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Growth, yield, and salt tolerance of tomato genotypes as influenced
by plant growth regulators under saline-sodic soil conditions

Emmanuel Abraham SHITTU*, B.M. AUWALU!, A.A. MANGA}, R.O. OJO!

Abstract

Salinity and sodicity are major constraints limiting tomato production in irrigated semi-arid regions
of Nigeria. A field experiment was conducted during the 2020 and 2021 dry seasons at the Kano River
Irrigation Scheme to evaluate the response of tomato genotypes to selected plant growth regulators
under saline-sodic soil conditions. The treatments consisted of four tomato genotypes (F1 Anaya, F1
Mona, F1 Thorgal, and Roma VF) and four plant growth regulator treatments (control, potassium
silicate at 16 g L, salicylic acid at 130 mg L, and tamarind extract at 8%) arranged in a split plot de-
sign with eight replications. Plant growth regulators were assigned to the main plots, while genotypes
were allocated to the subplots. Data were collected on growth and yield parameters and subjected to
analysis of variance using GenStat and SAS statistical packages. The results revealed significant varietal
differences in plant height, leaf area, marketable fruits, and fruit yield during both seasons. Salicylic
' De acid significantly improved fruit yield, producing the highest yields of 5057 and 14 607 kg ha™* during
partment of Agronomy, . .
Bayero University, Kano,  the 2020 and 2021 seasons, respectively. Among the genotypes, F1 Mona and F1 Thorgal exhibited
Nigeria superior growth and yield performance under saline-sodic conditions. Significant interaction effects
were observed between plant growth regulators and genotypes for marketable fruits, non-marketable
fruits, and fruit yield. F1 Thorgal combined with salicylic acid produced the highest fruit yield (17
542 kg ha') during the 2021 season. The study concluded that salicylic acid in combination with F1
Received 04/08/2026 Mona and F1 Thorgal can effectively enhance tomato productivity under saline-sodic conditions in
Accepted 08/09/2026 the Sudan Savanna of Nigeria.
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INTRODUCTION The problem of salinity is particularly pronounced in ir-
rigated areas of northern Nigeria such as the Kano River
Irrigation Scheme, where long-term irrigation practices
and fluctuating water quality have contributed to the
development of saline and sodic soils. Under such condi-
tions, tomato farmers experience declining productivity,
poor fruit quality, and reduced profitability. Despite the
increasing severity of salinity stress under climate change
and irrigation intensification, effective and economically
viable management strategies suitable forlocal production
systems remain inadequate. (Muhammad ef al., 2024).

Tomato (Solanum lycopersicum L.) is one of the most
economically important vegetable crops globally due to its
nutritional, industrial, and medicinal value. It constitutes
a major source of vitamins, minerals, antioxidants, and
bioactive compounds essential for human health and food
security (Kussmann, 2022; Kussmann et al., 2023). In Ni-
geria and many semi-arid regions of sub-Saharan Africa,
tomato production contributes significantly to household
income, employment generation, and rural livelihoods.
However, sustainable tomato production is increasingly . .
threatened by soil salinity and sodicity, particularly in ~Recent advances in plant stress physiology have shown
irrigated agroecosystems where poor-quality irrigation ~ that exogenous application of plant growth regulators
water, inadequate drainage, and continuous cultivation ~and biostimulants can alleviate the detrimental ef-

accelerate salt accumulation in the root zone. (Abbas and ~ fects of salinity stress in tomato. Compounds such as
Al-Naemi, 2026). salicylic acid, silicon-based products, melatonin, tannin

biostimulants, and other growth-promoting substances
have been reported to enhance osmotic adjustment, an-
tioxidant defense, ion homeostasis, chlorophyll stability,
and overall plant resilience under saline environments.
For instance, salicylic acid has been associated with
improved physiological performance and stress signal-
ing under saline conditions, while silicon compounds
enhance membrane stability and reduce sodium toxicity.
(Nikolaou et al., 2020; Masoumi et al., 2024) Likewise,
exogenous growth regulators have been shown to im-
prove plant height, leaf area development, chlorophyll
retention, and fruit yield under salinity stress conditions.
(Yildirim et al., 2024; Mir et al., 2025).

Salinity stress adversely affects tomato growth and
productivity by inducing osmotic imbalance, ion toxic-
ity, nutrient disorders, oxidative stress, and metabolic
dysfunction. Excessive accumulation of sodium (Na*)
and chloride (Cl) ions reduces water uptake, suppresses
photosynthesis, impairs enzymatic activities, and dis-
rupts membrane integrity, ultimately leading to reduced
vegetative growth, poor flowering, fruit abortion, and
significant yield losses (Rosca et al., 2023; Ntanasi et al.,
2023). Tomato is generally considered moderately sen-
sitive to salinity, although considerable variation exists
among genotypes regarding tolerance mechanisms and
adaptive responses. (Anand et al., 2026)
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Although several studies have investigated salinity man-
agement in tomato production, most existing research
has focused on controlled greenhouse conditions,
physiological responses at seedling stages, or the use
of single biostimulants under laboratory environments
(Argentel-Martinez et al., 2024; Abbas Al-Naemi, 2026).
Information on the combined performance of diverse
tomato genotypes and locally adaptable plant growth
regulators under field conditions in saline-sodic soils of
the Sudan Savanna region remains limited. Furthermore,
there is inadequate comparative information regarding
the effectiveness of natural extracts and synthetic growth
regulators in improving yield performance and identify-
ing salt-tolerant tomato genotypes suitable for irrigated
production systems in northern Nigeria.

Bridging this knowledge gap is essential for developing
practicaland climate-resilient tomato production strategies
capable of sustaining productivity under salt-affected soils.
Identification of tolerant genotypes combined with efficient
plant growth regulators could provide farmers with afford-
able and environmentally sustainable options for mitigat-
ing salinity stress, improving resource-use efficiency, and
enhancing tomato yield under irrigated conditions.

Therefore, this study was conducted to evaluate the
growth and yield performance of tomato genotypes as
influenced by plant growth regulators under saline-sodic
soil conditions at the Kano River Irrigation Scheme. Spe-
cifically, the study aimed to:

« Evaluate the growth and yield of tomato genotypes as
affected by plant growth regulators under saline and sodic
soil conditions; and

o Identify salt-tolerant tomato genotype(s) suitable for
cultivation in the study area.

MATERIALS AND METHODS

Experimental sites

Field experiments were conducted during the 2020 and
2021 dry seasons in the eastern and western sectors of the
Kano River Irrigation Scheme (KRIS), Kano State, Nigeria.
The study area is located between latitudes 11°45" N and
12°05" N and longitudes 08°45" E and 09°05" E, at an aver-
age elevation of 442 m above sea level and approximately
30 km southwest of Kano metropolis. The area lies within
the Sudan Savanna agro-ecological zone of Nigeria and
is characterized by a semi-arid climate with low annual
rainfall, high evapotranspiration, and irrigated dry-season
farming. The experiments were conducted on farmers’
fields, with each farmer representing a replication.

Treatments and experimental design

Theexperimentwaslaid outinasplit-plot design consisting
of sixteen (16) treatment combinations replicated eighteen
times. The treatments comprised four tomato genotypes,
namely F1 Anaya, F1 Mona, F1 Thorgal, and Roma VF
(local check), combined with four plant growth regulator
treatments: control (0), salicylic acid at 130 mg L, potas-
sium silicate at 16 g L', and tamarind extract at 8%. Plant
growth regulators were assigned to the main plots, while
tomato genotypes were allocated to the subplots.
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Soil sampling and analysis

Composite soil samples were collected randomly from
the experimental fields at a depth of 0-30 cm before
transplanting for routine physical and chemical analyses
using standard laboratory procedures. Soil parameters
determined included particle size distribution, soil pH,
electrical conductivity, organic carbon, total nitrogen,
available phosphorus, exchangeable bases, exchange-
able sodium percentage, sodium adsorption ratio, and
extractable micronutrients

Meteorological data

Meteorological data, including rainfall, minimum and
maximum temperature, relative humidity, wind speed,
and wind direction during the experimental period,
were obtained from the GIS Laboratory of the Centre for
Dryland Agriculture.

Plot size and layout

Each gross plot measured 3.0 m x 3.0 m (9.0 m?), while
the net plot size was 1.8 m x 1.8 m (3.24 m?). Alleys of 0.5
m and 1.0 m were maintained between plots and replica-
tions, respectively, to minimize treatment interference
and facilitate field operations.

Agronomic practices
Nursery practices

Tomato seedlings were first raised in a nursery before
transplanting to the field. The nursery bed was prepared
to a fine tilth to enhance seed germination and seed-
ling establishment. Seeds were sown using the drilling
method, and the nursery was kept free from weeds and
crop residues throughout the nursery period. Regular ir-
rigation and manual weeding were carried out to ensure
healthy seedling growth.

Land preparation

The experimental fields were cleared, ploughed, and
harrowed before layout. Experimental plots were demar-
cated according to the design using measuring tape, pegs,
ropes, and ranging poles.

Seed source, nursery raising, transplanting, and spacing

Seeds of the tomato genotypes used for the experiment
were obtained from TechniSeed, a commercial seed
company known for tropical vegetable seed production.
The seeds were sown in the nursery and raised for six
weeks, after which healthy and vigorous seedlings were
transplanted into the experimental plots at a spacing of
60 cm x 60 cm between and within rows, respectively.

Fertilizer application

Fertilizer was applied at the rate of 100 kg N, 30 kg P,Os,
and 30 kg K,O ha™'. Half of the nitrogen and the full doses
of phosphorus and potassium were applied during land
preparation using NPK (15:15:15) fertilizer. The remain-
ing nitrogen was supplied as top dressing at 3 weeks after
transplanting (WAT) using urea (46% N).

Irrigation

All experimental plots were irrigated at four-day intervals
throughout the experimental period to maintain adequate
soil moisture for optimum crop growth and development.
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Weed control

The experimental fields were maintained weed-free
through manual weeding at 2 and 5 WAT.

Pest and disease control

Grasshopper infestation caused by Zonocerus variegatus
was observed shortly after transplanting. The infestation
was controlled using Liptol insecticide applied at the
manufacturer’s recommended rate on four occasions

during the cropping period.
Preparation and application of plant growth regulators

Salicylic acid solution was prepared by dissolving 130 mg
L in 100 ml of distilled water. Potassium silicate solu-
tion was prepared at 16 g L' concentration. Tamarind
extract at 8% concentration was prepared by crushing
5 kg of tamarind leaves and shoots in 2 litres of water
using mortar and pestle, followed by filtration to obtain
the stock solution. Thereafter, 320 ml of the extract was
diluted in 1 litre of water to obtain the required treatment
concentration. The plant growth regulator treatments
were applied foliarly using a knapsack sprayer at 3 WAT
before the commencement of flowering.

Harvesting

Harvesting was carried out manually by hand picking mature
fruits at three-day intervals during the early harvest period
and subsequently at two-day intervals during peak harvest.
Harvested fruits from the net plot area were sorted into
marketable and non-marketable categories before weighing.

Data collection

Data were collected on growth, flowering, and yield pa-
rameters throughout the cropping period. The parameters
assessed included plantheight (cm),leafarea (cm?), daysto
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50% flowering, number of marketable fruits plant™, num-
ber of non-marketable fruits plant™, and fresh fruit yield
(tha™). All measurements and observations were carried
out using standard agronomic procedures.

Data analysis

All data collected were subjected to analysis of variance
(ANOVA) using GenStat 17th Edition and SAS statisti-
cal software packages. Treatment means were separated
using Student-Newman-Keuls (SNK) test at 5% level
of probability. Correlation analysis was also conducted
to determine the relationships among growth, yield,
and yield-related characters following the procedure
described by Steel and Torrie (1981).

RESULTS AND DISCUSSION

Meteorological conditions of the experimental site

The meteorological data obtained during the 2020 and
2021 dry seasons at the Kano River Irrigation Scheme
(Figure 1) revealed considerable variations in tempera-
ture, relative humidity, solar radiation, and wind charac-
teristics across the cropping periods, which could have
influenced the growth and yield performance of tomato
genotypes under saline-sodic soil conditions.

During the 2020 dry season, solar radiation increased
progressively from 210 Wm™ in February to 340 Wm
in June, indicating increasing solar intensity toward the
late dry season. Maximum temperature also increased
from 30.3°C in February to a peak of 41.0°C in April
before declining slightly to 36.2°C in June. Similarly,
minimum temperature rose from 13.8°C in February
to 24.5°C in May, suggesting a gradual transition from
cool dry-season conditions to warmer and more humid

Meteorological Data for KRIS During 2020 and 2021 Dry Seasons
KRIS 2020 (February - June)
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Figure 1: Meteorological Data for KRIS During 2020 and 2021 Dry Seasons
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conditions. Relative humidity values were generally low
during the early months of the season, particularly in
March where minimum relative humidity was as low
as 9.51%, but increased substantially from May to June,
reaching 83.6% in June. Wind speed also increased from
0.33 to 3.48 m s during the same period.

The high temperatures, intense solar radiation, and low
relative humidity observed during the early part of the
2020 season could have increased evapotranspiration and
intensified salinity stress through enhanced salt accumula-
tion around the root zone. Similar findings were reported
by Abbas and Al-Naemi (2026), who observed that high
evaporative demand under semi-arid conditions acceler-
ated salt concentration in irrigated tomato fields. Likewise,
Kumari et al. (2023) reported that elevated temperatures
and moisture stress disrupt physiological processes and
aggravate osmotic stress in tomato under saline environ-
ments. The gradual increase in relative humidity and slight
reduction in temperature toward June may have created
relatively favorable conditions for vegetative growth and
fruit development. This observation aligns with the find-
ings of Gedeon et al. (2022), who reported improved toma-
to growth and stress adaptation under moderate humidity
conditions due to enhanced physiological efficiency.

In the 2021 dry season, maximum temperature ranged
from 31.5°C in January to 36.5°C in March, while mini-
mum temperature increased from 12.4°C to 19.6°C over
the same period. Relative humidity remained relatively
low, ranging from 27.9 to 34.7%, which is typical of the
Sudan Savanna dry season. Wind speed remained fairly
stable, varying from 2.2 to 2.4 ms'. The relatively high tem-
peratures and low humidity during the season may have
promoted rapid evapotranspiration and moisture deple-
tion, thereby aggravating salinity effects on tomato plants.
Similar observations were made by Masoumi ef al. (2024),
who reported that high temperature and low atmospheric
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humidity increased oxidative stress and reduced water-use
efficiency in tomato grown under saline conditions.

Overall, the meteorological conditions during both sea-
sons reflected the typical semi-arid environment of the
Sudan Savanna region, characterized by high temperature,
intense solar radiation, low humidity, and moderate wind
movement during the dry season. These environmental
conditions likely increased salinity stress intensity at the
experimental sites and provided suitable conditions for
evaluating the effectiveness of plant growth regulators and
tomato genotypes under saline-sodic soils. Similar envi-
ronmental conditions were reported by Elhag et al. (2023)
inirrigated semi-arid regions, where high temperature and
evaporative demand were identified as major contributors
to salt accumulation and reduced crop productivity.

Soil physical and chemical properties

The physical and chemical properties of the soils at the
experimental sites during the 2020 and 2021 dry seasons
at the Kano River Irrigation Scheme (Table 1 and 2) in-
dicated considerable variability among sampling points,
reflecting the heterogeneous nature of irrigated soils in
the Sudan Savanna agro-ecological zone.

The particle size distribution showed that sand was the
dominant soil fraction in both seasons, ranging from 625
-772 gkg ' in 2020 and 528 -750 gkg* in 2021, indicating
that the soils were predominantly sandy loam to sandy
clay loam in texture. The dominance of sand suggests
low water- and nutrient-holding capacity, which is char-
acteristic of most Sudan Savanna soils. Similar findings
were reported by Sanda and Ismail. (2022) and Temgu
and Solomon (2025), who observed that irrigated soils
in northern Nigeria are predominantly sandy with poor
nutrient retention capacity due to low clay content.

Soil pH ranged from 5.79-6.16 in 2020 and 5.63-6.89 in
2021, indicating slightly acidic to near-neutral soil condi-

Table 1: Physical and chemical properties of soil at the experimental sites during 2020 dry season at Kano river irrigation scheme

. . Sampling points
Soil Variables I ‘ 5 ‘ 3 ‘ 4 ‘ 5 ‘ 6 ‘ = ‘ 3
Physical properties (g kg')
Sand 693 625 708 687 719 772 743 771
Silt 221 305 187 210 123 154 175 137
Clay 86.5 69.5 105 103 158 74.7 81.8 92.4
Chemical properties
pH (1:1) 5.96 6.09 5.86 5.90 6.16 5.79 6.00 5.88
E.C (ps/cm) 114 90.7 79.9 82.2 55.1 116 92.6 99.3
Organic Carbon (g kg!) 5.6 6.6 5.1 5.2 7.6 4.3 4.6 4.7
Total Nitrogen (g kg!) 0.4 0.6 0.4 0.4 0.6 0.5 0.4 0.5
Available P (mg kg!) 3.94 2.37 3.38 2.72 4.74 6.49 5.49 5.53
Exchangeable bases (cmol kg!)
Ca* 1.82 1.77 1.73 1.84 2.41 2.05 2.19 2.30
Mg? 0.68 0.76 0.68 0.69 0.73 0.66 0.61 0.68
K* 0.18 0.19 0.18 0.18 0.37 0.16 0.19 0.13
Na* 0.07 0.06 0.06 0.07 0.07 0.11 0.1 0.09
EA 0.08 0.05 0.05 0.07 0.06 0.09 0.06 0.03
Exchangeable Na % 2.48 2.12 2.21 2.46 1.92 3.57 3.18 2.79
SAR 0.05 0.04 0.04 0.05 0.04 0.07 0.06 0.06
ECEC 2.82 2.83 2.71 2.85 3.64 3.08 3.14 3.23
Extractable Micronutrients (mg kg?)
Zn 25.9 28.2 24.6 24.0 10.2 26.4 19.5 23.5
Cu 2.01 2.03 2.03 2.49 4.31 2.37 2.44 2.86
Mn 52.6 43.1 42.7 55.0 17.1 25.3 24.7 25.2
Fe 210 267 214 240 217 132 144 174
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tions suitable for tomato production. These pH values favor
nutrient availability and root development in tomato. This
aligns with the findings of Abdulmuddallib et al. (2026),
who reported slightly acidic soils as common under ir-
rigated vegetable production systems in northern Nigeria.

Electrical conductivity (EC) values varied from 55.1-116
S cm™ in 2020 and 70.3-119 pS cm™ in 2021, suggesting
the presence of soluble salts within the soils. Although the
EC values were not excessively high, they indicate moder-
ate salinity influence associated with continuous irrigation
practices. Similar findings were reported by Mohanavelu
et al. (2021) and Jumaah (2025), who noted gradual salt
accumulation in irrigated semi-arid soils due to high
evapotranspiration and insufficient leaching.

Exchangeable sodium percentage (ESP) ranged from
1.92-3.57% in 2020 and 1.46-3.92% in 2021, while sodium
adsorption ratio (SAR) values remained relatively low
across the sampling points. The low SAR values suggest
that severe sodicity had not yet developed; however, the
presence of exchangeable sodium indicates the potential
risk of sodicity under prolonged irrigation. This observa-
tion agrees with El-Akhdar et al. (2025), who reported that
continuous irrigation in semi-arid environments often
leads to gradual sodium accumulation and deterioration
of soil structure over time.

Organic carbon values were generally low, ranging from
4.3-7.6 gkg" in 2020 and 2.79-8.29 g kg™ in 2021, while
total nitrogen contents were also low across the sampling
points. The low organic matter status could be attributed
to rapid mineralization under high temperatures and con-
tinuous cultivation. Similar findings were reported by
Yusuf et al. (2024), who observed low organic carbon and
nitrogen contents in irrigated soils of the savanna region
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of northern Nigeria due to intensive land use and limited
organic residue incorporation.

Available phosphorus values were low in both seasons,
ranging from 2.37-6.49 mgkg ' in 2020 and 1.68-8.47 mg
kg'in2021,indicating inadequate phosphorus supply for
optimum tomato production. This agrees with the find-
ings of Bebeley et al. (2024), who reported low available
phosphorus levels in most irrigated soils of northern Ni-
geria due to phosphorus fixation and low native fertility.

Exchangeable calcium was the dominant basic cation
across the sites, followed by magnesium and potassium.
However, potassium levels were relatively low in some
sampling points, which may negatively affect fruit for-
mation and yield because potassium plays a major role
in photosynthesis, osmotic regulation, and fruit quality
development in tomato plants.

The micronutrient analysis revealed relatively high iron
contents, while zinc, manganese, and copper varied
considerably across sampling points. The high iron con-
centration is typical of ferruginous tropical soils. How-
ever, the low zinc levels observed in some locations may
predispose tomato plants to micronutrient deficiency.
Similar observations were reported by Singh and Prasad.
(2022), who found variable micronutrient distribution in
irrigated Sudan Savanna soils due to differences in soil
texture and management history.

Overall, the soils of the experimental sites were character-
ized by sandy texture, low organic matter, low nutrient
status, and moderate salinity influence. These conditions
provided a suitable environment for evaluating the re-
sponse of tomato genotypes and plant growth regulators
under saline-sodic soil conditions.

Table 2: Physical and chemical properties of soil at the experimental sites during 2021 dry season at Kano river ir-

rigation scheme

. . Sampling points
Soil Variables 1 ‘ > ‘ 3 ‘ s ‘ p ‘ = ‘ 3 ‘ 9 10
Physical properties (g kg?)
Sand 682 528 694 586 560 750 714 719 592 611
Silt 134 378 207 260 331 167 160 155 315 308
Clay 184 934 98.5 153 108 83.1 126 126 92.8 80.4
Chemical properties
pH (1:1) 5.63 6.57 6.46 6.04 6.56 5.99 6.06 5.71 6.29 6.89
E.C (us/cm) 70.3 106 97.6 119 105 98.8 77.4 110 103 101
Organic Carbon (g kg!) 5.0 4.7 4.5 6.0 5.2 4.2 6.3 8.29 5.5 2.79
Total Nitrogen (g kg!) 0.5 0.7 0.5 0.7 0.7 0.3 0.5 0.7 0.6 0.7
Available P (mg kg!) 8.47 1.68 3.95 3.19 4.53 6.54 3.99 2.79 3.12 3.87
Exchangeable bases (cmol kg!)
Ca? 1.57 1.66 1.53 3.83 2.65 2.16 1.06 1.43 2.19 2.07
Mg 0.58 0.41 0.56 0.88 0.84 0.72 0.86 0.92 0.88 0.81
K* 0.16 0.16 0.23 0.14 0.27 0.18 0.19 0.19 0.17 0.27
Na* 0.06 0.09 0.08 0.07 0.08 0.10 0.086 0.08 0.08 0.09
EA 0.002 0.005 0.01 0.009 0.02 0.001 0.003 | 0.001 0.009 0.022
Exchangeable Na % 2.44 3.67 3.44 1.46 2.12 3.11 3.92 3.05 2.26 2.64
SAR 0.02 0.03 0.03 0.02 0.02 0.03 0.03 0.03 0.02 0.03
ECEC 2.37 2.32 2.41 4.92 3.86 3.15 2.19 2.62 3.31 3.26
Extractable micronutrients (mg kg')
Zn 0.93 22.1 25.1 24.6 21.3 11.1 9.60 13.5 23.2 25.2
Cu 2.83 1.06 1.02 2.53 1.40 2.11 3.60 4.40 1.61 1.57
Mn 14.7 23.3 42.4 334 14.5 33.9 28.3 25.3 32.6 214
Fe 165 233 223 172 260 167 172 236 236 223
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Plant height of tomato genotypes as influenced by
plant growth regulators

Plant height of tomato was significantly influenced by
plant growth regulators at 6 WAT during the 2020 dry
season and at 9 WAT during the 2021 dry season, while
varietal differences significantly affected plant height at
all sampling periods in both seasons (Table 3).

During the 2020 season, potassium silicate produced the
tallest plants at 6 WAT (34.7 cm), although no significant
differences were observed among the plant growth regulator
treatments at 9 WAT despite its numerical superiority. Simi-
larly, during the 2021 season, plant growth regulators had
no significant effect on plant height at 3 and 6 WAT, but at 9
WAT the control treatment produced taller plants (48.24 cm)
than potassium ssilicate, while salicylic acid and tamarind ex-
tract were statistically comparable. The improved vegetative
growth associated with potassium silicate may be attributed
to enhanced nutrient uptake, cell elongation, and reduced
salinity stress. Similar findings were reported by Masoumi et
al. (2024) and Gedeon et al. (2022), who observed improved
tomato growth and stress tolerance following the application
of silicon-based and growth-promoting substances under
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saline conditions. The variation in response across seasons
may be due to differences in environmental conditions such
as temperature and relative humidity, as similarly reported
by Abbas and Al-Naemi (2026).

Varietal differences significantly influenced plant height
during both seasons, with F1 Mona producing the tallest
plants throughout the 2020 season, while F1 Thorgal con-
sistently recorded superior plant height during the 2021
season across all sampling periods. The superior growth
performance of these genotypes suggests better adapt-
ability and tolerance to saline-sodic conditions through
improved physiological efficiency and stress resilience.
Similar findings were reported by Da Silva Oliveira et al.
(2022) and Takdcs et al. (2022), who observed that salt-
tolerant tomato genotypes maintained superior vegeta-
tive growth under saline conditions due to better osmotic
adjustment and ion regulation.

The interaction between plant growth regulators and
tomato genotypes was not significant in both seasons,
indicating that the genotypes responded similarly to the
applied plant growth regulator treatments across the
sampling periods.

Table 3: Plant height (cm) of tomato genotypes as influenced by plant growth regulators at 3, 6 and 9 WAT during
2020 and 2021 dry seasons at kano river irrigation scheme

T ¢ 2020 2021

reatmen 3WAT | 6WAT | 9 WAT 3WAT | 6WAT | 9 WAT
Plant growth regulators (PGS)
Control 15.6 31.9ab 47.6 27.0 35.1 48.2a
Potassium Silicate 16.6 34.7 a 50.3 26.9 32.8 41.2b
Salicylic acid 16.6 28.8b 44.7 27.0 33.2 43.4 ab
Tamarind Extract 15.0 29.2b 49.1 26.9 32.7 43.7 ab
p-value 0.6706 0.0295 0.093 0.9994 0.3947 0.0437
SE+ 1.13 1.50 1.62 1.00 1.14 1.73
Genotype (G)
F1 Anaya 15.8b 30.6b 47.2b 25.0b 30.0c 40.6 b
F1 Mona 194 a 36.4a 52.7a 26.3 ab 34.1b 42.1b
Roma VF 13.9b 289D 45.7b 27.3 ab 30.0c 42.7b
F1 Thorgal 14.7b 28.7b 46.1b 293 a 40.2a 51.0a
p-value 0.0046 0.0027 0.0121 0.0318 <.0001 0.0003
SE+ 1.13 1.50 1.62 1.00 1.14 1.73
Interaction
PGRx G | 07985 | 09222 | 06443 | 270 | 35.1 | 482

Means having the same letter(s) within the column did not differ significantly at 5% of probability using SNK.
Table 4: Leaf area (cm?) per leaf of tomato genotypes as influenced by plant growth regulators at 3, 6 and 9 WAT

during 2020 dry season at kano river irrigation scheme

Treatments ‘ 3 WAT ‘ 6 WAT ‘ 9 WAT
Plant growth regulators (PGR)

Control 9.1 13.1 17.7
Potassium silicate 8.5 12.3 16.8
Salicylic acid 9.5 12.9 17.9
Tamarind extract 10.1 13.6 19.2
p-value 0.2371 0.4582 0.1556
SE+ 0.59 0.48 0.75
Genotype (G)

F1 Anaya 9.6 a 13.0a 18.7 a
F1 mona 9.8a 13.7a 19.0 a
Roma VF 7.7b 10.8b 14.7b
F1 Thorgal 103 a 14.0a 193 a
p-value 0.0152 0.0017 0.0002
SE+ 0.59 0.48 0.75
Interaction

PGRx G \ 0.6249 \ 0.3312 0.2045

Means having the same letter within the column did not differ significantly at 5% of probability using SNK
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Leaf area of tomato genotypes as influenced by
plant growth regulators

Leaf area was not significantly influenced by plant growth
regulators at 3, 6, and 9 WAT during the 2020 dry sea-
son (Table 4). However, tamarind extract consistently
produced numerically higher leaf area values across the
sampling periods compared to the other treatments. The
improved leaf expansion observed with tamarind extract
may be associated with enhanced physiological activity
and better stress tolerance under saline conditions. Similar
findings were reported by Ntanasi et al. (2024), who ob-
served improved vegetative growth and leaf development
in tomato following application of plant-based biostimu-
lants under abiotic stress conditions.

Tomato genotypes significantly influenced leaf area at all
sampling periods. F1 Thorgal, F1 Mona, and F1 Anaya
produced significantly larger leaf areas compared to Roma
VF throughout the growth stages. At 9 WAT, F1 Thorgal
recorded the highest leaf area (19.3 cm?), while Roma VF
had the lowest value (14.7 cm?). The superior leaf area de-
velopment observed in the improved genotypes suggests
greater adaptability and better photosynthetic potential
under saline-sodic conditions. This aligns with the findings
of Rosca et al. (2023) and Ntanasi et al. (2023), who reported
that salt-tolerant tomato genotypes maintained larger leaf
area and better vegetative growth under salinity stress due
to improved osmotic adjustment and nutrient utilization.

The interaction between plant growth regulators and
tomato genotypes was not significant at all sampling
periods, indicating similar responses of the genotypes to
the applied treatments.

Days to 50% flowering, marketable fruits, non-mar-
ketable fruits, and fruit yield of tomato genotypes as
influenced by plant growth regulators

Table 5 presents the number of days to 50% flower-
ing, marketable fruits, non-marketable fruits, and fruit
yield of tomato genotypes as influenced by plant growth
regulators. Result show that plant growth regulators did
not significantly influence days to 50% flowering during
both seasons, although tamarind extract and potassium
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silicate slightly hastened flowering during the 2021
season. Similar observations were reported by Di Mola
et al. (2022), who found that biostimulants had limited
influence on flowering time of tomato under salinity
stress conditions.

Varietal effects on days to 50% flowering were not sig-
nificant during the 2020 season; however, significant
differences were observed in 2021, where F1 Thorgal
flowered earlier (32 days) than the other genotypes, while
Roma VF recorded the longest period to 50% flowering
(36 days). The early flowering observed in F1 Thorgal
may indicate better adaptation and stress tolerance
under saline-sodic conditions, enabling the genotype
to complete its reproductive phase more rapidly under
environmental stress. Similar findings were reported by
Sun et al. (2024), who observed that salt-tolerant tomato
genotypes attained earlier flowering under salinity stress
due to improved physiological adjustment and stress
adaptation mechanisms.

The number of marketable fruits plant™ was significantly
influenced by tomato genotypes in both seasons and by
plant growth regulators during the 2021 season. Among
the plant growth regulators, the control treatment pro-
duced the highest number of marketable fruits (96 fruits
plant™), followed closely by salicylic acid, while potas-
sium silicate recorded the lowest value. The superior
performance of the control treatment may be attributed
to the absence of possible physiological disturbances
associated with foliar applications under the prevailing
environmental conditions, which may have favored bet-
ter fruit retention and development. However, the com-
paratively higher values observed under salicylic acid
suggest its potential in improving stress tolerance and
assimilate partitioning under saline conditions.

Among the genotypes, F1 Anaya produced the highest
number of marketable fruits (27 fruits plant ') during the
2020 season, while F1 Anaya and Roma VF maintained
comparatively higher values during the 2021 season. The
superior marketable fruit production observed in these
genotypes may indicate better reproductive adaptation
and fruit retention ability under saline-sodic conditions.

Table 5: Days to 50% flowering of tomato genotypes as influenced by plant growth regulators during 2020 and

2021 dry seasons at kano river irrigation scheme

Days to Number of Marketable| Number of Non-Mar- Fruits Yield

Treatments 50% flowering Fruits Plant™ ketable Fruits Plant™! (tha?)
2020 | 2021 2020 [ 2021 2020 | 2021 2020 [ 2021

Plant growth regulators (PGR)
Control 35.0 36.0 19.0 96.0 a 8.0 18.0a 3.71¢ 13.2b
Potassium Silicate 38.0 34.0 21.0 65.0d 7.0 12.0b 4.40b 11.0c
Salicylic acid 35.0 35.0 22.0 91.0b 7.0 15.0 ab 5.06 a 14.6a
Tamarind Extract 36.0 33.0 21.0 84.0 ¢ 6.0 16.0a 3.29¢ 113 ¢
p-value 0.584 0.118 0.675 <.0001 0.746 0.0006 <.0001 <.0001
SE+ 1.61 0.92 1.62 1.50 1.71 1.00 0.171 0.310
Genotype (G)
F1 Anaya 37.0 35.0 ab 27.0a 88.0 a 8.0 21.0a 3.79b 13.3b
F1 Mona 36.0 35.0 ab 19.0b 79.0 b 8.0 16.0b 491 a 142 a
Roma VF 34.0 36.0 a 17.0b 85.0a 6.0 13.0c¢c 3.61b 991 ¢
F1 Thorgal 37.0 32.0b 21.0b 83.0ab 6.0 12.0 ¢ 4.15b 12.8b
p-value 0.697 0.038 0.0005 0.0009 0.555 <.0001 <.0001 <.0001
SE+ 1.60 0.90 1.62 1.50 1.71 1.00 0.171 0.310
Interaction
PGR x G 0.4657 0.5148  [0.1584 [<.0001  [0.5226  10.0039 0.0003 <.0001

Means having the same letter(s) within the column did not differ significantly at 5% of probability using SNK.
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Similar findings were reported by Yang et al. (2023) and
Wang et al. (2026), who observed significant improve-
ments in fruit set, marketable yield, and genotypic adapt-
ability of tomato under salinity stress conditions.

The number of non-marketable fruits plant” was not
significantly influenced by plant growth regulators and
tomato genotypes during the 2020 season. However,
significant differences were observed in the 2021 season
for both factors. Among the plant growth regulators, the
control treatment produced the highest number of non-
marketable fruits (18 fruits plant*), while potassium sili-
cate recorded the lowest value (12 fruits plant™) although
at par with other treatments. The reduced number of
non-marketable fruits under potassium silicate applica-
tion may be attributed to improved membrane stability
and reduced physiological disorders under salinity stress
conditions. Among the genotypes, F1 Anaya produced
the highest number of non-marketable fruits (21 fruits
plant™), whereas Roma VF and F1 Thorgal recorded
lower values. The lower incidence of non-marketable
fruits in these genotypes may indicate better fruit quality
maintenance and stress tolerance under saline-sodic con-
ditions. Similar findings were reported by He et al. (2025),
who observed that silicon application and varietal toler-
ance significantly reduced fruit defects and improved
fruit quality in tomato grown under saline environments.

Fruit yield was significantly influenced by both plant
growth regulators and tomato genotypes in both seasons.
Salicylic acid produced the highest fruit yield in 2020 (5.1
tha') and 2021 (14.6 tha!), while among the genotypes,
F1 Mona recorded the highest yields of 4.9 and 14.2 tha™*
during the 2020 and 2021 seasons, respectively. The supe-
rior yield obtained under salicylic acid treatment may be
due to enhanced physiological activities, improved nutri-
ent uptake, and better osmotic adjustment under saline
conditions. Similar findings were reported by Fozia et al.
(2024), who observed increased tomato yield following
salicylic acid application under salt stress. Likewise, the
superior performance of F1 Mona suggests better genetic
adaptability and tolerance to saline-sodic conditions.
This aligns with the findings of Zhang et al. (2024), who
reported significant genotypic differences in tomato yield
performance under salinity stress.

The interaction of plant growth regulators and tomato
genotypes was significant for marketable fruits, non-
marketable fruits, and fruit yield during the 2021 season,
indicating differential responses of the genotypes to the
applied treatments under varying environmental condi-
tions and are shown in Figures 2-4.

Interaction between plant growth regulators and
tomato genotypes yield and yield related traits

The interaction of plant growth regulators and tomato
genotypes significantly influenced the number of mar-
ketable fruits per plant during the 2021 dry season as
presented in Figure 2. Roma VF treated with the control
produced the highest number of marketable fruits (107
fruits plant™), which was statistically comparable with
F1 Thorgal treated with salicylic acid (102 fruits plant™)
and F1 Anaya treated with tamarind extract (100 fruits
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plant’) compared to F1 Thorgal combined with potas-
sium silicate that resulted in the lowest number of mar-
ketable fruits (50 fruits plant™).

The superior performance observed in some genotype—
treatment combinations may be attributed to improved
physiological adaptation and enhanced assimilate par-
titioning under saline conditions. Similar findings were
reported by Boussora et al. (2026), who observed significant
interaction effects between tomato genotypes and bios-
timulants on fruit retention and marketable yield under
salinity stress conditions.

Figure 3 on the other hand shows that the interaction
between plant growth regulators and tomato genotypes
significantly influenced the number of non-marketable
fruits during the 2021 dry season. F1 Anaya treated with
tamarind extract produced the highest number of non-
marketable fruits (24 fruits plant™), whereas F1 Thorgal
combined with potassium silicate recorded the lowest
value (8 fruits plant'). Roma VF treated with potassium
silicate and tamarind extract also produced relatively
fewer non-marketable fruits. The lower number of non-
marketable fruits observed under potassium silicate
application may be attributed to improved membrane
stability and enhanced stress tolerance, which minimized
fruit deformities and physiological disorders under saline
conditions. Similar findings were reported by Ferrandez-
Gomez et al. (2024), who observed that silicon applica-
tion reduced fruit damage and improved fruit quality in
tomato grown under saline environments.

The plant growth regulators x tomato genotypes interac-
tion significantly influenced fruit yield during both the
2020 and 2021 dry seasons as shown in Figure 4. Dur-
ing the 2020 season, F1 Mona treated with salicylic acid
produced the highest fruit yield (6.74 tha), while Roma
VF combined with tamarind extract recorded the lowest

== FlAnaya =mm Roma VF
W F1 Thorgal

. F1 Mona

Number of marketable fruits plant™*

Control Potassium Salicylic
Silicate acid

Plant growth regulators

Tamarind
Extract

Figure 2: Interaction of Plant growth regulators and Tomato
genotypes on Number of marketable fruits per plant during
2021 dry season at Kano River irrigation scheme.

=== F1Anaya
== F1 Mona

== Roma VF
mmm F1 Thorgal

Number of non-marketable fruits plant™

Control

Figure 3: Interaction of Plant growth regulators and Tomato
genotypes on Number of Non-marketable fruits plant’ during
2021 dry season at Kano River irrigation scheme
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yield (2.36 t ha!). In the 2021 season, F1 Thorgal treated
with salicylic acid produced the highest fruit yield (17.5
tha), followed closely by F1 Anaya treated with salicylic
acid (15.9tha') compared to Roma VF treated with tam-
arind extract that had the lowest fruit yield (8.50 t ha™*).

The superior performance of salicylic acid in combina-
tion with improved genotypes suggests enhanced salinity
tolerance through improved osmotic regulation, photo-
synthetic efficiency, and nutrient uptake. Similar find-
ings were reported by Nobrega et al. (2021) and Xu et al.
(2022), who observed significantincreases in tomato fruit
yield when salicylic acid was combined with salt-tolerant
genotypes under saline conditions. Likewise, Zuzunaga-
Rosas et al. (2023) reported that genotype x biostimulant
interactions significantly influenced tomato productivity
under abiotic stress environments.

= FiAnaya mem F1Mona

= RomaVF  mmm F1Thorgal

Fruit yield (t ha™3)

h reguiators

Figure 4: Interaction of Plant growth regulators and Tomato
genotypes on fruit yield (t ha') during 2020 and 2021 dry
seasons at Kano River irrigation scheme

CONCLUSION

The study revealed that tomato growth, yield, and yield
components under saline-sodic conditions at the Kano
River Irrigation Scheme were significantly influenced by
tomato genotypes and plant growth regulators. Salicylic
acid proved most effective in enhancing marketable fruit
production and fruit yield, while potassium silicate im-
proved vegetative growth and reduced non-marketable
fruits. Among the genotypes evaluated, F1 Mona and
F1 Thorgal exhibited superior adaptability and yield
performance under saline conditions. The interaction
results further showed that combining salicylic acid with
improved tomato genotypes, particularly F1 Mona and
F1 Thorgal, produced the best yield performance.

Therefore, salicylic acid in combination with F1 Mona
and F1 Thorgal should be recommended for tomato
production in saline-affected irrigated areas due to their
superior adaptability, enhanced growth performance,
higher marketable fruit production, and improved fruit
yield under saline-sodic conditions.
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