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Abstract
The impact of water quality with varying deficit irrigation level on the plant biomass and fruit quality parameters of greenhouse
tomato (Lycopersicon esculentum L. cv Izmir) was investigated. A pot-based experiment was carried out over two growing seasons
(2017-2018 and 2018-2019). Three water qualities: groundwater, recycled wastewater and an equal mix of both were applied in
four irrigation scenarios which aimed to maintain soil moisture levels at 60%, 70%, 80% and 100% of field capacity. A surface drip
irrigation system was designed maintaining irrigation frequency of two days. Results showed that both water quality and deficit
irrigation significantly affected plant biomass. The fresh fruit weight was rather uniform, ranged from 53.2 to 85.4 gram and found
highest in full irrigation. Most of the fruit quality parameters were not significantly affected by water quality.The significantly higher
values of total soluble solid (7.87 degree brix), fruit firmness (9.28 kg/cm2), fruit pH (4.24) and vitamin C content (68.33 mg/kg)
were measured in treatments maintaining soil moisture content at 60% of field capacity (most water-stressed conditions). Based on
these findings, it recommended that by adopting deficit irrigation and maintaining soil moisture at 60% of field capacity, fruit
quality parameters can be significantly improved. In contrast, fresh fruit weight and plant biomass were reduced.
Keywords: Greenhouse tomato; irrigation deficiency; soil moisture content; tomato quality; recycled wastewater reuse.
Introduction
The need to adopt suitable techniques for saving agricultural
water without significant compromising on sustainable yield
and crop quality has been challenging for planners and
scientists. Possible ways to overcome this challenge are
using alternative sources of water and applying efficient
irrigation management strategies (Hassanli et al., 2010)
which is one of the fundamental objectives of this research.
According to Djurovic et al., (2016), modern agriculture must
accomplish two tasks: (1) to produce enough food for a
growing global population, and (2) to ensure satisfactory
crop quality while using water resources efficiently. To
minimize water shortage, irrigators have begun to reduce
dependence on surface and groundwater supplies using
recycled wastewater as an irrigation source (Misra, 2014). In
addition to novel water sources, various changes to
irrigation practices have also been adopted in irrigated
agriculture worldwide (Patane & Cosentino, 2010; Wei et al.,
2018, Chand et al., 2020). Deficit irrigation is one such
practice which has been applied in areas where access to
fresh water is difficult or expensive (Hao et al., 2019; Khapte
et al., 2019; Mattar et al., 2020). Deficit irrigation is defined
as the irrigation management strategy through which water
consumption is deliberately made lower than crop water
requirements to improve water productivity (English & Raja,
1996).
Tomato (Lycopersicon esculentum L.) is herbaceous
perennial and belongs to the Solanaceae family, with around
2800 species identified all with different fruit size, color,
shape and quality (Jones, 2007; Klunklin and Savage, 2017;

Maham et al., 2020). Tomato production is popular
worldwide because of its high nutritional value, providing a
source of antioxidants, fiber, vitamins, potassium, phenolic
compounds, lycopene and β-carotene (Dumas et al., 2003;
Favati et al., 2009; Maham et al., 2020). The global market is
demanding horticultural commodities with superior quality
as consumer demand is now shifting towards nutritionally
rich fruit and vegetables rather than quantity (Chen et al.,
2013; Bogale et al., 2016; Zhang et al., 2017). At present, the
demand and preference of consumers for fruits and
vegetables are becoming more diverse, for example,
consumers are looking sweet tomatoes on the market (Sato
et al., 2006; Prazeres et al., 2016; Garnet et al., 2013;
Rameshwaran et al., 2016).
Tomatoes can be grown in a wide range of climates in open
field as well as greenhouses. Greenhouse cultivation is
attracting growers all over the world due to year-round
production possibility (Harmanto et al., 2005; Yang et al.,
2017; Liang et al., 2019). Weather uncertainties like heavy
rain, high temperature and heat wave increases the
probability of blossom-end-rot, fruit cracking and ultimately
poor fruit quality in tomatoes which can be however,
minimized by using greenhouse technology (William, 2009;
Shao et al., 2015; Cui et al., 2020). Greenhouse tomato has
many popular cultivars throughout the world. Cultivar
selection plays an important role in planning of any deficit
irrigation strategies (Chand et al., 2020). This study
represents the first to consider combined effects of varying
source water quality and deficit irrigation level on one of the
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most popular greenhouse tomato varieties, Izmir. Specific
objectives of this research were: 1) to investigate and
analyse the effect of three water quality with four irrigation
scenarios on plant biomass content and fruit quality
parameters; 2) to determine the optimum deficit irrigation
level for a given source water quality.

Total soluble solid content
Table 2 indicated the assessment of total soluble solid to
various combinations of water quality and deficit irrigation
in the two growth seasons (2017-2018 and 2018-2019). The
result showed that the value of total soluble solid increased
with an increase in amount of water stress provided. There
was not significant difference in the top three values of total
soluble solid; reflecting that water quality had no significant
effects on total soluble solid when maintained soil moisture
at 60% field capacity. However, total soluble solid values of
all deficit irrigation treatments were significantly different
with that of the control. The results for total soluble solid in
this study were consistent with Savic et al., (2011) for
cultivar Cadrico and Chen et al. (2014) for cultivar Taikong-1
and Lahoz et al., (2016) for cultivar H-9036. In our research,
the average increase in total soluble solid in GWI3, MWI3 and
RWI3 compared to control were 10.2%, 8.1% and 10.0%
respectively. These findings are confirmed by Cui et al.,
(2020) who reported that 9% increase in total soluble solid
at 70% field capacity for cultivar Asian Fenwang. This
indicated that there was an increased potential for
sweetness to occur for tomato fruits with lower deficit
irrigation levels. Tomato flavor is generally related to the
relative concentrations of sugars and acids in the fruit and
the most flavorsome combination in fruit is a high total
soluble solid and high acid content (Korob, 2019).
Figure 1 indicated the mean variation of total soluble solids
among 12 selected treatments of this study. The total
soluble solids values considered in Figure 1 are the average
of two experimental years. Results showed that irrigating
the tomato crop by maintaining the soil moisture at 60%
field capacity produced significantly higher total soluble
solid. The highest total soluble solid was observed for GWI3
(7.81-degree brix), followed by MWI3 (7.73-degree brix) and
RWI3 (7.66-degree brix). The total soluble solids content
increases when deficit irrigation is applied in fruit flowering
and development stage (Chen et al. 2013) but decreases in
over-irrigated condition (Sensoy et al. 2007). The total
soluble solids content of tomato has significant implication
for industrial proposes of paste or concentrated juice making
process because the tomato with high TSS consumes less
energy for water evaporation from fruit (Favati et al. 2009).
In their study, Kumar et al., (2015) found that water stress
applied throughout the crop growth season resulted
increment in dry matter and soluble solids compared to full
irrigation.
The interactive effect of varying water quality and deficit
irrigation level on total soluble solid was analyzed using a
two-way ANOVA, and the results are presented in
Supplementary Table 2 which showed that deficit irrigation
levels had significant effects on total soluble solid, but the
effect of water quality was not significant.

Results and discussion
Plant biomass content and fresh fruit weight
Results in Table 1 showed that the highest value of plant
biomass content was 20.24% (RWI, average of 2017-2018
and 2018-2019) followed by GWI (20.15%) and MWI
(20.04%). The lowest plant biomass content was measured
in MWI3 (18.68%), slightly lower than RWI3 (18.72%) and
GWI3 (18.74%). The plant biomass content values for all
deficit irrigation treatments were significantly different
compared to control at 5% level of significance. Also, plant
biomass content of this research illustrated a positive linear
trend with the volume of water applied because biomass got
decreased with increasing water shortage in the root-zone
(Cantore et al., 2016). This study found 8% plant biomass
content loss in deficit irrigation treatments maintaining soil
moisture at 60% field capacity compared to control. In
Serbia, similar finding in the case of tomato was presented
by Savic et al., (2008), who stated that deficit irrigation
designed at 50% field capacity reduced plant biomass by
32%.
Table 1 indicated that there was an inversely proportional
relationship between fresh fruit weight and amount of water
stress (deficit applied). Larger fruit size (indicated by higher
weight) were measured under the control treatment while
the fruit size reduced considerably under deficit irrigation
scenarios. The GWI treatment produced the significantly
higher fresh fruit weight (81.95-gram, average of 2017-2018
and 2018-2019) followed by RWI (81.2-gram,) and MWI
(80.5-gram). However, there was not significant difference
among these highest fresh fruit weight values. The average
loss in fresh fruit weight due to irrigation deficiency in
treatments GWI3, RWI3 and MWI3 were 40%, 34% and 32%
respectively, all significantly lower than the control. These
results were consistent with Ripoll et al., (2016) where fresh
fruit weight was decreased by 32% when applying deficit
irrigation at 60% of full irrigation for cultivar Virosa. The
results were, however, different from Chen et al., (2013)
who found the decrease in fresh fruit weight at 60% deficit
irrigation level was 13% using cultivar Jinzuan-3. This
suggested that tomato variety is an important factor in the
extent of fresh fruit weight impact. The crop development
process gets negatively affected in deficit irrigation due to
decreased
photosynthesis
rate
at
reduced
evapotranspiration and carbon availability, resulting in
smaller fruit size and reduced plant biomass (Li et al., 2010;
Zheng et al., 2013). Tomatoes are a highly water-dependent
crop and are unfavourably affected by any kind of water
shortage which hampers process of photosynthesis, plant
growth and fruit production (Marjanovic et al., 2012;
Klunklin and Savage 2017).
The interactive effects of varying water quality and deficit
irrigation level on fresh fruit weight and plant biomass
content was evaluated using a two-way ANOVA, and the
findings are presented in Supplementary Table 1. The results
showed that water quality and deficit irrigation levels both
had significant effects on plant biomass content at P < 0.05.

Fruit firmness
The results in Table 3 indicated that fruit firmness produced
proportional relationship with water stress (deficit) applied.
The average increase in fruit firmness in treatments GWI3,
RWI3 and MWI3 compared to the control were 9.4%, 8.2%
and 8.6% respectively which indicates that there is an
increased potential for storage to occur for tomato fruit
produced from higher water stress levels. Previous studies
have shown a stronger relationship between fruit firmness
and degree of water deficit provided. For example, Wang et
al. (2011) demonstrated that the fruit firmness value
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Table 1. Effects of water quality and deficit irrigation on fresh fruit weight and plant biomass content.
Years
2017-2018

2018-2019

Treatment
GWI
GWI1
GWI2
GWI3
RWI
RWI1
RWI2
RWI3
MWI
MWI1
MWI2
MWI3
GWI
GWI1
GWI2
GWI3
RWI
RWI1
RWI2
RWI3
MWI
MWI1
MWI2
MWI3

FFW (gm)
78.50 ±0.493ab
74.13 ±0.491cd
59.17 ±0.433f
53.23 ±0.467h
79.20 ±0.289a
72.37 ±0.433d
64.23 ±0.353e
58.93 ±0.318f
77.67 ±0.384b
74.93 ±0.463c
64.10 ±0.289e
56.57 ±0.463g
85.40 ±0.265a
80.43 ±0.549d
74.33 ±0.348e
63.47 ±0.593h
83.33 ±0.176b
82.00 ±0.436c
74.47 ±0.067e
62.20 ±0.321i
83.27 ±0.219b
80.23 ±0.176d
69.83 ±0.176f
64.70 ±0.361g

PBC (%)
20.03±0.040a
19.57±0.075bc
18.93±0.090d
18.70±0.053ef
20.16±0.049a
19.60±0.031b
18.90±0.091de
18.74±0.059def
20.00±0.053a
19.33±0.120c
18.91±0.118de
18.63±0.064f
20.27±0.044ab
19.78±0.041c
19.08±0.065e
18.78±0.042f
20.33±0.058a
19.81±0.038c
19.07±0.088e
18.71±0.037f
20.08±0.044b
19.59±0.128d
19.07±0.078e
18.73±0.074f

Note: FFW= Fresh fruit weight; PBC= Plant biomass content, Values are given means ± standard error of mean. The same letter following the values within the same
column indicates non-significant differences between the treatments, whereas different letters show significant difference (P < 0.05).

Table 2. Effects of water quality and deficit irrigation on total soluble solid content.
Treatment
GWI
GWI1
GWI2
GWI3
RWI
RWI1
RWI2
RWI3
MWI
MWI1
MWI2
MWI3

Total soluble solid (° brix)
2017-2018
7.20±0.06de
7.24±0.02d
7.60±0.12ab
7.75±0.03a
7.03±0.09ef
7.20±0.06de
7.50±0.06bc
7.67±0.12ab
6.83±0.09f
7.37±0.07cd
7.67±0.07ab
7.73±0.02a

2018-2019
7.16±0.02d
7.20±0.03cd
7.53±0.02b
7.87±0.04a
7.05±0.06ef
7.28±0.06d
7.45±0.03c
7.65±0.03b
7.08±0.03g
7.32±0.02e
7.53±0.04cd
7.73±0.05ab

Values are given means ± standard error of mean. The same letter following the values within the same column indicates non- significant differences between the
treatments, whereas different letters show significant difference (P < 0.05).

Table 3. Effects of varying water quality and deficit irrigation on fruit firmness.
Treatment
GWI
GWI1
GWI2
GWI3
RWI
RWI1
RWI2
RWI3
MWI
MWI1
MWI2
MWI3

Fruit firmness (kg/cm2)
2017-2018
8.53±0.02e
8.72±0.02d
8.87±0.02c
9.28±0.03a
8.50±0.03e
8.73±0.03d
8.90±0.03c
9.20±0.03b
8.52±0.02e
8.75±0.03d
8.78±0.02d
9.25±0.03ab

2018-2019
7.47±0.04ef
7.57±0.04def
7.83±0.03c
8.17±0.04a
7.43±0.04f
7.63±0.06d
7.80±0.08c
9.00±0.03b
7.45±0.05ef
7.58±0.04de
7.87±0.04bcd
8.90±0.03bc

Values are given means ± standard error of mean. The same letter following the values within the same column indicates non-significant differences between the
treatments, whereas different letters show significant difference (P < 0.05).
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Fig 1. Variation of mean total soluble solid (TSS) across 12 selected treatments.

Fig 2. Variation of mean fruit firmness (FF) across 12 selected treatments.

Fig 3. Variation of mean fruit pH across 12 selected treatments.
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Table 4. Effects of varying water quality and deficit irrigation on fruit pH.
Treatment

Fruit pH
2017-2018
4.07 ± 0.006f
4.08 ± 0.012ef
4.14 ± 0.003cd
4.20 ± 0.007a
4.16 ± 0.012bc
4.17 ± 0.003b
4.17 ± 0.003b
4.22 ± 0.003a
4.07 ± 0.003f
4.10 ± 0.006ef
4.13 ± 0.003d
4.18 ± 0.003b

GWI
GWI1
GWI2
GWI3
RWI
RWI1
RWI2
RWI3
MWI
MWI1
MWI2
MWI3

2018-2019
4.10 ± 0.009f
4.12 ± 0.003ef
4.17 ± 0.009c
4.22 ± 0.003ab
4.13 ± 0.009de
4.15 ± 0.003cd
4.19 ± 0.003b
4.24 ± 0.006a
4.11 ± 0.003f
4.14 ± 0.009de
4.17 ± 0.009c
4.20 ± 0.009b

Note: Values are given means ± standard error of mean. The same letter following the values within the same column indicates non-significant differences between the
treatments, whereas different letters show significant difference (P < 0.05).

Fig 4. Layout of an experimental pot and details
Table 5. Effects of water quality and deficit irrigation on vitamin C content.
Years
2017-2018

Treatment
GWI
GWI1
GWI2
GWI3
RWI
RWI1
RWI2
RWI3
MWI
MWI1
MWI2
MWI3

Vitamin C (mg/kg)
62.33 ± 0.333g
65.33 ± 0.333ef
66.33 ± 0.333cde
67.33 ± 0.333abc
62.67 ± 0.333g
66.00 ± 0.000de
67.67 ± 0.333ab
68.33 ± 0.333a
62.00 ± 0.577g
64.67 ± 0.66f
66.67 ± 0.333bcd
67.67 ± 0.333ab

Note: Values are given means ± standard error of mean. The same letter following the values within the same column indicates
non-significant differences between the treatments, whereas different letters show significant difference (P < 0.05).
Table 6. Initial chemical and physical characteristics of the experimental soil.
EC
dS/m
1.05

pH
7.35

TN
mg/kg
1550

P
mg/kg
1720

K
mg/kg
2020

Ca
mg/kg
3030

Mg
mg/kg
1070

Table 7. Initial chemical and physical characteristics of the experimental waters.
Water
EC
pH
TN
P
K
Ca
Mg
Quality
dS/m
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
GW
1.9
7.1
2.1
0.1
9
41
41
RW
2.1
7.3
5.7
0.3
38
70
44
MW
1.9
7.2
2.7
0.2
24
58
43
Note: GW= Groundwater; RW= Recycled wastewater; MW= Mixed water.
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Na
mg/kg
80

Na
mg/kg
229
325
280

B
mg/kg
3.1

B
mg/kg
0.2
0.5
0.4

TC
%
2.95

TC
%
61
43
46

increased by 18% under deficit irrigation compared to full
irrigation for cultivar Caihong-1. A similar increase of 15% in
fruit firmness was reported by Chen et al., (2013) also noting
that a higher fruit firmness can reduce mechanical damage
during transport and storage. While the actual reasons
behind having increased fruit firmness in deficit irrigation
are complicated, Guichard et al., (2001) reported that
irrigation deficiency could lead to a lower pressure on the
cell walls of tomatoes which results in a higher epidermal
elasticity and improved fruit firmness.
Figure 2 showed the mean variation of fruit firmness among
12 treatments. Overall GWI3 produced the highest fruit
firmness (8.72 kg/cm2) followed by RWI3 (8.60 kg/cm2) and
MWI3 (8.57 kg/cm2) as presented in Figure 2. Fruit firmness
describes the force offered by fruit against mechanical
pressure and hence is a vital storage quality parameter
(Patane & Cosentino 2010). Consumers prefer tomato
having higher FF value because, higher the FF, the longer will
be the storage life and vice-versa (Yang et al. 2017).
The interactive effect of varying water quality and deficit
irrigation level on fruit firmness was analyzed using a twoway ANOVA, and the results are presented in Supplementary
Table 5 which showed that deficit irrigation had significant
effects on fruit firmness at the 5% level of significance, but
water quality effect was not significant.

irrigation at 50% of full irrigation for cultivar
Yazhoufenwang.. It is generally assumed that the reduced
leaf area index, increased light intensity and higher sugar
accumulation in fruits due to lower water supply promotes
more vitamin C synthesis in deficit irrigation treatments
(Dumas et al., 2003; Wang et al., 2011).
Discussion
Overall, the results of this study suggested that suitably
applied deficit irrigation techniques, which consider
appropriate timing and degree of water stress can
significantly improve quality parameters of greenhousegrown tomato fruits. For example, total soluble solid, fruit
firmness, pH and vitamin C were significantly improved by
increasing the degree of water stress which are in consistent
with the findings of Liu et al., (2019). Nangare et al., (2016)
and Zegbe et al., (2006) reported that a water deficit
condition is favourable to accumulate photo-assimilates in
tomato fruits which is primarily responsible for improving
total soluble solid and fruit firmness. The reduced fresh fruit
weight and low dilution due to decreased water levels in
fruits have potentially resulted in higher accumulation of the
photo-assimilates, thereby the improved quality parameters
(Nangare et al., 2016). As a result of greater water supply in
full irrigation, antioxidant activities reduce in fruit and hence
reduction of certain quality parameters in tomato occurs
(Pek et al., 2014; Buttaro et al., 2015). Wide canopy growth
with higher plant biomass occurs in tomato plants which
receive full irrigation, might result more shading to fruits
during ripening which reduces vitamin C content (Gautier et
al., 2008).
Similar findings were described by Cahn et al. (2001), who
recommended deficit irrigation up to 70 – 85% of the crop
evapotranspiration as a sound compromise between tomato
yield and quality, while Patane et al., (2011) proposed deficit
irrigation at 50% of evapotranspiration during the entire
growing season, as a trade-off between water saving and
fruit quality of tomato. However, one aspect that is still
unclear from this research is the ultimate degree of water
stress in deficit irrigation beyond which fruit quality starts to
deteriorate. Further research on this aspect is necessary to
optimize the quality of the tomato fruit under a selected
deficit irrigation strategy.

Fruit acidity (pH)
In both experimental year of this research, the result
showed that fruit acidity (pH) increased with increase in
water deficit applied (Table 4). The fruit pH was found
significantly higher in 60% field capacity regardless of water
quality. An optimum pH range in commercial tomatoes is 4
to 4.5 and the lower the pH, the tarter or sour the fruit
(Korob, 2019). In this study, pH values of all treatment
remained in the normal range (4.0 – 4.5).
The findings of this study showed that the largest value of
fruit pH was observed in RWI3 (4.23, average of 2017-2018
and 2018-2019), just larger than GWI3 (4.21) and MWI3
(4.19) which has been presented in Figure 3. In contrast, the
lowest pH was measured in GWI (4.08), just lower than MWI
(4.09) and RWI (4.14). The interactive effect of varying water
quality and deficit irrigation level on fruit pH are presented
in Supplementary Table 3 and 4 which showed that water
quality, deficit irrigation levels and their interactions all had
significant effects on the fruit acidity at P < 0.05.

Materials and methods
Vitamin C content
The results in Table 5 revealed that vitamin C content of
tomato fruit was found to be improved by adopting deficit
irrigation. The highest value of vitamin C was found in
treatment RWI3 (68.33 mg/kg), while the lowest value was
measured in MWI (62.00 mg/kg). These results showed that
providing irrigation by maintaining soil moisture at 60% field
capacity produced a significantly higher vitamin C content in
tomato fruits compared to other treatments. An average
increase in vitamin C due to water deficiency in treatments
GWI3, RWI3 and MWI3 were found to be 8%, 9% and 9.2%
respectively compared to control which gives an added
benefit for human health. The results of this study are
consistent with Bogale et al. (2016) who found vitamin C was
increased by 30% when applying deficit irrigation at 50% of
full irrigation for cultivar Cochoro and Agbna et al. (2017)
where vitamin C was increased by 28% when applying deficit

Experimental site
The study aimed to simulate tomato growing conditions in
the Northern Adelaide Plain of South Australia using potbased experiment conducted in a laboratory greenhouse
located at the University of South Australia, Mawson Lakes
Campus (-34.92900S, 138.60100E, 10.86m), Mawson Lakes.
The Northern Adelaide Plain represents 90% tomato
production in South Australia and contains the largest area
of greenhouse coverage in whole Australia (Phogat et al.,
2020). This research was executed in 2017-2018 and 20182019.
Plant material
A polyvinyl chloride pot of 75 cm depth and 52 cm diameter
was selected for this study. Figure 4 shows the layout and
details of an experimental pot with necessary arrangements.
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Soil selected for this study was loamy sand. The bulk density
and field capacity of experimental soil was determined as
described by Michael, (2003). One of the most popular
greenhouse tomato varieties, Izmir was selected as a crop
cultivar. 28-day old seedlings at the 4th leaf stage was
sourced from a local nursery and were transplanted into
pots in accordance with Wang et al., (2015) and Alrajhi et al.,
(2017). The major water sources: groundwater, recycled
wastewater and mixed water (consisting of 50%
groundwater and 50% recycled wastewater by volume) used
for tomato production in the Northern Adelaide Plain were
selected in this study as varying water quality.

plant weight was recorded and then the samples were
placed into a drying oven for 48 hours with a constant
temperature of 70°C.
Fruit quality parameters
Total soluble solid content of tomato fruits was determined
following standard procedures (AOAC Methods, 1980;
Nuruddin et al., 2003; Savic et al., 2011). Fruit firmness was
determined using following standard procedures
recommended by AOAC Methods, (1980); OECD, (2009) and
Chen et al., (2014). Fruit acidity/ pH was determined
following procedures as described by AOAC, (1980); OECD,
(2009) and Ripoll et al., (2016). Vitamin C content was
determined in accordance with standard procedures
outlined in AOAC, (1980); Chen et al., (2013) and Agbna et
al., (2017).

Experimental design and irrigation treatments
A “3 × 4 factorial randomized design” was applied to this
study. The first factor represented water quality (three
levels: groundwater, recycled wastewater and mixed water)
and the second factor represented irrigation scenarios (four
levels: 100%, 80%, 70% and 60% of field capacity) which are
presented in Supplementary Table 5. The physico-chemical
parameters of the experimental soil and irrigation waters
were analysed prior to starting the experiment with the
results shown in Table 6 and 7. The data shows mean results
from the analysis of three replicate samples of each source
water type and three soil samples. In total, 12 treatments
each with four replications were examined. The principle of
randomization was followed as is required in similar
scientific experiments.

Statistical analysis
To examine the experimental data; water qualities and
deficit irrigation levels were taken as independent variables
and fruit quality parameters and plant biomass were the
dependent variables. Differences between means were
evaluated for significance using the Least Significance
Differences test at 95% confidence (P < 0.05). Duncan’s
Multiple Range Test for significance comparison of two
individual treatments were applied. The SPSS Statistics 21
software package (Version 25.0; IBM SPSS, Armonk, New
York, USA) was used for analysis of variance (ANOVA) and
boxplots.

Soil moisture content monitoring and estimation
A PR2/4 Profile Probe (Delta-T Devices Ltd, Cambridge, UK)
was used for measuring soil moisture content followed by
Savic et al., (2011). The access tubes were fixed at 11 cm
from the centre of each pot to ensure accuracy of soil
moisture measurement in accordance with Soulis et al.,
(2015).

Conclusions
The major objective of this study was to evaluate the effects
of varying water quality and deficit irrigation level on plant
biomass content and fruit quality parameters of greenhouse
tomatoes and for establishing an optimum deficit level for
sustainable production. Both deficit irrigation scenarios and
water quality had significant impacts on plant biomass
content. The results revealed that the fruit qualities of
greenhouse-grown tomatoes were proportional to
increasing irrigation deficiency level. Fruit quality
parameters were found significantly higher in the most
water stressed deficit irrigation conditions examined
(maintaining soil moisture at 60% field capacity). The main
reason could be that with deficit irrigation, as less water is
ultimately delivered (1)
to tomato fruit, the soluble solid
content and dry matter content were increased resulting
higher total soluble solid, fruit firmness, pH and vitamin C.
The results concluded that the application of a deficit
irrigation strategy could be an effective approach for
improving fruit quality for greenhouse tomatoes when
appropriately applied with defined levels of irrigation
deficiency, i.e. by adopting deficit irrigation at 60% field
capacity level, fruit quality parameter can be significantly
improved. This is important in water-limiting conditions,
particularly arid and semi-arid regions where water scarcity
is an increasing concern and water costs are continuously
rising.

Application of irrigation
Drip irrigation system was used for the study. Irrigation
frequency was scheduled for two days. The irrigation volume
was determined based on the soil moisture content
measured for each treatment. To illustrate the process,
irrigation volume for control treatment as full irrigation
(100% field capacity) on day i was calculated using Equation
1 (Chand et al. 2020).
𝐼𝑣𝑜𝑙,𝑖 = 𝑉 × [𝜃𝐹𝐶 − 𝜃𝑖 ]
Where,
𝐼𝑣𝑜𝑙,𝑖 = Irrigation water to meet soil field capacity at day i
(litre)
V= Volume of soil in the effective root zone area (litre)
𝜃𝐹𝐶 = Volumetric soil moisture content (%) at field capacity
𝜃𝑖 = Volumetric soil moisture content (%) at day i (just prior
to irrigation)
Based on the 𝐼𝑣𝑜𝑙,𝑖 value, the volume of water to be applied
for deficit irrigation treatments were calculated accordingly.
For example, in GWI1, 80% of 𝐼𝑣𝑜𝑙,𝑖 was supplied using
groundwater.
Tomato harvesting
Plant biomass content
Plant biomass content was evaluated by adopting the
procedures outlined by Zhang et al., (2017), Semananda et
al., (2016) and Zotarelli et al., (2009). Soon after harvesting
all the tomato fruits, leaves and stems were cut from the
base of the plant and made into small uniform pieces. Moist
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