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Effect of Moisture Stress on Fruit Quality and Yield of Selected Tomato
 (Solanum lycopersicum L.) Cultivars 

Abstract - Tomato (Solanum lycopersicum (L.) H. Karst.) 
is one of the most nutritionally and economically important 
vegetable plant in the world and the good productivity of 
tomato requires availability of water throughout the cycle, 
as the tomato plant is very sensitive to soil water deficit. 
Therefore, an experiment was conducted at the Crop 
Farm of the Faculty of Agriculture, Eastern University, 
Sri Lanka to determine the  effect of moisture stress on 
fruit quality of selected tomato cultivars viz. ‘Roma’, 
‘Thilina’ and ‘KC1’ such as  the vitamin C, total soluble 
solids (TSS), acid contents and yield of tomato fruits during 
fruit ripening stage. The experiment was conducted in 
Randomized Complete Block Design with six treatments 
and four replications. Moisture stress was imposed for 
a period of six days for the treated plants during the 
flowering stage. The control plants were irrigated daily 
to the Field Capacity. The result showed that moisture 
stress reduced the vitamin C contents of fruits. The highest 
(18.2 mg/100 g) ascorbic acid content was obtained in cv. 
‘KC-1’ while the lowest (8.7 mg/100 g) was obtained in 
cv. ‘Roma’. The TSS and acid contents of the fruits were 
slightly affected by moisture stress when the stress was 
imposed during the flowering stage. The highest (6.7%) 
TSS content was recorded in cv. ‘Thilina’ while the lowest 
(1.8%) was observed on cv. ‘Roma’ and there were no 
significant differences between treatments in the acidity 
of ‘Roma’, ‘Thilina’ and ‘KC-1’ under stressed condition. 
Moisture stress significantly (p<0.05) reduced the yield of 
‘KC1’, ‘Roma’ and ‘Thilina’ tomato cultivars. The highest 
yield (5252 kg ha-1) was obtained in the ‘KC-1’ with low 
(14%) yield reduction and the lowest yield (4080 kg ha-1) 
was found in ‘Thilina’ with high (31%) yield reduction 
under moisture stress. Among the tested tomato cultivars, 
‘KC-1’ was identified as the most moisture stress tolerant 
and showed potential for cultivation in drought prone 
areas that focus on the production of higher yield with 
better fruit quality.
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I. INTRODUCTION
Tomatoes, which consume large quantities of water in semi-
arid climate conditions and are one of the most planted 
vegetables in Sri Lanka. The commercial value of the table 
tomato is defined by the characteristics and quality of the fruit 
[1]. Soil moisture stress is common threat in the production 
of most crops and it has a substantial negative impact on 
the growth and development [2]. Therefore, water scarcity is 

one of the most widespread limitations to crop production. 
Plants respond to soil water-deficit conditions by disrupting 
cellular pathways or whole plant functions [3]. Water deficit 
affects every aspect of plant growth, including anatomy, 
morphology and biochemistry [4]. and will mostly reduce the 
crop production. Crop growth is frequently subjected to water 
stress during the course of its life time. Stress imposed during 
these periods drastically affects crop growth, ultimately leading 
to a massive loss in yield and quality [5]. Fruit quality, mainly 
total soluble solids, vitamin C, acid contents and yield are 
changed by moisture stress [6]. Soil moisture stress can affect 
plant growth, development and yield. Water deficit leads to 
the perturbation of most of the physiological and biochemical 
processes and consequently reduces plant growth and yield 
[7]. Abscission of reproductive organs like flower buds and 
flowers is a major yield limiting factor in vegetable crops [8]. 
The major constrain in expand tomato cultivation in the dry 
zone of Sri Lanka is the different patterns of environmental 
stresses such as drought and high temperature. These stresses 
constitute some of the most serious limitations to tomato 
growth, productivity and distribution. For high yield and 
good quality, the tomato needs a controlled supply of water 
throughout the growing period [9]. Therefore, efficient water 
management in relation to critical periods of stress is essential 
to optimize yield with available moisture. Present study was 
conducted with the objectives of determining the changes in 
the internal fruit quality of tomato with moisture stress and 
find out the effect of moisture stress on yield of tomato to 
determining the most suitable tomato cultivar which can be 
grown under the moisture stressed condition. 

II. MATERIALS AND METHODS 
1. Location 
This experiment was conducted in the Crop Farm of the 
Eastern University, Sri Lanka which is situated at 100 m 
above the mean sea level to study the effect of effect of 
moisture stress on fruit quality and yield of selected tomato 
(Solanum lycopersicum L.) cultivars. Tomato cvs. ‘Roma’, 
‘Thilina’ and ‘KC-1’ were used for this study. 

2. Seedling Planting
The 10 g of selected tomato seeds were treated with ‘Captan’ 
solution (2g l-1). The seedlings were managed in the nursery 
beds according to the recommended practices of the Department 
of Agriculture [10]. The 28 days old vigorous and uniform 
seedlings were selected and transplanted on the main field 
at a spacing of 80 cm x 50 cm [10]. The experiment was laid 
out in Randomized Complete Block Design (RCBD) with 
five treatments and four replicates.
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 3. Treatments 
The treatments were as follows: 
T1 - Regular watering – Cv. ‘Roma’ cultivar of tomato. 
T2 - Moisture stress – Cv. ‘Roma’ for 6 days. 
T3 - Regular watering – Cv. ‘Thilina’ cultivar of tomato. 
T4 - Moisture stress – Cv. ‘Thilina’ for 6 days 
T5 - Regular watering – Cv. ‘KC-1’ 
T6 - Moisture stress – Cv. ‘KC-1’ for 6 days 

The stress cycle was single in which water was withheld 
completely at once for a period of six days during the 
flowering stage. 

4. Data Collection and Analysis
Five fruits were randomly plucked from each replicate of all 
the treatments during the fruit ripening stage. These fruits 
were blended by a blender and the juice was extracted. The 
fruits were collected on the 5th day from the commencement 
of the stress and were analysed for vitamin C, TSS and acid 
content by using standard methods of analysis [11]. For the 
yield, fruits were weighed and the yield was determined. 
The collected data were analysed statistically by using the 
analysis of variance (ANOVA) and the differences between 
treatments were compared by Duncan’s multiple range test 
(DMRT).

III. RESULTS AND DISCUSSION 
Drought provokes a number of physiological changes in 
plants including oxidative damage. Ascorbic acid, also 
known as vitamin C, is one of the most abundant water-
soluble antioxidant compound present in plant tissues. In 
the current work, the effects of water deficit on the stability 
of ascorbic acid by measuring its content, in one of the 
major vegetable crops, tomato (Solanum lycopersicum L.) 
was detected.  In human health the vitamin C plays a major 
role as an antioxidant and necessary for collagen synthesis.

Effect of Moisture Stress on Ascorbic acid content (Vitamin 
C) of selected Tomato Cultivars

There were significant differences between treatments in 
the ascorbic content of ‘Roma’, ‘Thilina’ and ‘KC-1’ under 
the stressed condition (Table 1). It was also found that there 
was no interaction between cultivars and stress factors on 
ascorbic acid (vitamin C) content of fruits in all three cultivars 
during the flowering stage. The moisture stress decreased 
the vitamin C content of fruits when the stress was imposed 
during the flowering stage. The highest (18.2 mg/100g) 
ascorbic acid content was obtained in cv. ‘KC-1’ while the 
lowest (8.7 mg/100g) was obtained in cv. ‘Roma’ and the 
reductions in ascorbic acid content in cv ‘Roma’, ‘Thilina’, 
and ‘KC-1’were 52%, 31%,14% respectively. 

TABLe 1
Effect of Soil Moisture Stress on the Ascorbic Acid Content 
of Tomato Cultivars During the flowering stage

*Values in the same column followed by the same letter do 
not differ significantly (p<0.05)
*Values are the means of 20 plants in 4 replications.

According to [12], that moisture stress reduced the vitamin 
C content of chilli fruits. As illustrated by[13], that deficit 
irrigation has been found to cause a significant decrease 
in vitamin C content. As the route for vitamin C synthesis 
commences from D-glucose [14], the reduction in vitamin C 
content might be attributed to the reduction in the D-glucose 
synthesis level, which would have occurred during the period 
of stress, which in turn may have reduced the synthesis of 
vitamin C. This is maybe because moisture stress could have 
reduced the substrate concentration for vitamin C synthesis.

Effect of moisture stress on Total Soluble Solids of selected 
Tomato Cultivars
Moisture stress increased the total soluble solid content of 
fruits when the stress was imposed during the flowering stage. 
It was found that there were significant differences between 
treatments in the Total Soluble Solids of ‘Roma’, ‘Thilina’ 
and ‘KC-1’ during the flowering stage of the plants (Table 2). 
There was also no-interaction between cultivars and stress 
factors. The highest (6.7%) TSS content was recorded in 
cv. ‘Thilina’ while the lowest (1.8%) was observed on cv. 
‘Roma’ under stressed condition during the flowering stage. 

TABLe 2
The effects of soil moisture stress on the total soluble solids 
of tomato cultivars during the flowering stage 

        

Treatments Ascorbic Acid
(mg/100g)

T1 - Regular watering – Cv. ‘Roma’ 18.3b

T3 - Regular watering – Cv. ‘Thilina’ 16.2b

T5 - Regular watering – Cv. ` KC1’ 21.3a

T2 - Moisture stress – Cv. ‘Roma’ 8.7c

T4 - Moisture stress – Cv. ‘Thilina’ 11.1b

T6 - Moisture stress – Cv. ` KC1’ 18.2a

S (Stress) P = 0.0031

V (Variety) P = 0.7563

S x V (Interaction) P = 0.9367

          Treatments Total Soluble Solids 
(°Brix)

T1 - Regular watering – Cv. ‘Roma’ 4.1a

T3 - Regular watering – Cv. ‘Thilina’ 3.4b

T5 - Regular watering – Cv. ` KC1’ 3.4b

T2 - Moisture stress – Cv. ‘Roma’ 4.2b

T4 - Moisture stress – Cv. ‘Thilina’ 3.6c

T6 - Moisture stress – Cv. ` KC1’ 4.9a

S (Stress) P = 0.0447

V (Variety) P = 0.0001

S x V (Interaction) P = 0.5713
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*Values in the same column followed by the same letter do 
not differ significantly (p<0.05)
*Values are the means of 20 plants in 4 replications.

Plants respond to water-deficit conditions by disrupting 
cellular pathways or whole plant functions [15]. Environmental 
stresses affect both tomato physiology and the synthesis of 
secondary metabolites such as phenolic acids, flavonoids, and 
terpenoids [16]. However, water-deficit may benefit tomato 
fruit quality due to the increased levels of total soluble solids 
(sugars, amino acids, and organic acids) which are major 
compounds which accumulate in the fruit [17]. A rise of soluble 
solids increases the value of the fresh fruits and improves 
the quality of the fruits because it affects the flavour, taste, 
and water content of the fruits. In addition, plants growing 
under stress conditions react by increasing their antioxidant 
production from both non-enzymatic systems (e.g., flavonoids, 
phenolic compounds, vitamins C and E, and carotenoids) and 
enzymatic systems (e.g., superoxide dismutase, glutathione 
reductase, catalase, and several peroxidases) [18].
Effect of moisture stress on Acidity of selected Tomato Cultivars

It was found that there were no significant differences between 
treatments in the acidity of ‘Roma’, ‘Thilina’and ‘KC-1’ 
when the stress was imposed during the flowering stage of 
the plants (Table: 3). It was also found that there was no-
interaction between cultivar and stress factors in the case of 
acidity. According [19], the effect of moisture stress condition 
on the growing tomato fruits had no significant effect on 
their dry matter and pH and similar result was found by [20].

TABLe 3
Effect of soil moisture stress on acidity of tomato cultivars 
during the flowering stage

*Values in the same column followed by the same letter do 
not differ significantly (p<0.05)
*Values are the means of 20 plants in 4 replications.

In tomato fruits, organic acids with sugar make a major 
contribution to the taste of the fruits. Most variation in flavour 
can be related to differences in the sugar and acid contents of 
the fruits [21] observed that acid concentration was unaffected 
by water stress in matured Valencia orange. Variation in 
acid content has a much dramatic effect on flavour than the 
limited variation in sugar content that exists among most 

cultivars. As stated by [22] that the acid content of the fruit 
is very highly correlated with the total flavour of the fruit. 

Effect of Moisture Stress on Yield of selected Tomato Cultivars
It was found that there were significant differences between 
treatments in the yield of fruits of ‘Roma’, ‘Thilina’ and 
‘KC-1’ tomato cultivars under the stressed conditions (Table 
4). Moisture stress significantly reduced the yield of all the 
selected tomato cultivars.  The highest (5252 kg ha-1) yield 
was observed in ‘KC-1’ while the lowest (4080 kg ha-1) yield 
was recorded in cv. ‘Thilina’. The reduction was highest in 
‘Thilina’ (31.7%). The Roma cultivar showed the next yield 
reduction (21.9%). The ‘KC-1’ cultivar also showed lower 
yield reduction of 14% compared to the control treatment. 
However the reduction was non-significant (p>0.05). As 
reported by [23], revealed that fruit yield was decreased with 
increasing water stress. Similarly, the research carried out 
by [24] reported that low stress levels resulted in maximum 
yields, while high stress resulted in the lowest yields thus 
the fruit yield is the result of the expression and association 
of several plant growth components. The deficiency of water 
leads to severe decline in yield traits of crop plants probably 
by disrupting leaf gas exchange properties which not only 
limits the size of the source and sink tissues but the phloem 
loading, assimilate translocation and dry matter portioning 
are also impaired [25].

TABLe 4
Effect of soil moisture stress on the yield of tomato cultivars 
during the flowering stage

*Values in the same column followed by the same letter do 
not differ significantly (p<0.05)
*Values are the means of 20 plants in 4 replications.

It was found that there was an interaction between cultivars 
and stress effects. These results can be elucidated in some 
previous studies that moisture stress caused reduction in 
many crops yields depending on both intensity and duration 
of stress period, type of species and type of cultivar of the 
same species [12]. Similar results had also been reported by [23] 
who recorded a substantial decrease in yield of four tomato 
varieties under different levels of moisture stress. The highest 
reduction in yield of tomato when the plants experienced 
moisture stress during the flowering stage indicates that the 
flowering stage is the most critical stage of tomato compared 

Treatments
        Acidity

  (% Citric acid)

T1 - Regular watering – Cv. ‘Roma’ 0.56a

T3 - Regular watering – Cv. ‘Thilina’ 0.56a

T5 - Regular watering – Cv. ‘KC-1’ 0.50a

T2 - Moisture stress – Cv. ‘Roma’ 0.56a

T4 - Moisture stress – Cv. ‘Thilina’ 0.53a

T6 - Moisture stress – Cv. ‘KC-1’ 0.55a

S (Stress) P = 0.7119

V (Variety) P = 0.6210

S x V (Interaction) P = 0.4455

Treatments        Yield (kg/ha)

T1 - Regular watering – Cv. ‘Roma’ 5708b

T3 - Regular watering – Cv. ‘Thilina’ 5972ab

T5 - Regular watering – Cv. ‘KC-1’ 6104a

T2 - Moisture stress – Cv. ‘Roma’ 4458b

T4 - Moisture stress – Cv. ‘Thilina’ 4080c

T6 - Moisture stress – Cv. ‘KC-1’ 5252a

S (Stress) P < 0.0001

V (Variety) P < 0.0001

S x V (Interaction) P = 0.0005
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to the other growth stages. As reported by [26] that soil water 
stress during the flowering stage reduced the weight of green 
bean pods by 71 % while a similar stress before flowering 
reduced the yield by 53% and after flowering by 35%.  

IV. CONCLUSIONS
This experiment revealed to what extent the biochemical 
parameters and the yield were affected when the tomato 
plants were subjected to moisture stress during the flowering 
stage. As the parameter which was selected to determine the 
responses were good stress indicator such as Total Soluble 
Solids, Acidity and Vitamin C, by obtaining the above values 
one would be able to estimate the extent of damage caused 
to these crops as they are important in determining the yield. 

It was concluded that, the moisture stress caused the highest 
yield reduction in selected tomato cultivars. ‘KC-1’ cultivar of 
tomato is better stress tolerant to moisture stress compared to 
‘Roma’ and ‘Thilina’ cultivars. With regard to the final yield, 
the selected tomato cultivars which experienced moisture 
stress showed significant variations. Hence, ‘KC-1’ cultivar 
of tomato could be suggested to have high stress tolerance 
and better yield than the rest of the cultivars grown in the 
sandy regosol of the Eastern Province. The frequency and 
quantity of irrigation thus could be adjusted properly, so that 
less or no moisture stress is experienced by plants during the 
flowering stage in order to sustain the potential yield. In the 
dry zone of Sri Lanka, where water availability is scarce, 
the stress tolerant tomato cultivar could be used for crop 
management programmes.
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