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This study aimed to differentiate and identify the best soil field capacity for good plant growth and
optimization of yield. Tomato is an herbaceous crop that needs an adequate amount of water for growth
and yield optimization. This experiment was conducted in pots in a greenhouse to examine the effect of
water stress on the growth, yield, and shelf-life of five tomato varieties namely Padma F1, Cobra F1,
Symbal F1, Titanium F1 and Nkansah GH. This research was conducted at the project site of the NEIP
Envirodome greenhouse at the Dawhenya irrigation scheme in Ghana, from January 2017 to May 2019
for 5 cropping cycles. The tomato varieties were subjected to soil field capacity of 80-100FC%, 70-75FC%,
60-65FC% and 50-55FC% with three replications in a randomized complete block design. Plant height,
stem diameter, internode length, leaf relative water content, stomata conductance, transpiration rate,
yield, and shelf-life were the parameters measured to compute the effect of water stress on the different
tomato varieties. Results from this study revealed that water stress decreased significantly leaf relative
water content, stomata conductance, and transpiration rate at p<0.05. In conclusion, moderate water
stress at field capacity 60-65 FC% resulted in optimizing plant morphological characteristics,
physiological response, yield, shelf-life, and total soluble salt.

Key words: Water stress, tomato, crop physiology, crop morphology, yield, stomatal conductance, transpiration
rate, relative leaf water content.

INTRODUCTION

Globally, water for irrigation is increasingly becoming global warming is expected to increase water shortage by
limited because of global climatic change and the increasing evapotranspiration and the incidence and
aggressive exploitation of natural resources (soil, water, intensity of drought from 1 to 30% by 2100. Climate

and biodiversity). According to Fischlin et al. (2007), change is making water stress become a severe problem
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mostly limiting plant growth in arid and semi-arid regions
(Fischlin et al., 2007; Knapp et al., 2001; Trenberth et al.,
2015). Irrigation scheduling is a management strategy to
improve the amount and time of irrigation water
application as it contributes to water use efficiency and
irrigation profitability (Alordzinu et al., 2017). Effective
irrigation scheduling considers many factors, such as crop
water requirements, crop growth stage, crop species, and
variety, climatic factors, and soil physical and chemical
properties that determine its water holding capacity.
Furthermore, the crop's root mass and depth, affect the
crop’s evapotranspiration process. The evapotranspiration
rate of crops is similar to its water requirements, and this
is the amount of water that the crop needs to compensate
for the water lost through evapotranspiration (ET) (Allen et
al., 1998; Nouri et al., 2013; Yadav and Sharma, 2016).
Plants use several physiological adaptive mechanisms
such as hormonal changes, cellular or molecular adaptive
mechanisms to survive prolonged water stress (Bohnert
and Jensen, 1996; Pedrol et al., 2000; Yadav and Sharma,
2016). Water stress is a major setback to global food
production and food security (Hamouda et al., 2019;
Lakmali et al., 2015; Nuruddin et al., 2003). Plant ontology
is very sensitive to unplanned water stress because of the
detrimental effect it has on growth, fruit quality, fruit size,
and shelf-life especially when the plant reaches its peak
physiological development (Shan and Zhao, 2015).
Tomatoes (Solanum lycopersicum) are herbaceous
vegetables from the Solanaceae family. It is an essential
and the second most popular vegetable which is widely
cultivated worldwide especially in arid and semi-arid
regions. According to Bjarnadottir (2019) fresh tomato
contributes significantly to the human diet because of its
nutritional values, it is rich in vitamins A and C, water,
protein, carbohydrate, ascorbic acid, sugar, fiber, fat, etc.
Espinoza et al. (2017) reported that timely identification of
water stress symptoms in crops is very vital to maintain
good plant growth; the most common symptom of water
stress in tomato is wilting. Tomato plants require a well
regulated supply of water throughout the growing period
for optimal quality and higher yield as tomato does not like
“too dry or wet feet”, substantial reduction in plant
vegetative growth, leaf relative water content, stomata
conductance, Yyield, and other physiological and
morphological plant characteristics may be as a result of
severe water stress (Giuliani et al., 2017; Kirnak et al.,
2001) however, plants may yield less fruit (weight, size,
and number per cluster per plant) and quality when
exposed to severe water stress. Tomato plants develop
more root mass in soil with water content somewhat less
than field capacity (Nuruddin et al., 2003), also, Liu et al.
(2019) and Nyabundi and Hsia (2009) reported that
tomato under water stress at field conditions inhibits its
growth vegetatively but enhances fruit quality and number
of fruits per plant.

This research is to examine the effect of water stress on

the growth, yield, and shelf-life of tomato grown in pots in
greenhouse.

MATERIALS AND METHODS
Study area

This research was carried out in Ghana at the Dawhenya irrigation
scheme as a pot experiment conducted in the NIEP Envirodome
greenhouse. Geographical location 0010'W 504'N with a mean
annual temperature of 26.6°C, mean annual rainfall of 809 mm, and
mean annual humidity is 81%. These experiments were conducted
from 2017 to 2019 (5 growing cycles).

Test crop varieties

Five tomato varieties were used namely; Cobra F1 from Agriseed
GH, Tythenium F1from Dzingoff GH, Symbal F1 from Agriseed GH,
Padma F1 from East-West seeds, and Nkansah GH from the
University of Ghana Crop Research Center.

Soil data

The soil type used in this research was the Akuse series. The soil
was collected at a depth of 30 cm using a 200 cc core cutter from
the Dawhenya irrigation scheme farmland. Soil samples collected
were air-dried, rounded, and sieved with a 2 mm sieve to remove all
debris and this was used to determine the physical and chemical
properties as used by Osei et al. (2017). The soil physical and
chemical properties of the sampled soil in August 2017 are shown in
Tables 1 and 2.

Soil moisture measurement

IMKO, Trime-Pico TDR was used to determine the soil moisture
content in each pot. The instrument was calibrated and moisture
readings were taken directly by inserting the instrument into the
desired depth of soil through access tubes that were already
installed in holes.

The volume of water applied to soil to reach each soil FC limit was
calculated based on the following equation by Jackson (1982) and
Martinez-Fernandez et al. (2015).
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Where: (1) is the irrigation water (mm), Q is the volume of ponded
water SWC is the water content on the required of the soil (%), AWC
is the actual water of the soil when irrigating (%), DSM is the dry soil
mass (kg), A is the pots surface area (mm>).

Soil drainability

It is the volume of water that drains through the soil voids per unit
time. When the soil pore volume of water is removed (or added)
when the water table is lowered or raised in response to gravity
without evaporation drainable porosity is said to occur (Osei et al.,
2017). The soil drainability for this soil is shown in Figure 1.



Table 1. Results of Soil physical analysis.
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Soil Sand Silt Clay Texture Bulk density Porosity Field capacity Permanent
(%) (%) (%) (g/cm? (%) (%) wilting point (%)
Akuse series 40.4 13.8 45.4 clay 1.50 43 48 17

Source: Field Data with Soil Research Institute of Ghana / N.E.l.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).

Crop data
Morphological parameters

The physical and external structure of plants that were used to
estimate water stress effect on the growth of tomato include plant
height (Ph) (cm) which was measured by a meter stick with the zero
mark placed at the ground level of the pot to the highest point of the
plant, this measurement was carried out every three days and the
value recorded for the entire growing season, plant height was
calculated using growth formula (Poorter et al., 2012).

52-51
T )

Ph =

Where S1 is the first measurement, S2 is the second measurement
and T is the number of days between each measurement. Stem
Diameter (DS) (mm) was measured around the base of the plant
using calipers and Internode Length (LI) (cm) measured between
trusses using meter rule.

Physiological parameter

These parameters are responsible for the growth, development, and
production of economic yield by the crop. Leaf Relative Water
Content (LRWC), Transpiration rate (E), and Stomata Conductance
were the physiological parameters used to estimate the water stress
effects on the growth, yield, and shelf-life of tomato.

Leaf relative water content (LRWC)

This is an important indicator to estimate the amount of water
contained in plants because it reflects the steady relationship
between water available in plant leaf tissue and water lost through
transpiration (Chakroun et al., 2015; Hamouda et al., 2019; Van
Loon, 1981; Lugojan and Ciulca, 2011). This parameter was used to
evaluate the existing water content of the sampled leaf tissue
relative to the highest amount of water the leaf tissue can hold at full
turgidity. The fresh mass of the sample leaves was weighed and
recorded; the leaves were immersed in distilled water in a Petri dish.
The immersed leaves were removed from the petri dish and the
surface water was whipped cleaned and weighed to obtain the
turgid leaf mass. The Samples were oven-dried at 70°C for 48 h to
constant weight. Leaf relative water content was calculated using
the equation by Pieczynski et al. (2013),

FM—-DM
LRWC =22 5 100
(TM—-DM) 3)
Where, LRWC %= Leaf Relative Water Content, FM= fresh leaf
mass, DM= dry leaf mass, TM= turgid leaf mass.

Stomata conductance (gl)

This parameter measures the rate of water vapor evolving through
the plant leaf stomata and this is a function of the aperture of the
stomata, the size of the stomata, and stomata density. Transpiration
reduces with the reduction of stomatal conductance (Massonnet et
al., 2007). If plant leaf size reduces it may bring about stomatal
closure hence lowering stomatal conductance (Damour et al., 2010).
Three plants were sampled from each treatment and fully matured
leaves from this plant were also sampled for data collection,
handheld leaf porometer was used to measure the stomatal
conductance in mmol/m?s after every irrigation application on a full
bright day as this indicator is dependent on light.

Transpiration rate (E)

It is the loss of water from plants' stomata in the form of water vapor.
This was estimated by the gravimetric method because the volume
of water added to the soil and the volume of water lost was known
by weighing the pot with the plant before irrigating and weighing
after irrigating with a weighing scale with an accuracy of £5 g. The
measurements were taken for all the five growing seasons from
2017 to 2019 and this was compared to the moisture values from
the moisture meter for consistency. Transpiration rates were
calculated using the water balance approach. Kirnak et al. (2001),
reported that the appropriate technique for estimating the
transpiration rate of plants grown in pots is gravimetric because the
volumes of water applied to the plant root zone in the pot and
volumes of water drained from the pots is known.

Crop water stress index (CWSI)

The crop water stress values were calculated according to (Idso,
1982; lhuoma and Madramootoo, 2019; Jackson et al., 2004)
procedure, CWSI measures crop canopy temperature by measuring
the minimum canopy temperature expected under non-water- stress
conditions and the maximum temperature under severe water stress.
The non-water-stressed starting point for the lower limits for the
canopy-air temperature difference (Tc-Ta) versus the Vapor
Pressure Deficit (VPD) relationship was determined using the data
collected from the control treatment (T1- 80 t0100%) only. The
higher limits were calculated using canopy temperatures of the fully
stressed plants (T4-50 to 55 %). CWSI was calculated for all the
treatments, using the equation proposed by (ldso, 1982).

(Tc—Ta)—D2
D1—-D2 4)

CWSI

Where, D1 is the maximum canopy and air temperature difference
for a stressed crop (the maximum stressed baseline, °C), D2 the
lower limit canopy, and air temperature difference for a well-watered
crop (the non-water-stressed baseline, °C), Tc is the measured
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Table 2. Results of soil chemical analysis.

H Org.C Total N OrgM Exchangeable cations me/100 g
P (%) (9kg)  (g/kg) Ca Mg K Na Ec. Ec Me/100 g
7.64 0.65 0.071 1.12 17.62 10.15 0.68 131 29.8

Source: Field Data Soil Research Institute of Ghana / N.E.l.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).
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Figure 1. Akuse series soil drainability.
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Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).

canopy surface temperature (°C), Ta is the air temperature (°C).
According to Idso (1982), vapor pressure deficit is calculated as:

VvPD = VPmax — VPactual )

where: VP max is the maximum vapor pressure for a given air
temperature and pressure, VP is the actual vapor pressure.

Water stress application

The crops were subjected to four (4) field capacity percentages
treatment levels at FC range of 50-55% FC, 60-65%FC, 70-75% FC
and 80-100%FC. To maintain the preferred percentage FC in the
soil, water was added whenever the water level is lower than the
required FC%, plastic mulch was used to cover the pots to avoid
water loss through evaporation. IMKO, Trime-Pico TDR supplied by
micromodultechnik GMBH with model code 100, HW:1,.2 FW:1,
120313 was used to measure the available moisture (volumetric
water content) in the soil every day. This is useful for the estimation
of the crop transpiration rate, relative water content, moisture
content of the fruits, osmotic pressure, fruit quality, and brix of the
fruit. The average volume of water applied per irrigation to maintain
the soil %FC includes 250 ml/irrigation application for 80-100% F.C.,
200 mlfirrigation application for 70-75% F.C. 150 ml/irrigation
application for 60-65% F.C. 100ml/irrigation application for 50-55%
F.C. with a scheduled irrigation interval of 3 days.

Nutrient application

Chicken manure was applied in the pot at the rate of 15 t/ha and

inorganic fertilizer N, P, and K at the rate of 220-200-150 kg/ha, 70%
of the total amount of potash, phosphorus, and 50% the nitrogen
was incorporated during soil preparation and sterilization for the pot
experiment. The remaining 30% of the P and K and 50% of N were
applied as topdressing and supplementary nutrition was supplied as
foliar at every 15days interval for 4 times in the growing season.

Measurement of crop yield, quality, and shelf-life parameters

The total number of fruits per plant was counted manually from 5
randomly sampled tomato plants from all five varieties and the
averages were determined and recorded for the entire growing
seasons. Harvesting of the matured tomato fruits at full ripening was
carried out twice a week for 9 weeks for each growing season in all
the 5 five cropping cycles (2017 to 2019) by manual hand picking.
All tomato fruits from selected pots with different water stress
levels which were considered as marketable yield were weighed
separately using an electronic weighing scale with a 0.001 g
efficiency level. Total soluble solids (TSS) were measured twice on
juice from 3 sampled tomato fruit from all five varieties, using a
portable handheld refractometer Atago (ATAGO, Inc. Kirkland, WA,
USA) and results were expressed as Brix value. Sampled fruits were
sliced longitudinal into two halves (from stem end to calyx-end). The
slice was squeezed to obtain the juice. 1 ml from the prepared fruit
juice was placed onto the refractometer prism plate and the reading
was taken and recorded, the prism plate was cleaned and dried
After each test. Five tomato fruits from each variety from all the
water stress treatments were sampled and stored on the shelf in a
well-ventilated room at room temperature to determine the shelf-life,
this was done for all the five growing seasons and the average yield,
brix, and shelf-life determined. Data obtained from yield in terms of



the number of fruits per plant was represented in the raw form in a
table format to give a true reflection of the actual situation on the
plant and the treatment imposed.

Experimental design

This research was conducted in ordinary time conditions as a pot
experiment in a completely randomized block design (CRBD) with
four treatments and three replications in the NIEP Envirodome
Greenhouse. 15 L black plastic pots filled to 12 L with Akuse series
black soil was used. The greenhouse was extensively examined for
uniform distribution of light, temperature, air, and humidity to enable
accurate data collection from experimental units. The data collected
on plant morphology, physiology, yield, and shelf-life were subjected
to Analysis of Variance (ANOVA) using SAS version 9.1. Significant
means were separated using the Duncan Multiple Range Test
(DMRT) at a = 0.05 probability level and the results were
represented in tables and graphs.

RESULTS
Crop morphology

The data for each parameter was measured for all five
tomato varieties and the means were determined and
recorded separately. These means were compared with
Duncan's least multiply range test (LSD) and this is shown
in Table 3.

Varietal morphological percentage reduction with
water stress

The five tomato varieties used as test crop for the
research was further analyzed to compare the effect of
water stress on their morphological development to
determine the percentage reduction in plant height, stem
diameter, and plant internode length (Figure 2).

Crops physiology
Leaf relative water content (LRWC)

LRWC was estimated using the equation explained by
Pieczynski et al. (2013). Leaf Relative Water Content
(LRWC (%) = [(FM-DM)/(TM-DM)] x100). The tested
plant leaves were dependent on the pot soil field capacity
(FC) levels which indicate a steady reduction (y =
92.78-4.84x; R2 = 85%) of the LRWC (%) with the
respective water stress level (soil FC%) in the pots. The
leaf relative water content was reduced by 25% in the
most stressed plants (50-55% FC) compared to less
water-stressed crops (80-100% of FC) and this is shown
in Figure 3.

Stomata conductance

Plants with moderate to no water stress 60-65 FC % and
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above have generally higher stomata conductance ranging
from 130 to 225 mmol/m’s compared to the plants with
higher water stress 50-55 FC% having lower stomata
conductance ranging from 100 to 112 mmol/m?s as shown
in Table 4.

Transpiration rate (E)

Transpiration rate for the high-water stress crops reduced
by 44-45% at 50-55% FC compared to the less water
stress crops of FC% ranging from 60-65% and above
depending on the variety of tomato. The transpiration rate
was very high for the crops that were subjected to no
water stress 80-100% FC as shown in Figure 4.

Yield, brix, and shelf life parameters

Results of tomato vyield, brix, and shelf life for the five
tomato varieties for the different water stress treatments
are shown in Table 5.

DISCUSSION

Water stress on crop morphology as shown in Table 3
revealed that plants suffered water stress when soil water
content becomes less than 60%, according to the results,
plant height, stem diameter, and internode length
decreased. This was evident in all five tomato varieties
used in this experiment. These results confirm the results
of (Nahar and Ullah, 2012; Nemeskéri et al., 2019), which
indicated that plant height, internode length and stem
diameter of water-stressed plants decreased compared to
plants with no water stress. A similar result was also
confirmed by (Giuliani et al., 2017) in deficit irrigation and
partial root-zone drying techniques in processing
tomatoes cultivated under Mediterranean climate
conditions. Conversely when the soil water content was
more than 60% plants had high internode length and
stemdiameter which reflect changes in stem tissue
hydration (Giuliani et al., 2017; Klepper et al., 1971).
Furthermore, Fenglan et al. (2019) also confirmed these
results from a report of changes in cell size and tissue
hydration that, when soil water becomes lower than field
capacity near-permanent wilting point, plant growth is
usually decreased. Xu et al. (2016); Zeng et al. (2009)
and Zeng et al. (2016) reported similar effects of water
stress on dry matter of melon, other researchers also
have proven that plant growth could be decreased with
decrease soil water regardless of the complete
maintenance of turgor in the growing regions as a result of
the osmotic adjustment. Research has shown that when
tomato plants are subjected to different levels of water
stress under field conditions, vegetative growth is
compromised (Nyabundi and Hsia, 2009). According to



738 Afr. J. Agric. Res.

Table 3. Plant height, stem diameter, and internode length of five different tomato varieties under different water stress levels.

Test crop varieties

Soil water PADMA F1 COBRA F1 Symbal F1 Tythenium F1 Nkansah GH
content (FC%) Ph DS LI Ph DS LI Ph DS LI Ph DS LI Ph DS LI
(mm) (cm) (cm) (mm) (cm)

(cm) (mm) (cm) (cm) (mm) (cm) (cm) (mm) (cm) (cm)
9.4% 18.5% 81.9% 9.6% 18.0% 84.2% 9.2% 18.8% 80.0% 9.0% 18.0%
8.8° 17.9® 712* 86 173"

80-100 82.4% 9.6° 181> 83.8°
75.1%  9.0° 17.3® 749® 88 16.7® 738% 91*® 17.2%® 76.0%

70-75
60-65 727® 89° 166%™ 741® 88  166%® 732® 88 172%® 743® 86 176® 701® 83* 17.0®
50-55 63.4° 7.7° 11.3° 67.9° 7.6 11.0°  65.1° 7.6 12.0° 68.1° 7.7° 13.4°  60.7° 7.1° 11.3°

*Means with the same letters within a column are not significantly different at P = 0.05.
Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017). Plant height (Ph), stem diameter (DS), Internode length(LI).
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Figure 2. Varietal morphological percentage reduction with water stress.
Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).

such Kamrun et al. (2016) have observed and
reported no significant difference in the growth of
tomato plants subjected to different water stress

Ibrahim (1990) and Giuliani et al. (2017), a greater the main shoot became a more dominant
reduction was seen in vegetative parts with component of the total shoot biomass. However,
decreased branch production, and correspondingly this is not always true as some other investigators
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Figure 3. Effect of water stress on leaf relative water content (LRWC).
Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).
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Table 4. Effect of water stress levels on stomata conductance.

Test crop varieties

Soil water

content (FC%) PADMA F1 gl COBRA F1 gl SYMBAL F1 gl TYTHENUM F1 NKANSAH GH gl
mmol/m-s mmol/m~s mmol/m“s gl mmol/m“s mmol/m“s
80-100 201% 200% 2192 200% 1972
70-75 176° 174° 180% 176° 170°
60-65 136" 138" 142° 139" 131°¢
50-65 112° 110° 112° 115° 105°

Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).

levels. This argument was factual because the growth
reduction of a plant will occur depending on the stage of
growth, the time interval, or the duration of the stress.

It was observed from Figure 2 that the percentage
reduction in plant height, stem diameter and internode
length as affected by water stress revealed that Nkansah
GH recorded the highest % reduction in terms of stem
diameter and plant height with 21.11 and 24.10%
respectively which is significantly different at p= 0.05
probability level from the other four varieties tested
whereas Cobra F1 recorded the highest % reduction in
internode length with 40.54%. These results confirm
Harmanto et al. (2005); Liu et al., (2019) and Nyabundi
and Hsia (2009) report which indicated that vegetative
growth of tomato reduced under water stress at field
conditions.

The application of water stress influences significantly
the physiology of plant and plant water relations (LRWC,
stomata conductance, and transpiration rate). The crop
receiving the lowest water stress upheld higher plant
water status (LRWC, stomata conductance, and
transpiration rate). It is clearly shown from the result of
this experiment that plants showed a variation in leaf

relative water content, stomatal conductance, and
transpiration rate when subjected to different levels of
water stress this is represented in Figure 3 which shows
the trend of how water stress affects LRWC. The result
from this research confirmed the findings of Chen et al.
(2015); El Jaafari (2000) and Tahar et al. (2010) who
stated that the leaf relative water content decreased due
to high water stress levels and increasing resistance to
water flow in stems and leaves. Water stress also showed
a similar trend of stomatal conductance and transpiration
rate in tomatoes as shown in Table 4 and Figure 4.
These revealed how stomata conductance and
transpiration rate are affected by crop water status on the
five tomato varieties. Transpiration rate and stomatal
conductance decreased with increasing water stress. This
result was also consistent with Blanke and Cooke (2004);
Kirnak et al. (2001); Nemeskéri et al. (2015) and Osakabe
et al. (2013) who observed that prolonged water stress
decreases plant moisture content which reduces the leaf
stomata opening and transpiration rate. These authors
suggested that an increase in the ratio of leaf surface
mesophyll tissue somewhat increases crop water use
efficiency by increasing photosynthesis more than it
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Figure 4. Effect of water stress on transpiration rate.
Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017).

Table 5. Comparing the effect of water stress yield, brix, and shelf-life of tomato varieties.

Test crop varieties

Soil

Water PADMA F1 COBRA F1 Symbal F1 Tythenium F1 Nkansah GH

. Ave. Ave. Ave. Ave.
f;’gé)j)“t oo Brix A"ei dS:yes';"'fe N Brix  sheltlife MO Brix sheitlife 10" Brix sheltlife N2 Brix shelf-ife

(days) (days) (days) (days)

80-100 48 46 16 50 45 20 36 40 13 322 46 19 40 38 16
70-75 42 5.2 21 43 50 26 27 49 20 20 54 25 34 46 19
60-65 34 6.0 28 34 61 32 24 58 24 20 63 30 27 55 25
50-55 21 6.9 35 24 71 40 17 68 29 23 74 37 20 62 30

Source: Field data N.E.I.P Envirodome Greenhouse, Dawhenya Irrigation scheme-Ghana (2017)

increases transpiration. Results from this research estimated ranged from 3.8 to 7.4 of tomato fruits treatment conditions among the five tomato
revealed that total soluble salt (Brix) that was from both high-water stress and low-water stress varieties this results confirm the findings of



Lahoz et al. (2016).

Effect of water deficit on the agronomical performance
and quality of processing tomato. Water stress levels had
a highly significant impact on the total soluble salt content
of the fruits. High water stress at 50-55% soil field
capacity caused lower yield (number of fruits per pant,
size, etc.), highest soluble solids, with good shelf-life. The
fruits obtained from plants with moderate water stress
(60-65% and 70-75% soil field capacity) to high water
stress (80-100% soil field capacity) yielded good
marketable value with high soluble salts. This is a result of
less water uptake by the plant into the fruit under stress
which lowers the percentage of water in the fruit hence
higher solute concentration and firmness of fruits. This
also confirms the findings of Birhanu and Tilahun (2010),
that plants subjected to water stress decrease the number
and sizes of tomato fruits per plant. Nielsen (1994) and
Zhang et al. (2017) also reported that low water stress
resulted in a maximum yield of tomato raw product, best
viscosity, and low soluble solids. This is not different from
Zotarelli et al. (2009) who observed that tomato yield
decreases when soil field capacity is reduced by 50%.
Cantore et al. (2016) also reported that low plant water
status increases total soluble salts and the shelf life of
deficit irrigated tomato. Tomato plants subjected to severe
water stress showed a significant reduction in yield but an
increase in total soluble salts and shelf life compared to
plants with no water stress, this is because plants under
severe water stress did not receive the required amount of
water to optimize their physiological process.

Conclusion

Plant morphological, physiological characteristics, yield
(quantity and quality), and shelf-life were significantly
influenced by different water stress levels (pot soil FC%).
It can be concluded that tomato plants under 60-65 FC%
performed well in terms of plant growth, yield (quality and
guantity), and shelf-life.

This characteristic response of tomato plants to these
water stress levels can be used as a protocol for tomato
production to adequately optimize plant yield to ensure
food and water security to efficiently utilize water
resources in arid and semi-arid regions where water
sources are scarce and of high demand by other water
users.
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