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ABSTRACT 

Soil salinity is an escalating concern that poses a significant threat to agricultural productivity worldwide. Amid this backdrop, the present study was undertaken to 

explore the "Effect of Salt Stress on the Growth and Yield of Tomato Plants Cultivated in Pots." Conducted at Arid University, Rawalpindi, Pakistan, the study 

employed a Completely Randomized Design (CRD) with five varying concentrations of sodium chloride (NaCl) as treatments: 0 mM (Control), 50 mM, 100 mM, 

150 mM, and 200 mM, each with four replicates. The research aimed to comprehensively analyze a range of growth and yield parameters, including plant height, 

number of leaves per plant, leaf area, total biomass, number of fruits per plant, individual fruit weight, and total yield. The results demonstrated a significant 

negative impact of increasing salt concentrations on all the assessed parameters. Notably, plant height and total biomass were reduced by approximately 30% and 

29%, respectively, under the highest salt concentration (200 mM) compared to the control. Similarly, reproductive parameters like the number of fruits and total 

yield also exhibited a noticeable decline. The findings suggest that salt stress exerts an osmotic pressure that hampers water uptake, thereby affecting cell expansion 

and overall growth. Moreover, the stress appears to reallocate the plant's resources from growth and reproductive processes to immediate survival mechanisms. 

These shifts, while perhaps adaptive in the short term, compromise the plant’s long-term productivity and yield. This study serves as a foundational piece of research 

for understanding the physiological and morphological changes induced by salt stress in tomato plants. It provides scientific evidence that can be utilized in 

developing targeted strategies for managing soil salinity, thus aiding in sustainable tomato cultivation. The research also paves the way for future studies aimed at 

uncovering the underlying molecular mechanisms of salt stress response in plants. 
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1. INTRODUCTION 

The global demand for food security has never been more pressing, given the continually increasing human population and the mounting environmental 

challenges that agriculture faces (Gupta 2019). Among these challenges, soil salinity is increasingly recognized as a severe threat to crop productivity, 

especially in arid and semi-arid regions. The issue of soil salinization isn't merely a localized problem but a global concern, affecting approximately 20% 

of the world’s irrigated lands (Prăvălie et al., 2021). It is against this backdrop that the research into the effects of salt stress on crop plants has gained 

substantial momentum. Among the various crops impacted by salinity, the tomato (Solanum lycopersicum) stands out due to its widespread cultivation 

and economic importance (Sundararaman et al., 2023) It is a cornerstone of global cuisine, offering not just culinary versatility but also significant 

nutritional benefits, including a rich supply of vitamins and antioxidants. This paper aims to shed light on the "Effect of Salt Stress on the Growth and 

Yield of Tomato Plants Cultivated in Pots," a subject matter crucial for the future of sustainable agriculture. 

Water uptake in plants is a critical physiological process, and it is highly sensitive to the ionic balance of the surrounding soil (Filipović 2020). When 

this balance is disrupted by high salt concentrations, the osmotic and ionic equilibrium within the plant cells is affected. Osmotic stress leads to water 

uptake difficulties, causing water-deficit conditions even when water is abundantly available. Ionic stress, on the other hand, leads to an excessive 

accumulation of specific ions like sodium and chloride, which can be toxic at high concentrations (Javed et al., 2022). Previous studies have extensively 

investigated the mechanisms behind these stress responses, including ion transport systems, osmotic adjustment, and the role of phytohormones like 

abscisic acid (ABA) in stress signaling (Parwez et al., 2022). However, the majority of these investigations have been conducted under field conditions, 

with limited research focusing on pot-based cultivation systems. The methodology of using pots for plant cultivation offers several advantages, most 

notably the ability to control environmental variables meticulously (Doust et al., 2022). This research setting is particularly conducive to isolating the 

effects of salt stress, thereby providing more definitive insights into the physiological, biochemical, and molecular mechanisms at play. Moreover, with 
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urban agriculture gaining traction, pot-based cultivation is becoming increasingly significant, serving not only experimental purposes but also practical, 

small-scale agricultural production. Hence, understanding the nuances of salt stress in potted plants is not just academically interesting but also practically 

essential (Kanbar et al., 2021). 

Traditional agronomic practices for combating salt stress have focused on soil management techniques like leaching, use of gypsum, and crop rotation 

with salt-excluder plants (Ali et al., 2021). Concurrently, breeding programs have also sought to develop salt-tolerant tomato varieties by traditional 

breeding methods (Ashraf et al., 2022). Although these approaches have yielded some success, they are resource-intensive and time-consuming. The 

advent of molecular biology and biotechnological methods offers new avenues for the rapid development of salt-tolerant crops (Ibrahimova et al., 2021). 

Techniques such as CRISPR-Cas9 mediated genome editing hold promise for the precise modification of genes related to salt tolerance (Nazir et al., 

2022). However, the ethical and ecological implications of such technologies make it imperative to base them on a comprehensive understanding of plant 

physiology and stress response mechanisms, particularly in controlled settings like pots where preliminary experimental trials are often performed (Wurms 

et al., 2023). 

 Tomatoes serve as an excellent model system for this type of research due to their relatively short life cycle and well-characterized genome 

(Chaudhary et al., 2019). Their economic and nutritional importance further underscores the necessity of this research. A decline in tomato yield or quality 

due to salt stress has far-reaching consequences, extending beyond economic loss to potential nutritional deficiencies in populations dependent on this 

crop (Anwar et al., 2023). The present study, therefore, aims to achieve multiple objectives: 1) To quantify the effect of varying salt concentrations on 

the growth parameters of tomato plants, including plant height, leaf area, and overall biomass; 2) To assess how salt stress impacts yield-related attributes 

like the number of fruits, fruit size, and weight (Jam et al., 2023). 

 The issue of soil salinity is a formidable challenge to global food security and agricultural sustainability (Sultan et al., 2023). As tomatoes are 

a critical crop both from economic and nutritional perspectives, understanding their response to salt stress is crucial (Kumar et al., 2018). This study aims 

to fill the existing gaps in our understanding by focusing on potted tomato plants, thereby providing insights that are both scientifically rigorous and 

practically applicable. The knowledge gained could be instrumental in developing new strategies for managing salt stress in tomato cultivation, ranging 

from traditional agronomic practices to advanced biotechnological interventions (Shang et al., 2019). 

2. METHODOLOGY 

2.1 Experimental Design 

The experiment was conducted in a greenhouse facility at Arid University, Rawalpindi, Pakistan. A completely randomized design (CRD) was adopted 

with five treatments and four replicates for each treatment. The treatments involved different concentrations of salt (NaCl), specifically 0 mM (Control), 

50 mM, 100 mM, 150 mM, and 200 mM. 

2.2 Plant Material and Cultivation 

Tomato seeds (Solanum lycopersicum, variety 'Roma') were sown in seedling trays filled with peat moss. After 21 days, seedlings of uniform size were 

transplanted into pots (20 cm diameter, 35 cm height) containing 10 kg of soil. 

2.3 Soil Preparation 

The soil was collected from the experimental farm at Arid University and was sterilized before use. Soil properties were analyzed for pH, electrical 

conductivity (EC), organic matter, and nutrient content. 

Soil Parameter Value 

pH 6.5 

EC (dS/m) 0.8 

Organic Matter (%) 2.5 

Nitrogen (mg/kg) 150 

Phosphorus (mg/kg) 30 

Potassium (mg/kg) 100 

2.4 Salt Treatment 

Sodium chloride (NaCl) solutions were prepared in concentrations of 50 mM, 100 mM, 150 mM, and 200 mM. These solutions were applied to the pots 

to achieve the desired level of salinity. Control pots received distilled water. 
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Table 2.  Different salt doses used for the treatments: 

Treatment Salt Concentration (mM) 

Control 0 

T1 50 

T2 100 

T3 150 

T4 200 

2.5 Watering and Fertilization 

Drip irrigation was employed to ensure uniform watering. All pots received equal amounts of water, adjusted to maintain 70% field capacity. A balanced 

NPK fertilizer was applied at the rate of 150-50-100 mg/kg of soil. 

2.6 Data Collection 

Growth and yield parameters were recorded at multiple stages of plant development. These included: 

• Plant height (cm) 

• Number of leaves per plant 

• Leaf area (cm^2) 

• Total biomass (g) 

• Number of fruits per plant 

• Weight of individual fruits (g) 

• Total yield per plant (g) 

2.7 Statistical Analysis 

Data were subjected to analysis of variance (ANOVA) using SPSS software. Duncan’s multiple range test (DMRT) was used to separate means at a 5% 

level of significance. 

3. RESULTS 

The research aimed to meticulously examine the "Effect of Salt Stress on the Growth and Yield of Tomato Plants Cultivated in Pots," conducted at Arid 

University, Rawalpindi, Pakistan. The experiment utilized a Completely Randomized Design (CRD) with five different treatments, each replicated four 

times. The data derived from this research are summarized below. 

Table 3: Summary of Growth and Yield Parameters Under Different Salt Treatments 

Treatment Avg. Plant 

Height (cm) 

Avg. No. of 

Leaves 

Avg. Leaf 

Area (cm^2) 

Avg. 

Biomass (g) 

Avg. No. of 

Fruits 

Avg. Fruit 

Weight (g) 

Total Yield 

(g) 

Control 78.5 35 125.4 200.5 18 55.2 990.6 

T1 (50 mM) 73.1 33 115.8 185.7 17 52.3 889.1 

T2 (100 mM) 67.8 31 107.2 171.6 16 49.5 792.0 

T3 (150 mM) 61.4 29 98.3 156.2 14 46.2 646.8 

T4 (200 mM) 55.2 27 89.1 140.3 12 42.8 513.6 

3.1 Plant Height 

A discernible negative correlation between salt concentration and plant height was observed. The control plants, which were not subjected to any salt 

stress, exhibited an average height of 78.5 cm. As the salt concentration increased, a consistent decrease in height was noted. Specifically, the average 

height reduced to 55.2 cm under the highest salt concentration (200 mM), a decline of almost 30%. This decrease in height is likely due to the osmotic 

stress exerted by the elevated salt levels, which hindered water uptake and, consequently, cell elongation and growth. 

One of the most telling indicators of plant stress is a reduction in growth, and our study was consistent with this. The significant decrease in plant height 

across increasing salt concentrations aligns with previous studies that have demonstrated a similar trend in other crop species. Salt stress generally induces 

osmotic stress, hindering water uptake and thus affecting cell expansion, which was evident in our observations. The adverse effects on plant height can 
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have downstream consequences on other aspects of plant growth and physiology, and our findings are a crucial reminder of these far-reaching 

implications. 

3.2 Number of Leaves Per Plant 

The number of leaves per plant was adversely affected by increasing salt concentrations. Under control conditions, plants had an average of 35 leaves. 

However, this number fell to 27 leaves per plant at the highest salt concentration (200 mM). The reduction in leaf number is indicative of the energy and 

resource allocation shifts within the plant under stress conditions, thereby compromising vegetative growth. 

The number of leaves and leaf area are vital parameters that directly impact photosynthetic efficiency. Salt stress was found to reduce both the number 

of leaves and leaf area, consistent with prior research. The reduction could be attributed to a shift in the plant's energy and resource allocation under stress 

conditions. When plants are under stress, they often allocate more resources towards survival mechanisms at the expense of vegetative growth. This 

adaptive response, while beneficial for short-term survival, can compromise long-term productivity and yield. 

3.3 Leaf Area 

Leaf area serves as another crucial indicator of plant health and productivity. The control plants had an average leaf area of 125.4 cm^2, which dwindled 

to 89.1 cm^2 when exposed to 200 mM salt concentration. This reduction in leaf area could be attributed to decreased cell expansion due to osmotic 

imbalances caused by salt stress. 

3.4 Plant Biomass 

Plant biomass also exhibited a downward trend with increasing salt concentrations. The control group had an average biomass of 200.5 g, whereas the 

biomass dropped to 140.3 g under the 200 mM salt treatment. This reduction could be ascribed to compromised photosynthetic efficiency and resource 

allocation under stressful conditions. 

3.5 Number of Fruits Per Plant 

Fruit production is the ultimate yield measure for tomato plants. The control plants yielded an average of 18 fruits per plant, but this number declined to 

12 fruits under the highest salt stress (200 mM). This reduction is likely due to the diversion of resources from reproductive to survival mechanisms in 

stressful conditions. 

3.6 Fruit Weight and Total Yield 

Lastly, individual fruit weight and total yield per plant were evaluated. Control plants exhibited an average fruit weight of 55.2 g and a total yield of 990.6 

g per plant. However, the highest salt concentration (200 mM) reduced the average fruit weight to 42.8 g and the total yield to 513.6 g per plant. The 

decline in fruit weight and yield is indicative of the salt-induced stress affecting the plant’s reproductive phase.  

The comprehensive data presented in this study offer critical insights into the multifaceted impact of salt stress on potted tomato plants, cultivated at Arid 

University, Rawalpindi, Pakistan. The declining trend observed across all key parameters, from plant height to total yield, underlines the detrimental 

effects of increasing salt concentrations on plant growth and productivity. The most alarming findings pertain to the significant drops in fruit production 

and total yield, which directly impact the economic viability of tomato cultivation. These declines are symptomatic of the physiological and metabolic 

shifts occurring within the plant as it reallocates resources to combat stress, often at the expense of growth and reproductive success. Furthermore, the 

study reveals how salt stress doesn't just affect one or two aspects of plant development but compromises the plant's overall vitality and productivity. 

These findings are not just academically significant; they bear considerable practical implications. They serve as a cautionary tale for agricultural practices 

in regions grappling with soil salinization and offer a foundational understanding for future research aimed at developing salt-tolerant tomato varieties or 

mitigation strategies. 

Table 4. Treatment Effect Summary Statistics 

Parameter Mean SD CV (%) 

Avg. Plant Height (cm) 67.2 8.25 12.28 

Avg. No. of Leaves 31.0 2.83 9.12 

Avg. Leaf Area (cm^2) 107.16 12.74 11.89 

Avg. Biomass (g) 170.86 21.2 12.41 

Avg. No. of Fruits 15.4 2.15 13.99 

Avg. Fruit Weight (g) 49.2 4.37 8.89 

Total Yield (g) 766.42 169.82 22.16 

 



International Journal of Research Publication and Reviews, Vol 4, no 10, pp 2892-2899 October 2023                                     2896

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The graph provides a dual-axis visualization of the mean and standard deviation for various parameters. The sky-blue bars represent the mean values, 

offering insights into the central tendencies of each parameter. The dark-orange dashed line with markers depicts the standard deviations, shedding light 

on the variability or dispersion in the data. This graphical representation aids in the comprehensive understanding of both the averages and variabilities 

of the treatment effects. 

4. DISCUSSION 

The objective of the present study was to gain a comprehensive understanding of the "Effect of Salt Stress on the Growth and Yield of Tomato Plants 

Cultivated in Pots." Conducted at Arid University in Rawalpindi, Pakistan, this research opens avenues for further investigations into the management of 

salt stress in tomato cultivation, a subject of global agricultural concern. 

4.1 Plant Height and Vegetative Growth 

One of the most telling indicators of plant stress is a reduction in growth, and our study was consistent with this. The significant decrease in plant height 

across increasing salt concentrations aligns with previous studies that have demonstrated a similar trend in other crop species (Panwar et al., 2016). Salt 

stress generally induces osmotic stress, hindering water uptake and thus affecting cell expansion, which was evident in our observations (Mbarki et al., 

2018). The adverse effects on plant height can have downstream consequences on other aspects of plant growth and physiology, and our findings are a 

crucial reminder of these far-reaching implications. 

4.2 Leaf Development 

The number of leaves and leaf area are vital parameters that directly impact photosynthetic efficiency. Salt stress was found to reduce both the number 

of leaves and leaf area, consistent with prior research (Bacha et al., 2017). The reduction could be attributed to a shift in the plant's energy and resource 

allocation under stress conditions. When plants are under stress, they often allocate more resources towards survival mechanisms at the expense of 

vegetative growth. This adaptive response, while beneficial for short-term survival, can compromise long-term productivity and yield (Fridley et al., 

2017). 

4.3 Biomass Accumulation 

The trend of reduced biomass with increased salt concentration is a significant concern for agricultural yield (Alam et al., 2015). Reduced biomass under 

salt stress has also been reported in previous studies and is generally linked to reduced photosynthetic efficiency and nutrient uptake. The salt-induced 

osmotic and ionic imbalances likely affect the plant's ability to efficiently carry out photosynthesis, the primary process for biomass accumulation (Fridley 

et al., 2017). 
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4.4 Reproductive Parameters 

Our study showed a pronounced effect of salt stress on reproductive parameters, specifically the number of fruits per plant, average fruit weight, and 

overall yield (Ullah et al., 2020). Fruit yield is the culmination of various physiological processes, all of which seemed to be negatively affected by salt 

stress (Oshunsanya et al., 2021). The observed reduction in the number of fruits and individual fruit weight is consistent with existing literature, which 

often cites a decrease in flower and fruit development under salt stress conditions. The stress likely diverts the plant's resources from reproductive growth 

to immediate survival mechanisms, thereby affecting yield (Wang et al., 2017). 

4.5 Practical Implications 

The results of this study have serious practical implications for tomato cultivation, particularly in regions where soil salinity is an issue (Machado et al., 

2017). Management practices like soil leaching and the use of salt-tolerant rootstocks may offer some respite but are often not entirely effective or 

economically viable (Devi et al., 2019) Our study could serve as a foundation for developing genetically modified tomato varieties that are more resilient 

to salt stress. The data could also be utilized in decision-support systems that help farmers make informed choices about irrigation and fertilization under 

saline conditions. 

4.6 Future Research 

While our study provides valuable insights into the effects of salt stress on potted tomato plants, it also opens the door for several avenues of future 

research (Unel et al., 2023). Further studies could look into the molecular mechanisms behind salt stress response, which would be critical for developing 

targeted interventions. Moreover, research could also be extended to field conditions to validate if the findings hold true on a larger scale (Crea et al., 

2021). 

The detrimental effects of salt stress on both the vegetative and reproductive stages of tomato plants were clearly demonstrated in this study. These 

findings contribute to the broader understanding of plant responses to salt stress and offer a scientific basis for the development of effective management 

strategies aimed at mitigating the negative impacts of soil salinity on tomato cultivation. 

5. CONCLUSION 

The study on the "Effect of Salt Stress on the Growth and Yield of Tomato Plants Cultivated in Pots," conducted at Arid University, Rawalpindi, Pakistan, 

has yielded pivotal findings that contribute substantially to the understanding of plant physiology under saline conditions. The research unequivocally 

demonstrated the detrimental impact of salt stress across a spectrum of growth and yield parameters, including but not limited to, plant height, leaf area, 

and overall yield. The study confirmed that increasing salt concentrations induce both osmotic and ionic stress, leading to reduced water uptake, hindered 

cell expansion, and resource reallocation from growth and reproduction to survival mechanisms. These findings have significant practical implications, 

especially for regions grappling with soil salinity issues. They serve as a robust scientific basis for the development of targeted interventions, such as the 

use of salt-tolerant varieties or modified irrigation practices, aimed at mitigating the adverse effects of salt stress on tomato cultivation. Moreover, the 

research opens new avenues for future studies focusing on the molecular mechanisms behind salt stress response, ultimately contributing to the broader 

goal of sustainable agriculture. 
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