from days from from from NO.' of

L df . leaves/pla  branche/ flowers / ; . . - fruits /
Variation height nt maturit 50% lant flowering plantingto planting  fruiting lant

y flowering P to fruiting  fruiting to fruit  to fruit P
maturity  maturity
Planting 1 3879.3**  9695.1** 88.5** 1938.0* 3.0m 288.1* 852.6™ 44275  160.2™ 67.4*
season (A)
Tomato 3 55.0™ 1855.8** 19.3** 262.9™ 5.0* 35.6™ 9425 4687.4™  326.1™ 12.3™
genotype (B)
(AxB) 3 77.0™ 978.9** 6.0 390.2"™ 3.2™ 47.6™ 367.4™  3032.9™  204.3™  52.5**
Interaction
4 95.4 184.9 2.9 285.5 1.7 40.7 1059.1 1947.3 182.8 10.7

Error 0
CV% 13.3 15.3 12,4 11.1 13.9 10.9 10.2 12.0 12.0 11.9

* Significant at P =0.05; ** Significant at P =0.01; ns = not significant; cv% = coefficient of variation
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Table 2. Yield stability performance of tomato genotypes in late planting season of
2021 and early planting season of 2022

Planting Season Tomato Mean Number Standard Yield Stability
Genotype of Fruits/ plant  Deviation (sd) Performance
(X) (X/sd)
Late Planting NHTO 0201 1 1.2 0.833
B52 4 14 2.857
(2021) NHTO 0294 2 2.3 0.870
F1 THORGAL 1 1.3 0.769
Early Planting  NHTO 0201 4 4.9 0.816
(2022) B52 8 5.9 1.356
NHTO 0294 7 3.3 2.121
F1 THORGAL 3 2.4 1.250
e NHTO 0201  <cecee- B52
80 — - :NHTO 0294 eee THORGAL F1
70 /
/
60 /.
/
50 )
c
©
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Fig 1. Interaction effects of planting season and tomato genotype on number of leaves
per plant
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—NHTO 0201 = «sccee B52

Number of fruits /plant
\

Late Season 2021 Early Season 2022
Planting Season

Fig. 2. Interaction effects of planting season and tomato genotype on number of fruits
per plant



23
NJB, Volume 37 (1), June, 2024  Growth and Yield Stability of Tomato Genotypes

REFERENCES
Ajayi, A.M. and Hassan, G.F. (2019). Response of Selected Tomato (Solanum
lycopersicum L.) Cultivars to On-field Biotic Stress. Journal of Agricultural
and Crop Research, 7(3):38-46. DOI: 10.33495/jacr_v7i3.19.110

Albert, E., Gricourt, J., Bertin, N., Bonnefoi, J., Pateyron, S., Tamby, J.P., Bitton, F.
and Causse, M. (2016). Genotype-by-Watering Regime Interaction in
Cultivated Tomato: Lessons from Linkage Mapping and Gene Expression.
Theoretical and Applied Genetics, 129:395-418. DOI:10.1007/s00122-015-
2635-5

Avdikos, I.D., Tagiakas, R., Mylonas, I., Xynias, I.N. and Mavromatis, A.G. (2021).
Assessment of Tomato Recombinant Lines in Conventional and Organic
Farming Systems for Productivity and Fruit Quality Traits. Agronomy,
11(129): 1-°17. Doi.org/10.3390/agronomy 11010129

Baraki, F., Tsehaye, Y. and Abay, F. (2014). AMMI analysis of genotypex
environment interaction and stability of sesame genotypes in Northern
Ethiopia. Asian Journal of Plant Sciences, 13(4-8): 178-183.
d0i:10.3923/ajps.2014.178.183

Bihon, W., Ognakossan, K. E., Tignegre, J.B., Hanson, P., Ndiaye, K. and Srinivasan,
R. (2022). Evaluation of Different Tomato (Solanum lycopersicum L.) Entries
and Varieties for Performance and Adaptation in Mali, West Africa.
Horticulturae, 8(579): 1-13. https://doi.org/10.3390/ horticulturae8070579

Chand, J., Hewa, G.A., Hassanli, A.M. and Myers, B. (2021). Deficit Irrigation on
Tomato Production in a Greenhouse Environment: A Review. Journal of
Irrigation and Drainage Engineering, 147(2): 04020041.
DOI:10.1061/(ASCE)IR.1943-4774.0001529

Chinago, A. B. (2020). Analysis of rainfall trend, fluctuation and pattern over Port
Harcourt, Niger Delta coastal environment of Nigeria. Biodiversity
International Journal, 4(1): 1-8. DOI: 10.15406/bij.2020.04.00158

Daramola, M. T., Eresanya, E. O. and Erhabor, S. C. (2017). Analysis of Rainfall and
Temperature over Climatic Zones in Nigeria. Journal of Geography,
Environment and Earth  Science International, 11(2), 1-14.
Doi.org/10.9734/JGEESI/2017/35304

Falaiye, O.A., Olaitan, A.G. and Nwabachili, S.C. (2021). Parametric Analysis of
Rainfall Variability over some Selected Locations in Nigeria. International
Journal of Climate Research, Conscientia Beam, 5(1): 35-48.

Fasoula, D.A. and Fasoula, V.A. (1997). Competitive Ability and Plant Breeding. In: .
Janick, J. (ed.). Plant Breeding Reviews 14. John Wiley & Sons, Inc. Pp. 138.


https://doi.org/10.1007/s00122-015-2635-5
https://doi.org/10.1007/s00122-015-2635-5
https://doi.org/10.3390/agronomy%2011010129
https://www.researchgate.net/journal/Journal-of-Irrigation-and-Drainage-Engineering-1943-4774?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/journal/Journal-of-Irrigation-and-Drainage-Engineering-1943-4774?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1061/(ASCE)IR.1943-4774.0001529
https://doi.org/10.9734/JGEESI/2017/35304
https://ideas.repec.org/s/pkp/ijocre.html
https://ideas.repec.org/s/pkp/ijocre.html

24
NJB, Volume 37 (1), June, 2024 Goodlife, E. E. et al.

Fasoula, V.A. and Fasoula, D.A. (2002). Principles Underlying Genetic Improvement
for High and Stable Crop Yield Potential. Field Crops Research, 75(2-3): 191-
209. Doi.org/10.1016/S0378-4290(02)00026-6

Fasoula, V.A. and Tokatlidis 1.S. (2012). Development of Crop Cultivars by
Honeycomb Breeding. Agronomy for Sustainable Development, 32 (1):161-
180. DOI 10.1007/s13593-011-0034-0

Firon, N., Shaked, R., Peet, M. M., Pharr, D. M., Zamski, E., Rosenfeld, K., Althan,
L. and Pressman, E. (2006). Pollen Grains of Heat-Tolerant Tomato Cultivars
retain Higher Carbohydrate Concentrations under Heat-Stress Conditions.
Scientia Horticulturae, 109 (3): 212-217.
Doi.org/10.1016/j.scienta.2006.03.007

Gur, A., Semel, Y., Pleban, T., Zamir, D., Osorio, S., Fernie, A.R., Friedmann, M.,
Seekh, S., Mohammad, A., Ghareeb, B. and Gera, G. (2011). Yield quantitative
traitloci from wild tomato are predominantly expressed by the shoot.
Theoretical and Applied Genetics, 122:405-420. DOI 10.1007/s00122-010-
1456-9.

Isa, H.M., Manga, A.A. and Hussaini, M.A. (2017). Correlation and Contribution of
Some Growth and Yield Components to Fruit Yield of Tomato (Solanum
lycopersicon L.), Journal of Dryland Agriculture, 3 (1): 94-98.

Johnson, D.V., Gobo, A.E., Ngerebara, O.D. and Ekaka-A, E.N. (2021). Daily Rainfall
Intensities Leading to Flood in Port Harcourt, Nigeria. International Journal of
Pure and Applied Science, 20 (9): 25-55.

Jones, B.J. (2008). Tomato Plant Culture: In the Field, Greenhouse and Home Garden.
CRC Press, Boca Raton, FL, USA. 399p.

Ketema, W. and Beyene, D. (2021). Adaptability Study and Evaluation of Improved
Varieties of Tomato (Lycopersicon esculentum L.) under Irrigation for their
Yield and Yield Components in East Wollega, Western Ethiopia. International
Journal of Advanced Research in Biological Sciences, 8(7): 118-125. DOI:
http://dx.doi.org/10.22192/ijarbs.2021.08.07.013

Kolebaje, O. T., Ikusika, A. and. Akinyemi, P. (2016). Estimating Solar Radiation in
Ikeja and Port Harcourt via Correlation with Relative Humidity and
Temperature. International Journal of Energy Production and Management,
1(3): 253-262. DOI: 10.2495/EQ-V1-N3-253-262

Kugblenu, Y.O., Danso, E.O., Ofori, K., Andersen, M.N., Abenney-Mickson, S., Sabi,
E. B., Plauborg, F., Abekoe, M.K., Ofosu-Anim, J., Ortiz, R. and Jgrgensen,
S.T. (2013). Screening Tomato Genotypes for Adaptation to High Temperature
in West Africa. Acta Agriculturae Scandinavica. Section B-Soil and Plant
Science, 63 (6): 516-522. D0i.org/10.1080/09064710.2013.813062


https://doi.org/10.1016/S0378-4290(02)00026-6
https://www.sciencedirect.com/journal/scientia-horticulturae
https://doi.org/10.1016/j.scienta.2006.03.007

25
NJB, Volume 37 (1), June, 2024  Growth and Yield Stability of Tomato Genotypes

Ladan, S.I. and Badaru, S. I. (2021). Food Security and National Insecurity: Pathways
to Averting an Impending Food Crisis in Nigeria. Direct Research Journal of
Agriculture and Food Science, 9: 350-359. DOL:
https://doi.org/10.26765/DRJAFS88706683

Liang, G., Liu, J., Zhang, J. and Guo, J. (2020). Effects of Drought Stress on
Photosynthetic and Physiological Parameters of Tomato. Journal of the
American Society for Horticultural Science, 145(1): 12-17.
Doi.org/10.21273/JASHS04725-19

Mata-Nicolas, E., Montero-Pau, J., Gimeno-Paez, E., Garcia-Carpintero, V., Ziarsolo,
P., Menda, N., Mueller, L.A., Blanca, J., Cafiizares, J., van der Knaap, E. and
Diez, M.J. (2020). Exploiting the Diversity of Tomato: The Development of a
Phenotypically and Genetically Detailed Germplasm Collection. Horticulture
Research, 7(66): 1-14. Doi.org/10.1038/s41438-020-0291-7

Nwuche, B. and Daminabo, F.F.O. (2022). Understanding the Climate of Port Harcourt
for Energy-Efficient and Sustainable Building Design. Global Scientific
Journal. 10(4): 1364-1374; ISSN 2320-9186.

Ogungbenro, S. B. and Morakinyo, T. E. (2014). Rainfall Distribution and Change
Detection across Climatic Zones in Nigeria. Weather and Climate Extremes. 5-
6: 1-6. Doi.org/10.1016/j.wace.2014.10.002 2212-0947/& 2014.

Ojo, J. S. (2020). Governing “Ungoverned Spaces” in the Foliage of Conspiracy:
Toward (re) Ordering Terrorism, from Boko Haram Insurgency, Fulani
Militancy to Banditry in Northern Nigeria. Africa Security, 13(1): 77-110. DOI:
10.1080/19392206.2020.1731109

Oladitan, T. O. and Oluwasemire, K. O. (2018). Influence of Weather Condition on
Selected Tomato Varieties in Response to Season of Sowing in Akure, a
Rainforest Zone of Nigeria. Arts and Humanities Open Access Journal, 2(6):
422-426. DOI: 10.15406/ah0aj.2018.02.00092

Ozores-Hampton, M. (2014). Hand-Pollination of Tomato for Breeding and Seed-
Production. UF IFAS EXTENTION University of Florida.4pp. DOI:
10.32473/edis-hs1248-2014

Ozores-Hampton, M., Kiran, E. and McAvoy, G. (2012). Blossom Drop, Reduced
Fruit Set and Post-Pollination Disorders in Tomato. IFAS Extension,
University of Florida Institute of Food and Agricultural. 6p. DOI:
10.32473/edis-hs1195-2012.

Poiroux-Gonord, F., Bidel, L.P.R., Fanciullino, A-L., Gautier, H., Lauri-Lopez, F. and
Urban, L. (2010). Health Benefits of Vitamins and Secondary Metabolites of
Fruits and Vegetables and Prospects to increase their Concentrations by


http://dx.doi.org/10.32473/edis-hs1195-2012

26

NJB, Volume 37 (1), June, 2024 Goodlife, E. E. et al.

Agronomic Approaches. Journal of Agricultural and Food Chemistry, 58(23):
12065-82. doi: 10.1021/jf1037745.

Ripoll, J., Urban, L., Staudt, M., Lopez-Lauri, F., Bidel, L.P.R. and Bertin, N. (2014).
Water Shortage and Quality of Fleshy Fruits—Making the Most of the
Unavoidable. Journal of Experimental Botany, 65(15): 4097-4117.
doi:10.1093/jxb/eru197

Sa'nchez-Rodri’guez, E., Rubio-Wilhelmi, M. M., Blasco, B., Consta'n-Aguilar, C.,
Romero, L. and Ruiz, J. M.. (2011). Variation in the Use Efficiency of N under
Moderate Water Deficit in Tomato Plants (Solanum lycopersicum) Differing in
their Tolerance to Drought. Acta Physiologiae Plantarum, 33:1861-1865. DOI
10.1007/s11738-011-0729-5

Sato, S., Peet, M.M. and Thomas, J.F. (2000). Physiological Factors Limit Fruit Set of
Tomato (Lycopersicon esculentum Mill.) Under Chronic, Mild Heat Stress.
Plant, Cell and Environment, 23: 719-726. Doi.org/10.1046/j.1365-
3040.2000.00589.x

Sato, S., Kamiyama, M., lwata, T., Makita, N., Furukawa, H. and Ikeda, H. (2006).
Moderate Increase of Mean Daily Temperature Adversely Affects Fruit Set of
Lycopersicon esculentum by disrupting Specific Physiological Processes in
Male Reproductive Development. Annals of Botany, 97(5): 731-738.
D0i:10.1093/aob/mcl037

Selamawit, K., Jibicho, G., Yosef, A., Gebeyehu, W., Melkamu, H. and Tesfa, B.
(2017). Yield Stability and Quality Performance of Processing Tomato
(Solanum lycopersicum Mill.) Varieties in the Central Rift Valley of Ethiopia.
International Journal of Research in Agriculture and Forestry, 4(12): 11-15.

Sora, S. A. (2018). Review on Productivity of Released Tomato (Solanum
lycopersicum Mill.) Varieties in Different Parts of Ethiopia. Journal of
Horticulture Science and Forestry, 1(1): 1-5.

Sowumi, F. A. and Akintola, J. O. (2010). Effect of Climatic Variability on Maize
Production in Nigeria. Research Journal of Environmental and Earth Sciences,
2(1): 19-30.

Ugonna, C. U., Jolaoso, M. A. and Onwualu, A. P. (2015). Tomato Value Chain in
Nigeria: Issues, Challenges and Strategies. Journal of Scientific Research and
Reports, 7(7): 501-515. DOI:10.9734/JSRR/2015/16921

Wokoma, E. C. W. (2008). Preliminary Report on Diseases of Tomato in Choba,
Rivers State. Journal of Applied Sciences and Environmental Management,
12(3): 117 - 121. DOI:10.4314/jasem.v12i3.55513


https://doi.org/10.1046/j.1365-3040.2000.00589.x
https://doi.org/10.1046/j.1365-3040.2000.00589.x
https://doi.org/10.1093%2Faob%2Fmcl037
https://doi.org/10.9734/JSRR/2015/16921
https://doi.org/10.4314/jasem.v12i3.55513

27
NJB, Volume 37 (1), June, 2024  Growth and Yield Stability of Tomato Genotypes

Xu, J., Wolters-Arts, M., Mariani, C., Rieu, I. and Huber, H. (2017). Heat Stress affects
Vegetative and Reproductive Performance and Trait Correlations in Tomato
(Solanum lycopersicum). Euphytica. 213(156): 1-12. Do0i:10.1007/s10681-
017-1949-6

Yan, W. (2014). An overview of variety trial data and analyses. In: Crop Variety
Trials: Data Management and Analysis, Yan, W. (ed). John Wiley and Sons,
Inc. Pp 23-30. DOI:10.1002/9781118688571

Zhang, D., Jiao, X., Du, Q., Song, X. and Li, J. (2018). Reducing the Excessive
Evaporative Demand Improved Photosynthesis Capacity at Low Costs of
Irrigation via Regulating Water-Driving Force and Moderating Plant Water
Stress of Two Tomato Cultivars. Agricultural Water Management. 199: 22—
33. https://doi.org/10.1016/j.agwat.2017.11.014


https://www.sciencedirect.com/journal/agricultural-water-management
https://doi.org/10.1016/j.agwat.2017.11.014

28



