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The effects of deficit irrigation on water use efficiency, yield and quality of drip-irrigated

tomatoes grown under field conditions in Zimbabwe
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Water availability in the root zone directly affects the yield and quality of tomatoes yet in most cases in sub-
Saharan Africa water is either expensive or scarce. It is therefore important to establish and utilise suitable
irrigation strategies in order to produce the crop in a sustainable way. In this study the effect of conventional
and deficit irrigation treatments on yield, fruit quality and water use efficiency (WUE) were determined. Four
trials were conducted at the University of Zimbabwe Farm from 2014-2017 with four treatments per trial:
T1=100%, T2 = 80%, T3 = 60%, and T4 = 50% of crop water requirements (ET,). Treatments had equal number
of plants per trial with an in-row plant spacing of 0.3 m and 0.5 m between adjacent rows. ET_ was determined
daily for each treatment and the corresponding volume applied through one drip emitter per plant. Fruits
from each treatment were gathered while ripening and the total yield obtained. WUE was calculated by
dividing the total fresh yield by total irrigation water applied. Maximum yield was obtained where 100% ET,
was applied, with no significant difference between yield of plants at 80% and 60% ET,, except in 2016. Yield
decreased with 50% ET. in 2014, 2015, and 2017 with no significant difference in yield between 60% and 50%
ET. treatments in 2016. The 2015 season recorded the highest yield when compared to other trials showing
that we can save 40% of water resulting in high WUE with minimum loss in yield. Deficit irrigation reduced
fruit water but increased fruit soluble solids (°brix), vitamin C and fruit acid concentrations. Firmness was best
when 60% ET_ was applied. These results show that deficit irrigation is feasible for crop water management
options for the production of high-quality field-grown tomatoes without major yield reductions.

INTRODUCTION

A significant challenge for agriculture is to provide the world’s growing population with a sustainable
and secure supply of sufficient, safe, nutritious food that meets dietary needs and food preferences
for an active and healthy life (Taisheng et al., 2015). Tomatoes are one of the most consumed
vegetables worldwide because of their high nutritional value (Opiyo and Ying, 2005). It is a rich
source of minerals, vitamins, organic acids, essential amino acids and antioxidants (Toor et al., 2006;
Savi¢ et al., 2008; Erba et al., 2013). Tomatoes are considered a ‘super food” because they are nutrient
dense but also are a naturally low-calorie food. Firstly, 110 g tomato supplies about one-third of
the recommended daily allowance for vitamin C, and contains beta-carotene, potassium, folic acid,
vitamin B2, iron, and fibre. In recent years, studies have suggested that since tomatoes are the leading
source of lycopene, (a powerful antioxidant), their consumption may lower the risk of many forms
of cancer and protects against oxidative damage to lipids, proteins, and DNA in the human body (De
Pascale et al., 2001; Massot et al., 2010; Al-Amri, 2013). Tomatoes do not lose their health benefits
as they are processed and cooked. In fact, lycopene in cooked and processed tomatoes (sauce, paste,
salsa, canned tomatoes) is more easily absorbed than from fresh tomatoes. This fact, along with its
popularity as a high value monetary crop, makes the crop a potential leading nutritional source in
the Zimbabwean diet, while also offering great potential to create employment opportunities and
increase the income of participants involved in the tomato value chain through commercialization.

Water plays a crucial role in determining the yield and quality of tomato and good productivity
requires availability of water throughout the cycle, as the crop is very sensitive to water stress (Lopes
et al,, 2005). The seasonal water requirement for tomatoes is 300-600 mm (Schwah et al., 1993). In
Zimbabwe the crop is cultivated where climatic conditions are favourable, and to a large extent by
smallholder farmers under rain-fed production systems. However, the agriculture sector in Zimbabwe
has been affected by the increasing scarcity of water due to global climate change, induced variability
in rainfall patterns, the increasing competition for water resources between agriculture and other
sectors and rising cost of water utilization (Brown et al., 2012). Adoption of water-saving strategies and
new innovations to produce the best fruit quality and yield with the use of minimum amounts of water
is therefore needed. Amongst the various irrigation practices, deficit irrigation seems to have the most
important role for crop production under water shortage. Deficit irrigation, defined as the application
of water below full crop-water requirements (Ferreres et al., 2007), is one strategy that has been
suggested to have potential for maintaining crop yields and total soluble solids (TSS) using less water,
and hence maximizing water use efficiency (WUE, kg/m?), defined as the crop evapotranspiration
(ET,) divided by the total amount of water supplied through irrigation and rainfall, i.e., irrigation
water productivity = yield/irrigation applied (Ferndndez et al., 2020). Deficit irrigation can be used for
tomato without reduction in yield and also improves fruit quality parameters, such as the content of
sugar and antioxidant components (Favati et al., 2009; Monte et al., 2013).
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When deficit irrigation is properly applied, the technique shows a
greater potential to increase WUE, especially in areas of low water
availability (Meric et al., 2011; Lorite et al., 2007). Furthermore,
Ripoll et al. (2014) noted that temporary stresses from water
shortage through deficit irrigation applied near fruit ripening
stage had the greatest positive influence on glucose and fructose
accumulation in tomato fruits. Appropriate deficit irrigation has
also been found to increase contents of lycopene, vitamin C and
beta-carotenoid in tomato fruits (Favati et al., 2009; Patané and
Cosentino, 2010). Research has shown that when deficit irrigation
compared to full or sprinkler irrigation is applied together with
N-fertilizer in solution, an increase in total soluble solids (TSS)
in tomato is observed (Wang et al., 2015) and the drip irrigation
favours more uniform water distribution in the tomato plant,
increased plant yield and reduced evapotranspiration (Ozbahce and
Tari, 2010). In addition, the pumping under drip irrigation unlike
full or sprinkler irrigation requires less energy and potentially
minimizes negative irrigation impacts on soil such as waterlogging
or erosion and facilitates the use of fertigation (Nascimento et al.,
2009). Grewal et al. (1990) showed that the difference between soil
moisture held at field capacity and the wilting point (total available
soil water), governs amongst other factors, the growth of a plant.
Hence knowledge of the soil water content at field capacity and
wilting point becomes important for the assessment of plant water
requirements, irrigation scheduling and the prediction of crop
responses to irrigation (Grewal et al., 1990).

In this study the effect of deficit irrigation versus conventional
irrigation on crop water stress, fruit growth, yield, fruit quality
and WUE were determined for a drip-irrigated tomato crop
under field conditions in Zimbabwe.
MATERIALS AND METHODS

Experimental site

Thefield trials were conducted from 2014 to 2017 at the University of
Zimbabwe Farm Teaching and Research Site (Thornpark Station),

Table 1. Climate of Harare (1981-2018)

located 20 km north of Harare at coordinates 17° 42° S and
31° 04" E and 1 479 m asl. The site falls into Natural Region Ila
of the agro-ecological zones of Zimbabwe and receives a mean
annual rainfall of 800-1 000 mm (Mhizha, 2010). Data from
the Zimbabwe Meteorological Services Department for Harare
(37 years from 1981-2018 (ZMSD, 2018)) gives a mean monthly
minimum temperature of 7°C for July and June, and mean
monthly maximum temperature of 28°C for November (Table 1).
Rainfall occurs mainly from November to March. The other
months are relatively dry.

The land is relatively flat with slopes of 2% or less. It has deep
to moderately deep well-drained red soils. The soil type is coarse
sandy clay loam and has a water-holding capacity of about
704mm up to a depth of 0.8 m. The total available water is 12%
(v/v) (Mhizha et al., 2014).

Rainfall and temperature pattern during the trial period

From an automatic weather station at the experimental site,
analysis of the data for the 4 years from 2014-2017 showed
the trends in the mean monthly maximum and minimum
temperatures, monthly average rainfall, the growing degree days
for the month and the mean monthly evapotranspiration (ET,)
(Table 2).

Planting material

The plants selected for the trials were commercial tomato
(Solanum lycopersicum L.) of the variety Galina for Trials 1, 3
and 4, and the variety Shanty for Trial 2 (Table 3). The crops were
planted with a spacing of 0.3 m between plants and 0.5 m between
TOWsS.

Treatments and irrigation scheduling

Four irrigation trials were applied with 4 treatments in each trial
for 2014, 2015, 2016 and 2017 (Table 3). Each treatment had an
equal number of plants per trial, but the total number of plants

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Annual
Total rainfall (mm) 200 170 100 45 5 0 0 0 0 10 70 200 800
Mean temp. (°C) 20 20 20 18 16 15 14 16 20 22 21 21 19
Ave. max temp. (°C) 26 26 26 25 23 21 20 23 27 27 28 26 25
Ave. min. temp. (°C) 16 16 15 13 10 8 7 9 2 14 16 16 13
Adapted from: Zimbabwe Meteorological Services Department (ZMSD), 2018
Table 2. Climate data for the experimental site during trial period
Month Year
2014 2015 2016 2017

T... T.n Rain ET, GDs T, T, Rain ET, GDs T,, T,, Rain ET, GDs T,, T., Rain ET, GDs

(°C) (°Q) (mm) (mm) (GDD) (°C) (°C) (mm) (mm) (GDD) (°C) (°C) (mm) (mm) (GDD) (°C) (°C) (mm) (mm) (GDD)
Apr 256 12 349 0.2 16 269 12 245 05 18
May 262 9 1.3 0.3 14 262 9 2.8 0.2 14
Jun 243 6 2.2 0.2 9 263 6 0.6 0.1 13
Jul 231 6 0.1 4.2 10 233 6 0.8 3.1 13
Aug 219 7 0.6 5.8 10 228 7 0.6 34 12
Sep 241 -- 0 4.3 21 23.6 311 44 4.4 15
Oct 71 131 0 4.3 22 273 16.2 43 4.3 18
Nov 299 56 1 39 28 29.1 141 09 3.9 17
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Table 3. A summary of the four trials indicating the variety used for each, number of plants, and the duration of each

Trial 1 2 3 4

Variety Galina Shanty Galina Galina
Seedlings transplanted 4000 4000 600 400
Transplanting to end of trial 25 Apr to 26 Aug 2014 22 Aprto 15 Aug 2015 1 Oct to 23 Dec 2016 12 Sept to 20 Dec 2017

Table 4. Values of the crop factor (K.) for tomato at various growth stages (FAO, 1986)

Initial stage Crop developmental stage Mid-season stage Late season stage
K. 0.45 0.75 115 0.8
Duration (days) 15 40 60 25

Table 5. Summary of the meteorological sensors used to measure environmental variables and their accuracy as stated by the manufacturers

Parameter Measurement Sensor Sensor type Accuracy Manufacturer
height or model

Air temperature (°C) and 1.5 m above ground  Temperature and humidity HMP45C +0.2°Cand = 5% Vaisala, UK

relative humidity (%) probe with radiation shield

Solar radiation (W/m?) 2 m above ground Pyranometer CM3 +5% Kipp and Zonen, Delft,
The Netherlands

Net radiation (W/m?) 2 m above ground Net radiometer Q-7.1 + 10 W/m? Kipp and Zonen, Delft,
The Netherlands

Wind speed (m/s) 2 m above ground Wind speed (CSL) A100R +0.1 m/s Vector Instruments

Wind direction (°) 2 m above ground Wind direction (CSL) W200P +2° Vector Instruments

Rainfall (mm) 1.3 m above ground Tipping bucket magnetic TE525WS +1.0% Texas Electronics

reed switch

differed for each trial in successive years. This was due to a number
of problems encountered during trials, such as disease outbreak,
and some of the trials could not be completed. Comparisons were
therefore only done between treatments and not between trials
for different years. A minimum of 3 replicates per irrigation
treatment were done in order to enable statistical analysis for
significant differences.

Treatments received different amounts of irrigation, based on the
percentage of crop water requirement (ET.), namely, Treatment
1: 100% ET. (full irrigation), Treatment 2: 80% ET, Treatment 3:
60% ET,, Treatment 4: 50% ET.. A minimum of 3 replications per
treatment was done. The crop water requirements are defined as
the depth of water needed to meet the water loss from the ET, in
mm/day (Brouwer and Heibloem, 1986).

The estimation of crop water requirements for the day during
growing seasons was determined from the crop evapotranspiration
(ET.) that was calculated from reference evapotranspiration (ET,)
and the recommended crop coefficient for tomato (Allen et al.,
1998; Brouwer and Heibloem, 1986; Doorenbos and Pruitt, 1977).
The FAO 56 Penman-Monteith equation was used to calculate
ET,. The ET, was multiplied by the published crop coefficient (K_)
for tomato crops (Table 4) to determine the daily ET.:

ET. (mm/day) = ET, x K, (1)

The ET, was computed using standard climatological records
of solar radiation, air temperature, humidity and wind speed
measured by an automatic weather station (AWS) set up in
the centre of an open space at the experimental site. The AWS
components included a rain gauge, pyranometer, wind speed and
direction, and temperature and relative humidity sensors (Table 5).
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All the measurements were automatically recorded by the data
logger (model CR23X, Campbell Scientific Ltd., Shepshed, UK)
every 5 s and averaged over 30 min. At the beginning of each day
the crop water requirement of the previous day determined for
each treatment was given according to each treatment and applied
using a single dripper line with emitters spaced 30 cm apart and
with one drip emitter per plant.

A customised drip irrigation system was used with one drip
emitter per plant. The emitter rate was obtained for each treatment
by placing four 1 000 mL measuring cylinders at random along
the length of each drip line and determining the volume obtained
after 1 h. All water valves were opened at once and the drip rate
was determined for 1 h, then 3 treatments were closed and 1 was
left open and, finally, 2 treatments were closed and the other 2
left open as the drip rate was determined. The emitter rate was
used to determine the time needed to give each treatment its crop
water requirement. The drip emitter rate from the manufacturer’s
specifications was 1.7 L/h on a horizontal piece of land, but the
average emitter rates for Treatments 1 and 2 were 1.3 and 1.2 L/h,
respectively, due to the slope of the land, and Treatments 3 and 4
had lower drip rates, of 1.1 and 0.9 L/h, respectively, due to the
land elevation, as water was pushing against gravity.

Irrigation and fertilization management was done through
manual stop valves on each drip line and a fertigation station
using electronic irrigation valves. Water was drawn from a 100 m
deep borehole into a 1 000 L tank using a 100 m 3-phase borehole
submersible high pressure water pump. From the 1 000 L tank,
water would pass through a domestic water meter placed in the
main irrigation line per treatment, where a record of the amount
of water used for irrigation would be obtained in cubic metres.
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Agronomic practices and disease management

Agronomic practices and pest and disease management were
done according to grower recommendations (Tables 6 and 7).

From transplant to flowering, copper oxychloride and Dithane
M-45 were alternated. This was repeated on a weekly basis until
harvest. As a preventative measure before the start of a trial,
copper oxychloride and Dithane M-45 were used.

Plant growth, yield and fruit quality

From transplant to harvest, the leaf to air temperature difference,
canopy, shoot and fruit growth were monitored, whereas fruit
mass was measured at harvest.

Canopy temperatures were measured with fine chromel-alumel
thermocouples (Type K) and copper-constantan thermocouples
(Type T) 0.2 mm in diameter attached to the ‘under’ side of the leaf
by plastic paper clips. The thermocouples were calibrated against
a platinum resistance thermometer in a constant temperature
water bath model YCW-04M (11 L) manufactured by Gemmy
Industrial Corporation and a Grant water bath type LTD8G from
Thomas Scientific, over a temperature range of 2°C to 95°C at 5°C
intervals. The measurements were performed randomly on 10
plants within each treatment at a height of about 300 mm from
the soil on 3 leaves for each plant. The measurements obtained for
each leaf were then used to calculate the average for each treatment
to obtain the canopy to air temperature difference (CATD; T.—T,).
All measurements were automatically recorded by a datalogger
(model CR23X, Campbell Scientific Ltd., Shepshed, UK) every
5 sz and averaged over 30 min.

Canopy and shoot growth were monitored visually from
photographs taken on a weekly basis on the trial and comparisons
done to estimate the growth rate between the treatments. Fruit
diameter for tomato (Galina variety) was measured once every
week for 10 fruits tagged per treatment using digital Vernier
callipers, and this was done for all of the trials. During the ripening
period, the fruits were harvested from each treatment and the mass
of fruit and total yield was recorded using an electronic balance
with an accuracy of 0.01 decimal places. The WUE was calculated
by dividing the total fresh yield by total water use or effective

irrigation water applied, which is the amount of water that reaches
the root zone and is available to the plant (Yang et al., 2017) and
was calculated using Eq. 2:

WUE = crop yield (kg)/water consumption in m? (2)

Several fruit maturity indicators were determined at harvest.
Twenty tomatoes were randomly selected from each treatment,
placed in cheesecloth and pressed to obtain juice for chemical
quality measurements. This process was carried out 3 times such
that 3 replicates for each treatment were measured. The pH,
vitamin C concentration, total soluble solids and total acidity
of the juice was then determined according to the following
procedures:

e pH: the meter was first calibrated with buffer solutions of
pH 4 and pH 7. After calibration, readings were then taken.

e Vitamin C: volume of the tomato juice required to
decolorize a solution of DCPIP was measured and the results
calibrated by comparison with a known concentration of
vitamin C.

o Total soluble solids (°Brix): Measurements were taken
with a hand refractometer (N1, Atago, Tokyo, Japan). The
refractometer was calibrated by placing a drop of distilled
water on the rectangular area and closing it with a cover.
A dark area was visible on the scale inside the eyepiece.
The calibration screw was turned until the shadow fell on
the zero mark. The juice extracted was filtered and a drop
placed on the rectangular area and measurements were
taken through a graduated eyepiece and read off as °Brix.

o  Total acidity: was determined by titrating a known volume
of tomato juice with 0.1 N NaOH (sodium hydroxide) to
an end point of pH = 8.2, as indicated by phenolphthalein
indicator. NaOH is added to the juice until the pH changes
to 8.2. The millilitres of NaOH needed was then used to
calculate the total acidity.

o  Firmness: Random samples of uniformsize and temperature
were selected and measurements were obtained using a
5 mm flat-tipped probe. The probe is applied perpendicularly
at 10 mm/s to the end of each fruit, using a rheometer
(LF Plus, Lloyd Instruments Ltd., England). Firmness
results are reported as the mean force (N) of penetration.

Table 6. Type and total amount of fertilisers applied in solution with the irrigation water

Stage Fertiliser Quantity (per week per plant)
At transplanting Compound C (NPK: 14:6:20) 153 g
Week 1-5 Quickstart (NPK :10:46:10) 1549
Week 6-11 Quickgrow (NPK:20:10:20) 1.7 g
Week 12-32 Bestbloom (NPK :15:5:35) 209
Week 7-32 Calcium nitrate 05g

Table 7. Chemical spraying programme used to control pests and diseases

Stage Chemical name Rate Reason for application
Transplanting to harvesting Copper oxychloride 2g/L Prevention of fungal and bacterial disease
Transplanting to harvesting Dithane M45 2g/L Prevention of fungal and bacterial disease
After scouting for white flies Confidor 500 mL/ha Prevention of white flies

After scouting for red spider mite or Abamectin/malathion/ 1L/ha Control of red spider mite

from Week 7 at 3-week intervals methamidophos

Wilts appearing when soil has moisture Benomyl 2 kg/ha Prevention of wilts

Leaf eaters and bollworms Decis/carbaryl 500 g/ha Control of sap-sucking leaf eaters
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RESULTS AND DISCUSSION
Crop water stress

Figures 1, 2 and 3 show the canopy to air temperature difference
(CATD) for 2014, 2015 and 2016 on selected days picked at
random. Shoot growth and canopy development corresponded
to water deficits and there was minimal development at 60%
and 50% ET, showing that at higher deficits vegetative growth is

reduced, whilst there is an increase in fruit size and fruit number,
as confirmed by Prichard et al. (2010), on the basis of successful
deficit irrigation.

The CATD in Fig. 3 shows that deficits at 50% and 60% ET,
exhibited a high rate of stress in contrast to treatments at 80% and
100% ET,, which showed minimum stress based on their response
during the day and night, and this is similar to findings by Erdem
et al. (2006).
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Figure 1. Canopy to air temperature difference (CATD) for 29 May 2014
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Figures 4 to 6 show variations in vapour pressure deficit (VPD)
plotted against CATD for different days: a cloudy day (Fig. 4), a
partly cloudy day (Fig. 5) and a clear day (Fig. 6). Series 1 is CATD
and Series 2 is VPD.

A plot of VPD versus CATD shows that the plants were highly
stressed during a clear day; less stress was experienced on a partly
cloudy day and no water stress on a cloudy day. Values of VPD
greater than 1.5 kPa showed the potential of air for holding more
water vapour, enabling plants to transpire more, but at very high
VPD of between 3.0 kPa and 7.0 kPa the tomato plant displayed
poor growth.

But on a typical hot day, as shown in Fig. 7, there is high
evapotranspiration, as shown by a high VPD with a maximum of
4.92 kPa, with irradiance at 1.32 kW/m? being obtained towards
midday and values of CATD at —8.71°C obtained towards midday.
The plants appeared to be highly stressed and transpiration almost
came to standstill for 50% and 60% CWR. Iraqi et al. (1995)
reported that a VPD of 0.8 kPa during the day and night increased
photosynthetic rates and tomato fruit yields compared to plants
grown with a VPD of 0.5 kPa.

Crop water stress derived from CATD (T.-T,), versus the VPD,
was found to be a promising tool for quantifying crop water stress

and hence the amount of water to be applied for irrigation (Jackson
et al., 1981; Idso, 1982). The crop water stress is determined by
empirical methods based on relating the leaf-air temperature
difference (T.-T,) to the air vapour pressure deficit to develop a
non-water-stressed baseline equation and consequently the crop
water stress index (CWSI). The CWSI is calculated using Eq. 3:

CSWI = (T, - T,)/(T, - T,) 3)

where T, is the canopy temperature, T, is the minimum
temperature (air temperature under well-watered conditions), T,
is the maximum temperature (air temperature under completely

stressed conditions.

To determine amount of water to be applied based on the CWSI,
a critical threshold is established. This threshold represents the
desired level of water stress that the crop can tolerate before
experiencing significant yield reductions. If the CWSI exceeds the
critical threshold, then the crop is under stress and, conversely, if
it is below the threshold then the crop is well watered. Using the
non-water-stressed baseline on data collected frequently through
the growing season, CWSI values may provide a valuable tool
for monitoring water status and planning irrigation scheduling,
and hence farmers can make informed decisions on optimising
irrigation scheduling and make use of water efficiently.
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Figure 4. Vapour pressure deficit (VPD) and canopy to air temperature difference (CATD) for a cloudy day. Series 1 is CATD and Series 2 is VPD.
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Therefore, CATD could be used as a guide to irrigation
scheduling through the use of crop water stress index, which
is a measure of the relative transpiration rate occurring for a
plant at the time of measurement, and is calculated by using
a measure of the canopy temperature of a plant (T.) and the
VPD (Jackson et al., 1981). The relationship between CATD
(T.~T,) and VPD is then used to develop a non-stressed baseline
equation and consequently the crop water stress index (CWSI)
(Alderfasi et al., 2001).

Fruit growth measurements

The average fruit size obtained (Fig. 8) in all trials was similar
for Treatments 1, 2 and 3 but with variation in Treatment 4.
Highest fruit growth was shown at 100% ET_ and treatments
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mperature difference (CATD) on a hot day

with deficit at 50% had the smallest fruit size. Deficits at 60%
and 80% showed no significant difference in fruit size. The trial
for 2016 showed slight deviations in growth, as shown by their
coefficient of determination, but the 2015 and 2017 trials showed
similar patterns for all their treatments. For the 2014 trial there
was no significant difference between the results of the four
treatments. Results for fruit growth showed maximal growth after
63 days from transplant in all treatments. Fruit growth at 100%
ET. would be best for the consumer market with a preference for
large size but the fruit with a smaller diameter at 50% may well be
considered for the juice industry.

There was no significant difference in fruit growth for all the trials
in 2014 according to Duncan’s multiple range test (*) (p < 0.05)
and the error bars showing overlapping standard errors..
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Figure 8. Fruit growth measurements (mm) in (a) 2014; (b) 2015; (c) 2016 and (d) 2017. The measurements were done for the tomato seedlings of
Galina variety except for 2015 were Shanty variety was used. The trials covered the summer and winter season.

Irrigation water applied

Seasonal cumulative water use (m’/ha) for each treatment from
transplanting until late season stage of harvesting is shown in
Table 8. The values tally with the seasonal volumes obtained by
Favati et al. (2009), with values ranging from 2 155 to 4 645 m*/ha,
and by Jintao et al. (2019), with values ranging from 106 to
203 cm?/single fruit. Due to the number of plants per treatment
which differed between trials and the disease outbreaks the
amount of water used for irrigation was not the same.

Yield

Table 9 shows the yield for the different treatments per trial. The
fruit yield obtained ranged from 10.4 to 78.5 t/ha and was similar
to values obtained by Favati et al. (2009), which ranged from
22.22 to 76.32 t/ha. Maximum yield was obtained where 100%
ET. was applied, with no significant difference between yield
of plants where 80% and 60% ET. was applied, except in 2016.
A further reduction in yield occurred where irrigation was
applied at 50% ET. in 2014, 2015 and 2017, with no significant
difference between the 60% and —50% ET. treatments in 2016.
The 2015 season had the highest yield when compared to other
trials. This could have been attributed to the tomato variety
(Shanty) which was used in 2015, whereas Galina was used for
the other three trials.

Fruit quality parameters

With regards to the effect of different irrigation treatments
on vitamin C content, no significant difference was observed
between 50% and 80%, and with values at 60% and 100% not
being significantly different but being lower than the vitamin C
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content for 50% and 80% (Table 10). Comparison of vitamin C for
all the trials (Table 10) showed that vitamin C increases with an
increase in water stress; other studies have shown that vitamin C
increased as a result of soil water depletion, even if it seems to be
cultivar dependent (Dumas et al., 2003; Mahajan and Singh, 2006;
Mitchell et al., 1991b; Favati et al., 2009). The vitamin C content
of tomatoes depends on the season, the nutrients available and
the environment, and the mean values currently recorded range
from 150 to 230 mg/kg (Dumas et al., 2003). There appears to be
a relationship between high vitamin C levels and low crop water
use (Favati et al., 2009).

The quality parameters (Table 10) tally well with those obtained
by Favati et al. (2009), with the minor variations due to differences
in the tomato variety.

Sugar accumulation (°Brix) dropped at Treatment 2, (80% deficit
irrigation) then increased relative to increase in deficit irrigation.
There was no significant difference in pH for all treatments,
although there were minor differences for treatments at 50%
and 60% as compared to 100% and 80% ET.. Some authors have
also observed that there are no significant differences for pH
in tomatoes under water deficit and well irrigated conditions
(Tuzel et al., 1994; Favati et al., 2009).

Total acidity was observed to increase with an increase in
water deficit (Table 10) and Favati et al. (2009) reported that
generally there is an inverse relationship between pH and total
acidity, although sometimes this relationship is imprecise
(Garcia and Barret 2006a).

Severe deficit irrigation (50% ET.) increased the firmness of
tomato fruit compared to mild deficit irrigation (80% ET.). There
was no significant difference for deficit at 100% and 80%.
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Table 8. The seasonal total amount of water used in each treatment

Trial Treatment
100% ET, 80%ET, 60%ET, 50% ET,
depth (mm) depth (mm) depth (mm) depth (mm)
2014 392.2 388.7 307.0 353.3
2015 616.6 511.0 516.9 493.5
2016 261.8 209.4 157.0 130.9
2017 250.6 200.4 150.3 125.3

Table 9. Fruit yield for the irrigation treatments during four trials. Means marked with the same letter within each row are not significantly

different by Duncan’s multiple range test (p < 0.05)

Trial Fruityield (t/ha)

100% ET, 80% ET, 60% ET, 50% ET,
2014 29.0** 28.2° 28.2° 25.4¢
2015 78.5° 53.3° 47.4° 39.3¢
2016 68.0° 58.0° 50.4¢ 45.6¢
2017 39.32 23.1° 17.6° 10.4¢

Table 10. Average fruit quality measurements for the four treatments (2014). Means marked with the same letter within each row are not

significantly different by Duncan’s multiple range test (p < 0.05).

Fruit quality Treatment 1 (100%) Treatment 2 (80%) Treatment 3 (60%) Treatment 4 (50%)
pH 3.61° 3.61° 3.59° 3.55°

°Brix 4.00° 3.00° 4.39° 4.192

Total acidity (mg/100 g) 1.39° 1.42° 1.99° 2.09°
Firmness (shear) 0.66° 0.67° 0.91° 1.11¢
Vitamin C (mg/mL) 21.30° 24.60° 22.10° 24.40°

Table 11. Water use efficiency (WUE, kg/m?, average of 3 replicates) for the four irrigation treatments during four trials. Each trial was run for one

season.
Trial Water use efficiency (kg/m?)
100% ET, 80% ET, 60% ET, 50% ET,
2014 25.42 29.20 29.8° 27.4¢
2015 38.8° 33.0° 39.2° 38.9?
2016 39.12 39.2° 40.0° 40.0°
2017 27.1° 21.2° 36.7° 29.7¢

Means marked with the same letter within each row are not significantly different by Duncan’s multiple range test (p < 0.05)

Water use efficiency

Table 11 shows the WUE for the different treatments in each trial.
The highest WUE was obtained at 60% ET, for all the trials, with
no significant difference at 80% ET, and the lowest WUE was at
100% ET.. Seasons 2014 and 2017 had similar trends in significant
differences, with no differences in 2016. The trend could have
resulted from the outbreak of blight in the 2015 and 2016 seasons,
and also the response of deficit irrigation to the environmental
conditions of the particular year. These results tally with those
obtained by Ahmed et al. (2015); Zegbe-Dominguez et al. (2006)
and Saleh and Ozawa (2006) showing WUE of tomato reaching
up to 65 kg/m>. Castilla (1996) reported WUE values of 34 kg/m’
for tomato production and Tuzel et al. (1994) reported WUE
values ranging from 21.05 to 62.46 kg/m’.

CONCLUSIONS

Deficit irrigation treatments promoted an increase in WUE
as compared with full irrigation and the differences between

Water SA 49(4) 363373 / Oct 2023
https://doi.org/10.17159/wsa/2023.v49.i4.3935

treatments were more marked under deficit conditions. For WUE,
deficit at 60% ET. for all seasons would be an ideal for farmers
to implement, and 50% would be good for income saving. Deficit
irrigation showed that it could have positive effects on WUE, such as
reduced water consumption and improved crop water productivity,
and hence an improvement in the amount of agricultural output
produced per unit of water consumed. There is stimulation of
enhanced root development and stomatal control which reduces
water loss through transpiration. While deficit irrigation may lead
to areduction in crop yields compared to full irrigation, it optimises
yield per unit of water consumed and hence WUE can be achieved
without a significant loss in yield and fruit quality. While yield of
tomato is slightly affected by the irrigation treatments, the yield
was higher for the treatment where the quantity of water applied
was the greatest, i.e. 100% ET_, but proved to be costly in terms of
the use of more water. Although deficit irrigation did not result
in many significant differences in fruit quality parameters, it had
some effects on pH, total acidity, vitamin C, firmness and Brix. An
overview of the different approaches aimed at increasing vitamin C
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level, which include bio-engineering, genotype selection and, in
this research, ‘water stress’ has shown that plants can enhance
vitamin C synthesis as part of their defence mechanism. WUE is
possible and with a tolerable loss of yield it can be attained without
spending much water. With treatments from 60-80% ET, a good
yield of up to 23.1 t/ha can be obtained with WUE values of
40.0 kg/m’ being possible. This study has shown that irrigation at a
reduced rate (60-80% ET), produced beneficial effects on tomato
fruit quality and yield, mostly in terms of total soluble solids, with
interesting implications for the industry as the controlled water
stress can enhance the concentration of desirable compounds such
as sugars and antioxidants, leading to improved flavour profiles
and nutritional value.
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