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ABSTRACT

Objective: To determine the post-harvest physiological behavior and quality changes of tomato fruit (Solanum
lycopersicum L..) grown under saline stress conditions.

Design/methodology/approach: Tomato fruit quality variables (firmness, total soluble solids, titratable
acidity and pH), along with respiration rate and weight loss were assessed at harvest and after seven days of
storage at room temperature. These parameters were compared between fruit grown under saline stress (250
mM sodium chloride) and non-stressed control fruit.

Results: Tomato fruit grown under saline stress exhibited higher (p<0.05) total soluble solids (6.92 +0.22 °Brix)
and titratable acidity (0.39%0.03%), compared to the control fruit. No significant differences were observed in
fruit firmness (13.01 N) or pH (5.86), at harvest time and after storage. The respiration rate decreased in both
groups, from 30.77 mL CO, kg_1 h™" at harvest time to 17.70 mL Co, kg_1 h™! after storage; however, weight
loss was not affected (11.50%).

Limitations on study/implications: Soil sampling in the production area, to measure the fruit quality and
its post-harvest physiological behavior are needed on a larger scale.

Findings/conclusions: Saline stress increases the total soluble solids and titratable acidity, but does not affect
the firmness, pH, weight loss and respiration rate of tomato fruit at harvest time and after storage at room
temperature.

Keywords: Respiration rate, room storage, sodium chloride, saline stress.

INTRODUCTION

In Mexico, the cultivation of tomato (Solanum lycopersicum L.) is carried out for both
domestic consumption and export, primarily to North American countries (Garcia-Estrada
et al., 2022). In 2023, more than 49,000 hectares in Mexico were dedicated to tomato
production at varying technological levels, yielding approximately 3.6 million tons and
generating an economic impact of around 36.5 billion pesos (SIAP, 2024). In this context,
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San Luis Potosi ranked as the second state with the highest economic benefits derived from
tomato cultivation (SIAP, 2024).

In arid and semi-arid regions, soils with high salinity levels are common (Bacha et al.,
2017), necessitating improvements in agricultural productivity (Wu et al., 2022). Under
these conditions, tomato cultivation is feasible despite it being a glycophyte (Hasegawa et
al., 2000); however, salinity can negatively impact its yield (Amador, 2022).

Various studies have shown that saline stress affects the physiology of tomato plants,
reducing vegetative growth rate, root development, the number of fruit per plant, and
consequently, yield (Singh et al., 2011; Amjad ez al., 2014; Zhang et al., 2016; Nacem ¢t al.,
2020; Aguis et al., 2022). It also induces other morphological and biochemical responses
(Raza et al., 2016; Bacha et al., 2017), which are closely linked to the genotype and
phenological stage of the plant (Alam et al., 2021). However, subjecting the crop to moderate
levels of water and saline stress can improve fruit quality (Ripoll ¢t al., 2016; Wang et al.,
2023), increasing the content of total soluble solids, titratable acidity, carotenoid levels, and
lycopene content (Goykovic and Saavedra, 2007). Nevertheless, studies on the postharvest
behavior of tomato fruit are scarce (Aguis et al., 2022).

In the Potosino-Zacatecano Highlands region, soils and water with high salinity levels
can be found, which may cause saline stress in tomato crops. Therefore, the objective
of this research was to determine the postharvest physiological behavior and quality of
tomato fruit (Solanum lycopersicum L.) produced under saline stress conditions.

MATERIALS AND METHODS
Study site and plant material

For this research, tomato fruit (Solanum lycopersicum L.) of the saladette type were used,
produced under saline stress conditions in a greenhouse at the Experimental Area of the
Coordinaciéon Académica Region Altiplano Oeste of the Universidad Auténoma de San
Luis Potosi, located in Salinas de Hidalgo, San Luis Potosi (22° 38 28.5” N, 101° 42
10.0” W).

Experimental design

The postharvest behavior of tomato fruit produced under saline stress conditions
was determined in comparison to a control. For this, 15 tomato plants were irrigated
with a solution of 250 mM sodium chloride (NaCl) every 72 hours for three weeks.
The experimental unit consisted of five fruit and three replications. Under a completely
randomized design with the following treatments: 1) Control at harvest, 2) Control after

storage, 3) Saline stress at harvest, and 4) Saline stress after storage.

Response variables

The following quality variables were evaluated: firmness (N), total soluble solids (T'SS)
(°Brix), pH, and titratable acidity (% citric acid), as well as physiological variables including
respiration rate (mL CO, kg™" h™") and weight loss (%). These variables were measured in
tomato fruit produced under saline stress and in control plants, both at harvest and after

seven days of storage at room temperature.
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Fruit firmness was measured using a GY-4 fruit penetrometer (Generic®, BW28)
with a 3 mm diameter cylindrical probe, taking two opposite readings in the equatorial
region (Al-Dairi e al., 2021). The total soluble solids content was measured using a digital
refractometer (Hanna®, HI96801, Japan). pH was measured with a digital potentiometer
(OAKTON, pH700), and the titratable acidity was determined by titration, expressed
based on citric acid (Flores et al., 2007).

The respiration rate was determined using a closed system according to Pérez-Lopez
et al. (2014). For this, the fruit were weighed on a balance (OHAUS Scout®, H-7294)
and placed inside a hermetic chamber of 3620 mL for 60 minutes. The change in
CO, concentration was measured with an infrared CO, logger (DATALogger, Extech
Instruments”, model CO21 0). The weight loss was determined according to the following

equation.
wl(%) =100* (wo - wl)*(wO )_1

where: wl is the weight loss (%); w), is the initial weight of the fruit (g), and w), is the final
weight of the fruit (g).

Data analysis

An analysis of variance and a mean comparison using the Tukey method (@¢=0.05) were
performed for the quality variables and respiration rate, and the assumptions of normality
(Shapiro-Wilk) and homogeneity of variance (Bartlett’s test) were verified. Weight loss was
compared using a t-test (@=0.05). The analysis was conducted in the R programming
language (R—project® 4.3.3) using the RStudio® 2023.12.1 interface.

RESULTS AND DISCUSSION

In the analysis of variance, the assumptions of normality (p>0.60) and homogeneity of
variance (p>0.15) were met. No significant difference (F=1.493, p=0.289) was found in
the fruit firmness between the two salinity levels, both at harvest (13.54 N on average) and
after storage (12.61 N on average) (Table 1). According to Wu ¢t al. (2022), salinity stress
conditions do not affect the firmness of these fruit. According to Nacem et al. (2020), fruit
firmness increases under salinity conditions between 60 and 90 mM of NaCl; however, this
behavior is related to the age of the plants (Botella et al., 2001), which could explain the
results of this study.

Table 1. Change in the quality variables of tomato fruit (Solanum lycopersicum L.) produced under different
saline stress conditions.

Saline stress Evaluation time | Firmness (N) | TSS (°Brix) pH Acidity (%)
Control Harvest 14.42+1.31° | 6.35%0.14" 6.20+1.02* | 0.30£0.04"
Control Storage 12.16+0.08" | 6.32£0.26™ | 5.59+0.71% | 0.34£0.04"

250 mM NaCl Harvest 12.66+1.31* | 6.95+0.21° 5.93%0.70* | 0.38%0.01"

250 mM NaCl Storage 13.06+2.04* | 6.89%0.28" 5.71£0.23% | 0.41£0.04"

* Means whith the same superscript whitin each column, have not significative difference (¢=0.05).
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The TSS content of the fruit showed a significant difference (F=6.598, p=0.015)
between salinity levels. Fruit produced under high salinity conditions exhibited higher
TSS content (6.94 °Brix). According to Wang et al. (2023), the increase in total soluble
solids content is related to the use of saline water for irrigation. Similarly, Wu and
Kubota (2008) state that T'SS is directly related to electrical conductivity; higher salinity
levels result in higher TSS, with values similar to those found in this study (5.20-6.20
°Brix). This behavior can be explained by the reduction in water content in the fruit
(Wu et al., 2022) and the accumulation of calcium, potassium, and chloride ions (Safdar
et al., 2019).

On the other hand, an increase (F=6.556, p=0.015) in titratable acidity was observed,
rising from 0.30% to 0.41% in fruit produced under saline stress (Table 1). This behavior
contrasts with the findings of Li et al. (2022), who report that saline stress reduces the
content of organic acids and vitamin C in tomato fruit. However, this change in acidity
percentage did not affect the pH (F=0.999, p=0.441). The fruit exhibited a reduction
in respiration rate (F=9.642, p=0.005), decreasing from 30.77 mL CO, kg™' h™! at
harvestto 17.70 mL. GO, kg_l h~ ' after storage. However, no significant differences were
found between fruit produced under saline stress (Table 2). After storage, no significant
difference in weight loss were observed (p>0.05), with an average loss of 11.51% (Table
2). This result is higher than that reported by Villarreal-Romero et al. (2002) for long
shelf-life tomatoes after 20 days of storage at 20 °C. The observed difference is attributed
to relative humidity conditions and the cultivars used.

Table 2. Changes in physiological variables of tomato fruit (Solanum lycopersicum L.) produced
under different saline stress conditions.

Saline stress Evaluation time (EES(P]i(;:tli:z lr :t_el) Weigth loss (%)
Control Harvest 31.00£1.73" —
Control Storage 18.42+5.89" 11.65+0.13"

250 mM NaCl Harvest 30.54%5.49" —

250 mM NaCl Storage 16.98+1.89" 11.38+3.39*

* Means whith the same superscript whitin each column, have not significative difference (¢=0.05).

Tomato fruit produced under saline stress conditions show improvements in certain
quality variables without affecting physiological processes such as respiration rate and
weight loss. This prolongs their shelf-life under ambient temperature conditions, potentially
increasing the commercialization period in local markets without the need for additional

preservation technologies.

CONCLUSIONS
Salt stress increases the total soluble solids content and acidity percentage but does
not affect firmness, pH, weight loss, or respiration rate in saladette tomato fruit (Solanum

lycopersicum L.) at harvest or after 7 days of storage at room temperature.
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