World Journal of Agricultural Research, 2026, Vol. 14, No. 2, 29-37
Available online at http://pubs.sciepub.com/wjar/14/2/1

Published by Science and Education Publishing
DOI:10.12691/wjar-14-2-1

g i

gl

Seasonal Variation on Crossability and Genetic
Studies Between Heat Tolerant and Susceptible
Tomato (Solanum lycopersicum Mill.)
Accessions Under Contrasting Conditions

Hamisu H.S."", Ishiyaku M.F.2, Mohammed S.M.%, Umar L.M.?, Abdulmalik. M.M 2,
Umeh P.P.2, Yakasai A.S.2, Sa’idu G.2, Hudu M.}, Kala A.1.}, Abdullahi A.K?, Yakub A.M.!

!National Horticultural Research Institute, P.M.B 3390, Bagauda Station, Kano State
2Department of Plant Science, Institute for Agricultural Research, Ahmadu Bello University, P.M.B 1044, Samaru, Zaria, Kaduna State
®Department of Horticultural Technology, Audu Bako College of Agriculture, Danbatta, Kano State
*Corresponding author: saleh00073hamisu@gmail com

Received June 02, 2026; Revised July 03, 2026; Accepted July 10, 2026

Abstract Tomato is a self-pollinating crop and relatively easy to cross, producing around 25-50 seeds per fruit.
Despite its ease of crossing, specific periods and conditions for crossing tomatoes remained undocumented in
Nigeria. Therefore, there is a need to investigate the appropriate period and time for crossing tomatoes with an
acceptable percentage fruit set under contrasting conditions for a tomato breeding program. It is also vital to
understand the nature and magnitude of genetic variability for various traits under hot dry and wet humid conditions.
Screen house experiments were conducted in a completely randomized design with three repetitions under dry hot
(37.18°C/28.65°C and 19.27%) and wet humid (29.71°C/24.53°C and 75.13%) conditions in the year 2022 to
develop eight sets of F;, BCP; and BCP, crosses. Eight traits were recorded on five plants for days to flowering,
number of pollinated flowers, number of fruits set, percentage fruits set, number of aborted flowers, days to maturity,
number of seeds per fruit and number of fruits without seeds. The results revealed significant mean squares and high
genotypic variance compared to environmental variance under both conditions for all studied traits, suggesting high
genetic variability for the traits. High broad-sense heritability was recorded for all traits, showing that environmental
factors have less influence on the expression of these traits. BCP; and BCP, crosses flowered early and produced the
highest number of fruits set, percentage fruits set, number of seeds per fruit, but had minimum number of aborted
flowers and number of fruits without seeds under wet humid conditions because of low day and night temperatures
compared to F; crosses under dry hot conditions. Number of pollinated flowers shows a highly significant positive
correlation at genotypic and phenotypic levels with number of fruits set, percentage of fruit set and number of
aborted flowers. Based on the results of the study, it is recommended to cross tomatoes in wet humid (September)
conditions to achieve a higher percentage of fruits set, number of seeds per fruit, with a minimum number of aborted
flowers and fruits without seeds. However, early morning pollination should be avoided under wet humid conditions
due to the inability of the flowers to release sufficient pollen because of high humidity.
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pentamerous, and bisexual with regular pistils enveloped
by a solid tube formed by the stamen (1.5-2cm) and
usually grow opposite or between leaves. Anthers are
bright yellow surrounding the style with an elongated

1. Introduction

Tomato (Solanum lycopersicum Mill.) belongs to the
family Solanaceae, genus Lycopersicon, sub-family
Solanoideae and tribe Solaneae [1]. All tomato species are
diploid (2n=24). Tomato is a self-pollinating crop. The
flowers are bright yellow, ebracteate, chasmogamous,

sterile tip. Tomato is very rich in lycopene, beta-carotene,
flavonoids, vitamins, minerals, essential amino acids,
sugars, dietary fibres and fruits are consumed fresh in
salads or cooked in sauces, soup and fish or meat dishes
[2] and processed into tomato soup, sauces, chilli sauces,
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ketchup, powder, flakes, juice, pulp, purée, paste and
pickled.

Tomato is a perennial but is usually grown and
cultivated as an annual plant in an open field or under a
greenhouse in tropical and temperate climates. It requires
a relatively cool and dry climate for high yield and
premium fruit quality. Despite its widespread cultivation
across different climatic agro-ecologies, heat stress due to
high temperature was major abiotic stress that caused bud
drop, abnormal flower growth, poor pollen formation,
poor inflorescence and pollen viability, ovule abortion and
reduced carbohydrate content in tomato [3]. The
reproductive stage is found to be more vulnerable to heat
stress than the vegetative stage in tomato [4]. This
situation needs the development of tomato cultivar(s)
tolerant to high temperature stress in high-temperature
prone environments. Tomato is relatively easy to cross
with an average of 25-50 seeds per fruit. However,
climatic conditions such as high temperature and relative
humidity affect anther and pollen development and their
function in tomato flowers, thereby reducing a reduction
in percentage fruit set. [5] found that the optimum
temperatures for tomato fruit set are between 25°C and
30°C during the photoperiod and 20°C during the dark
period, and an increase of 2°C- 4°C over the optimal
temperature which adversely affects gamete development
and inhibits the ability of pollinated flowers to develop
into fruits [6,7,10]. [9,34] observed that a relative
humidity range of 50%-70% is optimal for tomato
pollination while increasing humidity to 90% increases
pollen susceptibility to heat stress, thereby reducing fruit
set. High relative humidity greater than 70% increases
pollen adhesion within the anthers, which reduces pollen
release. In contrast, relative humidity greater than 70%
sustained for more than 24 hours increases flower
abscission, whereas higher night humidity only limits
flower opening [10]. [10] also observed low relative
humidity coupled with high temperatures causes the
drying of stigma which impairs pollen receptivity. [11]
found that an increase in relative humidity between 60%
and 70% improves pollen and fertilization in tomato
compared to relative humidity of 30% to 40% relative
humidity. [12] observed that out of 115 flowers crossed
between Akungba x NG/AA/SSEP/09/042 tomato
accessions, 87 crosses produced matured fruits, while 28
crosses aborted under humid conditions. [13] observed
reductions in fruit set, pollen viability, pollen germination,
and increased bud abscission rates under heat stress from
field and controlled greenhouse environments. The size
and shape of floral buds were affected in eleven tomato
cultivars under heat stress, showing poor pollen
germination, stigma exertion, curled petals and causing
the sepals and petals to open earlier than under normal
conditions [14]. Similarly, [15] reported a significant
decreased in fruit set by 71.5% and 68.3% under
greenhouse (30.0/26.2°C and 77.6/97.2% RH) and open
field (31.50/28.88°C and 66.72/77.82% RH) conditions,
respectively. The genotypic coefficient of variation and
phenotypic coefficient of variation are useful for
determining the amount of variability present among the
genotypes. Heritability is the proportion of genetic
variance to the total variance, which helps in determining
the influence of environmental factors on the expression

of the trait and the extent to which improvement is
possible after selection [16]. The specific period and
conditions for crossing tomatoes remained undocumented
in Nigeria. Therefore, there is a need to investigate the
appropriate period for crossing tomatoes with an
acceptable percentage of fruit setting under contrasting
conditions for a tomato breeding program. The study was
conducted to identify the best period and conditions for
crossing tomatoes using heat tolerant and susceptible
tomato genotypes and to determine the nature and
magnitude of variability and heritability under dry hot and
wet humid conditions.

2. Materials and Methods

The experiments were conducted at the National
Horticultural Research Institute, Bagauda station, Kano
screen house (11.562078N; 8.38762E with an altitude of
506m) in the Sudan Savannah using three repetitions in
the year 2022. The tomato accessions were introduced
from Gene Bank Gatersleben of the Leibniz Institute of
Plant Genetics and Plant Crop Research, Gatersleben,
Germany. Brief descriptions of the tomato accessions are
given in Table 1. The experimental materials comprised
six heat-tolerant tomatoes (Red cherry, Yamal, VFN 8-
9760, West Virginia Acc 36, West Virginia Acc 70 and
Wisniowe) and five heat susceptible tomatoes
(Jablonelistnyj, Alpatieva (tree-shaped), Bonny best, Best
of all and Carminviolett) were crossed in the screen house
to developed eight sets of F;, BCP, and BCP, crosses. The
seeds of the parents were sown in trays using coco peat
media on 18" December 2021 and transplanted on 20"
January 2022 to develop F; crosses, while parents and F;
seeds were staggered and sown between 18-22" June
2022 and transplanted into plastic buckets on 19" July
2022 to developed BCP; and BCP, crosses. The crossing
of parents to develop F; crosses was carried out for 7
weeks between 2" March to 20" April 2022 (Dry hot
season), while crossing to develop BCP; and BCP, crosses
was conducted between 30" August to 18" October 2022
(Wet humid season). The instruments used for both
emasculation and pollination activities are shown in
Figure 1. Emasculation was carried out in the evening (4
p.m.) by choosing unopened flower buds with pale green
petals about 2-3 days away from opening. The corolla and
anther cone that covered the stigma were carefully
removed using sharp-pointed forceps, leaving only the
calyx, ovary, and style. Pollination was carried out the
next day after emasculation, early in the morning
(Between 7 am and 12 pm). Pollen was collected from the
dehiscent poricidal anther of male flowers using an
electric brush to force the pollen to shed through the apical
pores onto a black glass, and the stigma was carefully
dipped into the pool of pollen. Pollinated flowers were
tagged using thread and the date was recorded. Forceps,
scissors and black glass were sterilized using Alcohol to
avoid contamination of pollen from one cross to another.
Progressive enlargement of the ovary was observed for
successful pollinations. All opened flowers were removed
from the female plants to reduce competition and improve
the source and sink for the developing fruits. Matured
fruits were harvested, and seeds were extracted and
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fermented for 1 to 2 days depending on the temperature to
allow the mucilage around the seeds to dissolve and
separate. The seeds were washed, rinsed with clean water
and dried at room temperature. Data were collected on
average days to flowering, number of pollinated flowers,
number of fruits set per plant, percentage fruit set, number
of aborted flowers, number of seeds per fruit and number
of fruits without seeds. Estimates of the genotypic
coefficient of variation (GCV) and phenotypic coefficient
of variation (PCV) were estimated according to [17] and
classified according to [18] as follows: low = 0-10%,
moderate = 10-20% and high = 20% and above.
Heritability was calculated according to [17] and
categorized according to [16] as follows: low = 0-30%,
moderate = 30-60% and high = 60% and above. Day and
night temperatures, along with relative humidity were
recorded using a temperature and humidity meter (Brann
Meter, UK) (Table 2). Data were analyzed for genetic
analysis using a variability package (version 0.1.0) in R
studio, while ANOVA and phenotypic and genotypic
correlations were performed using STAR (version 2.0.1)
[36] and Meta-R (version 6.0) [33], respectively. The
analysis for the GGE biplot was done using the metan
package in R (version 1.18.0) [35].

3. Results

3.1. Mean Squares and Genetic Variability
of the Genotypes Under
Contrasting Conditions

Mean squares showed highly significant (P > 0.001)
differences for all traits measured among P,, P, F; BCP;
and BCP, tomato genotypes under dry hot and wet humid
conditions (Table 3). The genotypic variance was higher
than the environmental variance for all traits across both
conditions (Table 3). The phenotypic coefficient of
variation values was higher than the genotypic coefficient
of variation, for all traits under study (Table 3). The
relative difference observed between PCV and GCV
values was minimal across the conditions for days to
flowering, number of pollinated flowers, percentage fruit
set and days to maturity. Broad sense heritability values
were high for all traits (>60%) across the dry hot and wet
humid conditions (Table 3).

Table 1. Brief description of the tomato accession used in the study

Table 2. Average day and night temperature and relative humidity
of the screen house during dry and wet conditions of the 2022 at
Bagauda, Kano

Day . .
Month temr()f(r:f;ture tempe’\rls;ﬂ:]rte (°C) hurFT{I?(ljeilg/V?%)
Dry hot condition
March 36.89 25.82 14.65
April 37.47 31.48 23.89
Average 37.18 28.65 19.27
Wet humid condition

August 29.57 23.40 81.78
September 28.23 21.23 72.97
October 31.33 28.97 70.64
Average 29.71 24.53 75.13

Accession Name Reaction to heat country of origin

Red Cherry Tolerant IPK, Germany
Yamal Tolerant Russia Federation
VFN 8-97160 Tolerant United Kingdom
West Virginia Acc 700 Tolerant USA
West Virginia Acc 36 Tolerant USA
Wisniowe Tolerant Poland
Jablonelistny;j Susceptible Ukraine
Alpe;tLe;;;S'ree- Susceptible Russia Federation
Bonny Best Susceptible IPK, Germany
Best of All Susceptible IPK, Germany
Carminviolett Susceptible IPK, Germany

Figure 1. Electric brushes, scissors, black glass, forceps and thread for
the emasculation and pollination operations.

3.2. Mean Performance of the Genotypes
Under Contrasting Conditions

The mean performance of the parents for the days to
flowering ranged from 25 to 40.50 days across dry hot and
wet humid conditions, respectively (Table 4). The Bonny
best took 40.50 days to flower, whereas West Virginia
Acc 63 and Wisniowe flowers on 25.00 days across the
conditions. West Virginia Acc 63 recorded minimum days
to maturity, while Bonny took a long time to mature
among parents across dry hot and wet humid conditions
(Table 4). The results among the parents also revealed that
the number of seeds per fruit and number of fruits without
seeds were high and low in wet humid conditions
compared to dry hot conditions. The BCP; and BCP,
crosses in wet humid conditions flower earlier than F;
crosses under dry hot conditions (Table 4). It was
observed that the number of successful fruits set after
pollination, percentage fruits set were higher under wet
humid conditions compared to dry hot conditions. A
higher number of aborted flowers were observed among
F, crosses under dry hot and their values were higher than
the overall mean (34.48), while the minimum number of
aborted flowers was recorded for the backcrosses under
wet humid conditions. The results across dry hot and wet
humid conditions (Table 4) indicate that the F;, BCP; and
BCP, crosses were medium for days to maturity.
Backcrosses under wet humid conditions recorded the
highest and lowest number of seeds per fruit and number
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of fruits without seed, respectively. F; crosses recorded
minimum number of seeds per fruit and maximum number
of fruits without seeds under dry hot conditions (Table 4).

3.3. Correlations

Results for genotypic and phenotypic correlation
coefficients revealed that the estimates of genotypic
correlations were higher than their corresponding
phenotypic correlations under hot dry and wet humid
conditions. Under both dry hot and wet humid conditions,
number of pollinated flowers showed highly significant
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positive correlation (Table 5 and Table 6) at genotypic and
phenotypic levels with number of fruits set (0.97 and 0.97),
percentage fruit set (0.96 and 0.94). Furthermore,
significant positive correlations under both conditions
were recorded between the number of pollinated flowers
and number of aborted flowers with values of 0.95 and
0.95 at genotypic and phenotypic levels, respectively.
Days to maturity revealed a highly significant negative
association with the number of seeds per fruit at genotypic
and phenotypic levels under hot dry and wet humid
conditions (Table 5 and Table 6).

Table 3. Mean squares and genetic parameters for eight traits during the dry and wet seasons of 2022 at Bagauda, Kano

Trait Mean squares EV GV PV
Dry Hot Wet humid Dry Hot h\lj\rlr?itd Dry Hot Wet humid Dry Hot Wet humid
DFL 29.25** 11.19** 3.51 2.18 12.87 451 16.38 6.69
NPFL 14947.30** 25833.10** 595.76 579.01 7175.78 12627.04 7771.54 13206.05
NFRS 4935.10** 16221.00** 313.44 505.27 2310.83 7857.86 2624.27 8363.13
PFRS 1456.68** 2744.22** 34.48 43.30 711.10 1350.46 745.58 1393.76
NAFL 3367.60** 2138.98** 207.47 273.36 1580.05 932.81 1787.51 1206.17
DM 313.14** 134.61** 21.56 14.97 145.79 59.82 167.00 74.79
NSPFR 134.60** 122.52** 12.51 30.26 61.05 46.13 73.55 76.39
NFRWS 14.99** 4,95%* 1.86 1.59 6.56 1.68 8.42 3.27

EV: Environmental variance, GV: Genotypic variance and PV: Phenotypic variance, DFL: Days to flowering, NPFL: number of pollinated flowers,
NFRS: number of fruits set, PFRS: Percentage fruit set, NAFL: number of aborted flowers, DM: Days to maturity, NSPFR: number of seeds per fruit

and NFRWS: number of fruits without seeds.

Table 3. continued

Trait ECV GCV PCV RD Hb (%)
Dry Hot Wet humid Dry Hot Wet humid Dry Hot hzvn?itd Dry Hot h\ljvrr?itd Dry Hot hz\rlﬁitd
DFL 5.79 5.12 11.08 7.36 12.50 8.97 1.42 161 78.58 67.38
NPFL 33.14 18.93 115.00 88.40 119.68 90.41 4.68 2.01 92.33 95.62
NFRS 44.35 24.27 120.42 95.70 128.32 98.73 7.90 3.03 88.06 93.96
PFRS 26.29 15.81 119.41 88.32 122.27 89.72 2.86 1.40 95.38 96.89
NAFL 42.69 47.95 117.82 88.57 125.32 100.72 7.50 12.15 88.39 77.34
DM 5.18 4.52 13.47 9.04 14.43 10.11 0.96 1.07 87.12 79.98
NSPFR 11.47 12.80 25.33 15.80 27.81 20.33 2.48 453 83.00 60.38
NFRWS 26.31 47.95 49.41 49.26 55.98 68.74 6.57 19.48 77.91 51.35

ECV: Environmental coefficient variation, GV: Genotypic coefficient variation and PV: Phenotypic coefficient variation, RD: relative
difference, Hb: Broad-sense heritability, DFL: Days to flowering, NPFL: number of pollinated flowers, NFRS: number of fruits set, PFRS:
Percentage fruit set, NAFL: number of aborted flowers, DM: Days to maturity, NSPFR: number of seeds per fruit and NFRWS: number of

fruits without seeds.

Table 4. Mean performance of parents, F;, BCP; and BCP, for eight traits during dry (37.18°C/28.65°C and 19.27%) and wet (29.71°C/24.53°C

and 75.13%) seasons of the year 2022 at Bagauda, Kano state

Dry hot
Genotype DFL NPFL NFRS PFRS NAFL DM NSPFR NFRWS

Parent

Red Cherry 3050 0.00 0.00 0.00 0.00 83.50 4250 250

Yamal 32.50 0.00 0.00 0.00 0.00 86.00 27.50 150

VFN 8-97160 3050 0.00 0.00 0.00 0.00 82,50 43.00 2.50

West V'Yrg(')”'a Acc 3150 0.00 0.00 0.00 0.00 84.00 31.00 3.00

West Virginia Acc 36 25.00 0.00 0.00 0.00 0.00 67.50 3550 4.00

Wisniowe 25.00 0.00 0.00 0.00 0.00 82,50 37550 4.00

Jablonelistnyj 35,50 0.00 0.00 0.00 0.00 10750 19.00 5.50

Alpatieva 34.00 0.00 0.00 0.00 0.00 90.50 34.00 6.00

Bonny Best 4050 0.00 0.00 0.00 0.00 11250 19.00 10.50

Best of All 36.50 0.00 0.00 0.00 0.00 10750 2150 2.00

Carminviolett 34.50 0.00 0.00 0.00 0.00 93.50 28.00 2.00

F; Cross
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Jablonelistnyj x Red

Cherts 30.50 200.00 93.50 46.84 106.50 80.50 48.00 11.00
Alpatieva x Yamal 31.00 185.50 120,50 64.97 65.00 78.50 32.50 550
Bonny %gsfs’évm 8- 35.50 146.50 69.00 43.94 7750 112,50 17.50 10.50

Best of All x West 35.00 205.00 129.00 62.43 76.00 86.00 29.00 5.50
Virginia Acc 700

Carminviolett x West ¢ o 136.50 41.00 30.57 95.50 73.00 26.50 7.00
Virginia Acc 36

Alpatieva x Wisniowe 3050 220.00 124.00 57.05 96.00 84.00 33.50 5.50

Best of All x

o 35.50 14750 97.50 65.99 50.00 102.50 37.00 3.50

Alpatieva x West 34,50 158.50 84.00 52.53 7450 89.00 23.50 450
Virginia Acc 36

Mean 3237 73.66 39.92 22.33 33.74 89.63 30.84 518

SE+ 181 24.75 20.70 9.26 18.93 5.30 3.38 1.40

cV 5.60 33.61 51.84 41.47 56.11 5.91 10.97 27.00

DFL: Days to flowering, NPFL: number of pollinated flowers, NFRS: number of fruits set, PFRS: Percentage fruit set, NAFL: number of aborted
flowers, DM: Days to maturity, NSPFR: number of seeds per fruit and NFRWS: number of fruits without seeds.

Table 4. continues

Wet humid
Genotype DFL NPFL NFRS PFRS NAFL DM NSPFR NFRWS
Parent
Red Cherry (P1) 29.50 0 0 0 0 75.50 51.00 2.50
Yamal (P2) 31.00 0 0 0 0 89.50 34.50 2.00
VFN 8-97160 (P3) 26.50 0 0 0 0 74.50 51.50 1.00
West V”g('P”A:;" Acc 700 o 59 0 0 0 0 82.00 41.00 250
West V"(Q’F:g;a Acc36 550 0 0 0 0 67.00 48.50 3.00
Wisniowe (P6) 25.00 0 0 0 0 80.50 50.50 6.00
Jablonelistnyj (P1) 30.50 0 0 0 0 91.50 26.00 1.50
Alpatieva (P1) 29.50 0 0 0 0 86.00 41.50 1.00
Bonny Best (P1) 33.50 0 0 0 0 106.00 24.00 4.00
Best of All (P1) 29.5 0 0 0 0 95.50 39.00 1.50
Carminviolett (P1) 28.00 0 0 0 0 83.00 40.00 3.50
BCP; Cross
(Jablonelistnyj x Red
Cherry) x Red Cherry 32.00 255.00 199.00 78.14 56.00 81.00 50.00 3.50
(A'pa“e\‘g:q;ama') X 2700 256.50 209.50 81.85 47.00 85.50 42.00 2.00
(Bonny Best x VFN 8-
97160) x VFN 8- 33.50 256.50 185.00 70.27 71.50 101.00 30.50 7.50
97160
(Best of All x West
Virginia Acc 700) x 30.00 261.50 203.00 77.60 58.50 89.50 49.00 3.00
West Virginia Acc 700
(Carminviolett x West
Virginia Acc 36) x 26.00 178.50 66.50 48.17 71.00 84.00 40.00 2.50
West Virginia Acc 36
(Alpatieva x
Wisniowe) x 26.50 238.00 198.50 83.87 39.50 88.00 49.00 1.00
Wisniowe
(Best of All x
Wisniowe) x 31.00 239.50 199.00 83.87 40.50 91.00 49.00 1.00
Wisniowe
(Alpatieva x West
Virginia Acc 36) x 27.00 137.5 85.00 47.14 93.50 82.50 49.50 2.50
West Virginia Acc 36
BCP, Cross
(Jablonelistnyj x Red
Cherry) x 29.5 265.00 206.00 78.27 59.00 76.00 54.50 2.00
Jablonelistnyj
(Alpatievax Yamal)x 5 5 175.00 135.00 77.00 40.00 82.00 4650 250
Alpatieva
(Bonny Best x VFN 8-
97160) x Bonny Best 31.50 217.50 124.00 57.56 93.50 95.00 45.50 2.50
(Best of All x West
Virginia Acc 700) x 29.00 204.5 156.50 76.00 48.00 89.50 49.00 2.00
Best of All
(Carminviolettx West ¢ 126.00 63.00 50.30 63.00 82.50 37.00 450

Virginia Acc 36) x
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Carminviolett

(Alpatieva x
Wisniowe) x 27.50 260.00 213.50 82.15 46.50 82.00 39.00 1.00
Alpatieva
(Best of All x
Wisniowe) x Best of 29.00 223.50 198.50 88.76 25.000 81.00 43.00 2.00
All
(Alpatieva x West
Virginia Acc 36) x 28.00 137.50 59.00 43.28 78.50 83.00 39.50 4.00
Alpatieva
Mean 28.83 127.11 92.63 41.61 34.48 85.53 42.98 2.63
SE+ 1.48 24.06 22.48 6.58 16.53 3.87 5.50 1.26
CcVv 5.12 18.93 24.27 15.81 47.95 452 12.80 47.95

DFL: Days to flowering, NPFL: number of pollinated flowers, NFRS: number of fruits set, PFRS: Percentage fruit set, NAFL: number of
aborted flowers, DM: Days to maturity, NSPFR: number of seeds per fruit and NFRWS: number of fruits without seeds.

Table 5. Genotypic correlations upper diagonal (Dry hot) and lower diagonal (Wet humid) of the dry and wet seasons of the year 2022 at
Bagauda, Kano

DFL NPFL NFRS PFRS NAFL DM NSPFR NFRWS
DFL -0.03 0.06 0.08 -0.13 0.88** -0.63 0.22
NPFL 0.18 0.97** 0.96** 0.95** -0.19 0.07 0.43*
NFRS 0.17 0.98** 0.99** 0.84** -0.20 0.12 0.37
PFRS 0.05 0.99** 0.97** 0.83** -0.14 0.06 0.35
NAFL 0.15 0.82** 0.71** 0.81** -0.16 0.002 0.47*
DM 0.78** 0.18 0.17 0.05 0.12 -0.65** 0.24
NSPFR -0.57** 0.38* 0.37 0.33 0.31 -0.73** -0.07
NFRWS 0.38* -0.03 -0.06 -0.05 0.08 0.25 -0.25

DFL: Days to flowering, NPFL: Number of pollinated flowers, NFRS: Number of fruits set, PFRS: Percentage fruit set, NAFL: Number of aborted
flowers, DM: Days to maturity, NSPFR: Number of seeds per fruit and NFRWS: Number of fruits without seeds.

Table 6. Phenotypic correlations upper diagonal (Dry hot) and lower diagonal (Wet) of dry and wet seasons of the year 2022 at Bagauda, Kano

DFL NPFL NFRS PFRS NAFL DM NSPFR NFRWS
DFL 0.03 0.06 0.11 -0.01 0.77** -0.66** 0.26
NPFL 0.11 0.97** 0.94** 0.95** -0.13 0.08 0.38
NFRS 0.16 0.98** 0.98** 0.84** -0.19 0.09 0.34
PFRS 0.07 0.97** 0.97** 0.79** -0.12 0.05 0.33
NAFL -0.06 0.80** 0.65** 0.74** -0.06 0.05 0.39
DM 0.65** 0.09 0.10 0.08 0.06 -0.68** 0.23
NSPFR -0.41* 0.29 0.30 0.30 0.17 -0.64** -0.07
NFRWS 0.17 -0.02 -0.08 -0.07 0.19 0.20 -0.25

DFL: Days to flowering, NPFL: Number of pollinated flowers, NFRS: Number of fruits set, PFRS: Percentage fruit set, NAFL: Number of aborted
flowers, DM: Days to maturity, NSPFR: Number of seeds per fruit and NFRWS: Number of fruits without seeds.
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Figure 2. Discriminating power vs. representativeness (a) and Ranking of the hot dry and wet humid environments (b) based on percentage fruit set of
F1 and BCP; crosses evaluated at Bagauda during the year 2022
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Figure 3. Discriminating power vs. representativeness (a) and Ranking
of the hot dry and wet humid environments (b) based on percentage fruit
set of F1 and BCP, crosses evaluated at Bagauda during the year 2022

3.4. GGE Biplot

The results of the GGE biplot show that the first two
principal components (PC1 and PC2) explained 100% of
the total variation of the standardized data for both
discriminativeness and representativeness and ranking
environments (Figure 2 and Figure 3). The results of the
GGE biplot for the hybrids and backcrosses also revealed
that wet humid was most discriminating and
representativeness having a longer vector, smaller angle
and closer to Average-Environment axis (AEA) compared
to dry hot environment (Figure 2 and Figure 3).

4. Discussion

The mean squares of the Analysis of variance of the
studied traits showed highly significant (P > 0.001)
differences among the tomato genotypes under dry hot and
wet humid conditions. The significance reveals the
presence of substantial and significant variability among

genotypes selected for the study which can be exploited
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through selection. Similar findings were reported by [19]
for days to flowering and percentage fruit set and [20] for
percentage fruit set, while [12] observed significant mean
squares for days to flowering among three sets of crosses
under ambient temperature of 27°C to 30°C and relative
humidity of 60 to 70%. [15] also observed significant
variation among tomato genotypes for percentage fruit set
and fruit number per plant under dry heat stress and humid
conditions. The genotypic coefficient of variation and
phenotypic coefficient of variation are crucial parameters
for studying the nature and magnitude of variability of
different traits, which are prerequisites for any crop
improvement. The higher genotypic variance than the
environmental variance for all traits across both conditions
reveals a minor influence of environmental factors and a
greater contribution of genetic variance to the total
variation. Therefore, the traits could be considered and
exploited for selection in earlier generations under both
conditions. Moreover, higher phenotypic coefficient of
variation values than the genotypic coefficient of variation
indicates a strong influence of environmental factors on
the expression of the traits under study. The results
confirmed the findings of [21] and [12]. The minimal
relative difference observed between PCV and GCV
values reveals least of the environmental factors affecting
the expression of these traits. Hence selection could be
applied in an early segregating population to improve the
traits. [12] reported minimum values of PCV and GCV for
day to flowering. Higher Broad sense heritability values
recorded for all traits across the dry hot and wet humid
conditions show that both conditions have less influence
on the expression of the traits, therefore the traits were
heritable and can be improved by simple selection under
dry hot and wet humid conditions. [22] observed a high
broad sense heritability for number of flowers, number of
fruits and percentage fruit set, while [20] observed high
broad sense heritability of percentage fruit set under high
temperature and relative humidity. [23] also reported
related results of higher genotypic variance, PCV and
broad sense heritability for number of fruits and
percentage fruit set under the daily temperature of 35.2°C
and relative humidity of 91%.

The results of the mean performance exhibited a wide
range of diversity among P;, P, F;, BCP; and BCP,
tomato genotypes for the studied traits under dry hot and
wet humid conditions. Significant variations observed for
most traits shows the feasibility of making crosses and
selection under both conditions. The number of seeds per
fruit and number of fruits without seeds were high and
low in wet humid conditions compared to dry hot
conditions because of relatively low day and night
temperatures and high relative humidity. The BCP; and
BCP; crosses in wet humid conditions flower earlier than
Fy crosses under dry hot conditions. [24] recorded
minimum days to flowering of BCP; and BCP, crosses
among three sets of crosses under average day and night
of 27.6 and 15.1°C, respectively. It was observed that
number of successful fruits set after pollination,
percentage fruits set were higher under wet humid
conditions compared to dry hot conditions due to the
relatively low day and night temperatures and high
relative humidity as indicated in Table 2. Similar findings
were reported by [25] for days to maturity, fruit set and
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number of fruits and [20] for percentage fruit set under
high temperature and relative humidity for F;, BCP; and
BCP, crosses. A higher number of aborted flowers
observed in F; crosses under dry hot was because of high
temperature and very low relative humidity. Backcrosses
under wet humid conditions recorded the highest and low
number of seeds per fruit and number of fruits without
seed, respectively. This was attributed to the low day and
night temperatures coupled with high relative humidity
recorded within the period of making the crosses
(September to October). [26] reported a minimum number
of aborted flowers among hybrids under relative humidity
of 75% with maximum and minimum temperatures of
28.6°C and 12.8°C, respectively.

Correlation provides information regarding associations
among various traits and allows the selection of genotypes
having desirable traits simultaneously [27,32]. Sufficient
knowledge about the magnitude and degree of association
between the number of pollinated flowers, fruit set,
percentage of fruit set, number of aborted flowers, number
of seeds per fruit, and number of fruits without seeds
would assist the breeder in the decision-making process
for the simultaneous improvement of more than one trait
when crossing tomatoes in a breeding program.
Significant positive phenotypic correlation between traits
shows that they can be predicted from each other, while
genotypic correlation provides a measure of genetic
association that will determine whether the relationship
will be passed on to the offspring or not. Results for
genotypic and phenotypic correlation coefficients revealed
that the estimates of genotypic correlations were higher
than their corresponding phenotypic correlations under hot
dry and wet humid, indicating strong genetic association
between the traits studied, while their phenotypic
expression was hindered by temperature and relative
humidity effects. These results corroborated with the
findings of [28] who observed higher genotypic
correlations than phenotypic correlations for days to
flowering, number of fruits per plant, and number of seeds
per fruit. The significant positive correlations observed
between number of pollinated flowers and these traits
indicate that number of fruit set and percentage fruit set
under both conditions will increase with an increase in
number of pollinated flowers. Furthermore, significant
positive associations recorded between number of
pollinated flowers and number of aborted flowers,
indicating that the greater number of flowers pollinated,
the number of abortions also increases. Therefore,
crossings should be carried out within 5 to 7 weeks for a
better fruit set. [29] reported a significant correlation
between fruit set, number of fruits per plant and number of
flowers per plant. The highly significant negative
correlation between days to maturity and number of seeds
per fruit indicates that as days to maturity increases the
number of seeds per fruit will be reduced under dry hot
conditions, as observed in Bonny Best and its crosses
during the conduct of the trials. [30] recorded highly
significant negative associations at genotypic and
phenotypic levels between days to maturity and number of
seeds per fruit.

Genotype and Genotype X environment biplot is a
powerful graphical display of GGE interaction which can
be used to identify the most performing environments and

the environment(s) that exhibit more information about
discrimination and selection among tomato hybrids and
backcrosses in the testing environmental conditions. The
first two principal components (PC1 and PC2) explained
100% of the total variation of the standardized data for
discriminativeness and representativeness and ranking
environments (Figure 2 and Figure 3), indicating the high
complexity of the relationships among the measured traits
under both dry hot and humid wet. The results of the GGE
biplot (Figure 2 and Figure 3) for the hybrids and
backcrosses revealed that wet humid conditions was most
discriminating and representativeness having a longer
vector, smaller angle and closer to Average-Environment
axis (AEA) compared to dry hot conditions, indicating wet
humid environment was an ideal condition for crossing
tomatoes for higher percentage fruit set and number of
seeds per fruit. [31] selected the best genotypes based on
discriminativeness and representativeness of the GGE
biplot for percentage fruit set among heat tolerant and heat
sensitive tomato genotypes under natural heat stress.

5. Conclusions and Recommendations

The results indicated the presence of adequate and
significant variability among the accessions, which could
be harnessed through selection under dry hot and wet
humid conditions. High heritability was observed for the
traits, showing a lesser influence of the environment on
their expression. The correlation results revealed that the
number of fruits set, percentage fruit set and number of
aborted flowers under dry hot and wet humid conditions
will increase with an increase in number of pollinated
flowers. The highly significant positive correlations
recorded between number of pollinated flowers and
number of aborted flowers, as the number of flowers
pollinated increased, the number of abortions also
increased. Therefore, crossings should be carried out
within 5 to 7 weeks for a better fruit set. It is
recommended that tomatoes should be crossed in wet
humid (September) conditions for a better number of fruits
set, maximum percentage fruits set, number of seeds per
fruit with a minimum number of aborted flowers and
number of fruits without seeds. However, early morning
pollination should be avoided under wet humid conditions
due to the flower's inability to release pollen because of
high humidity.
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