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Abstract: Soilless growing systems can improve water-use efficiency, especially in closed soilless
growing systems. The main purpose of this study was to evaluate the effects of different transplanting
conditions, and determine how supplying H,O, as an oxygen source to the rhizosphere of strawberry
plants in a soilless growing system affects plant growth, fruit yield and fruit quality. Strawberry
plants (Fragaria x ananassa Duch.) cv. ‘Fortuna” were cultivated in 12 L pots filled with peat substrate,
and maintained under conditions of natural light and temperature. Treated plants were supplied
with hydrogen peroxide (H,O;) (H1) and control plants did not receive HyO, (HO). In terms of the
transplanting conditions, the plants were transplanted in October (T1), and either maintained in
a culture chamber (T2), or refrigerated (T3), for one month, before being transplanted. A completely
randomized block design with two treatment factors (transplanting conditions, and H,O; treatment)
and five replications was established. Then, we determined the fruit per plant, yield per plant
(g plant™1), fruit weight (g fruit~?!), fruit size (mm), SPAD values, crown number, crown diameter
(mm), flower number, firmness (g cm 1), pH, total soluble solid (TSS), titratable acidity (TA) and
TSS/TA. During the early crop cycle, there were not significant differences between treatment and
check for . iy s . . s
updates the transplanting conditions that significantly affected the fruit weight and fruit size, although T3
produced the highest values. During the late crop cycle, the HyO, treatment affected fruit per plant,
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Soilless growing systems are characterized by dense plants roots confined in a small
volume of growth medium, and by high rates of metabolic activity, respiration and growth.
As a consequence of the root confinement, the oxygen requirements in the rhizosphere are
particularly high. The following factors affect the concentration of O, in the rhizosphere:
aeration capacity of the growth medium [1]; volume of the growth medium [2]; irriga-
tion management [3]; concentration of oxygen in the irrigation water [4]; organic matter
content [1]; environmental temperature [5]; salinity of the growth medium [6], and the

= shape and depth of the pot [7].
Copyright: © 2021 by the authors. Hypoxic conditions in the growth medium affect growth, plant yield and the quality
Licensee. MDPI, Basel, Switzerland. o horticultural crops. This may be due to alterations in physiological and biochemical
processes such as water potential [8], chlorophyll content and hormonal balance caused by
excess ethylene [9,10].

Hypoxia induces oxidation and the death of roots [11] because of the lowered pho-
tosynthetic rate and the transport of assimilates. The reserves are also reduced by the
catabolism of carbohydrates and proteins [12]. The lack of oxygen induces anaerobic
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respiration, thus increasing the concentrations of ethanol and CO; in the rhizosphere to
toxic levels [9].

High root density, along with increased temperature and salinity, and low O, concen-
tration in the irrigation water, can lead to hypoxia in soilless growing systems [13]. High
temperatures in the growth medium, and the subsequent increased respiration rate of roots
can also cause oxygen deficiency [3,14,15].

Oxyfertigation consists of the injection of gaseous oxygen under pressure into the
irrigation water [13,16]. In physical or mechanical oxyfertigation, the system is mechani-
cally agitated, and air is injected into the nutrient solution [13]. Chemical oxyfertigation
consists of the application of peroxide-based compounds, which release oxygen during the
decomposition process [17].

Hydrogen peroxide (H,O,) as a chemical compound is often used as an oxidizer,
bleaching agent, and disinfectant. H;O,, as a product generated from human body
or enzymatic reaction, is a valuable biomarker of inflammation [18,19], some chronic
diseases [20,21], and an essential mediator in food [22], industry, medical, and environmen-
tal analysis [23,24].

It is widely accepted that H,O; is one of the most prominent signaling molecules,
due to its higher relative stability and mobility [25]. As a result, HyO; can migrate from
sites of synthesis to adjacent compartments, and even neighboring cells [26], orchestrating
multiple plant physiological processes [27]. Hydrogen peroxide root pretreatment was
found to induce salt tolerance in maize and wheat seedlings [28,29], drought tolerance in
soybean plants [30] and heat—stress tolerance in cucumber leaves [31], mainly through the
mitigation of lipid peroxidation and the regulation of the activity of antioxidant enzymes.

Under conditions of hypoxia, the use of oxyfertigation boosts the root system, en-
hances microbial activity, and improves mineral transformations and water use [16]. Hy-
drogen peroxide, as an oxygen fertilizer to improve oxygen concentration in root zone soil
and soil aeration, can effectively improve the nitrogen content in crops [32]. Oxyfertigation
can also compensate for the negative effects of compaction and salinity of the growth
medium. It can thus improve the growth medium and plant yield.

The authors of [33] have reported that, under conditions of hypoxia, tomato flowers
and fruits may fall, due to the accumulation of ethylene. Under these conditions the tomato
yield was also reduced, but the fruit diameter and weight were not affected. In tomato
crops, the concentration of O, which can affect the growth, yield and fruit quality, ranged
from 3 to 7 mg L~!. The minimum concentrations of O, required for oxyfertigation have
been reported to be 3 mg L-1[34],5.3 mg L-1[35], and 6.7 mg L-1[36].

In a soilless growing system with coir fibre as the growth medium for tomato, [33] did
not find any effect on the yield at an O, concentration of 5.5 mg L.

Similar O, thresholds have been reported for different plants: 2.7 mg L' for cucum-
ber (Cucumis sativus) [36], and 2 mg L~! for pepper (Capsicum annuum) [37]. In a soilless
growing system with perlite as the growth medium, pepper did not observe any effect on
fertirrigation parameters, height of the plant, biomass or productivity due to O, concentra-
tion (ranging from 4.2 mg O L~! to 21.8 mg O, L~1) [13]. On the other hand, also regarding
pepper, other authors have reported that yield increased in response to the application
of chemical oxifertirrigation in the nutrient solution [13]. For zucchini (Cucurbita pepo),
soybean (Glycine max) and cotton (Gossypium hirsutum) plants grown in a clay soil in which
hypoxia occurred, some authors obtained an increase in the total biomass and yield by
applying HyO in fertigation [38].

H,0; has been associated with increasing photosynthetic capacity, reducing lipid mem-
brane stability and enhancing thermo-tolerance of plants during the heat—stress period [39,40].
For example, exogenously applied H,O, has been found to activate a defensive system of
barley and maize [28]. Another report suggested that the provision of HyO, could increase
the crop yield in a soilless growing system, with coir fibre used as the growth medium for
strawberry plants [41].
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The aim of the present study was to evaluate the effects of different transplanting
conditions, and how supplying H,O, as an oxygen source to the rhizosphere of strawberry
plants in a soilless growing system would affect plant growth, fruit yield and fruit quality.

2. Materials and Methods
2.1. Experimental Site and Cropping System

The experiment was conducted in methacrylate tunnel-type greenhouses in the Rabida
Campus, Huelva University (37°12' latitude, 6°55’ longitude and 24 m above sea level),
Huelva (SW Spain), under conditions of natural light and temperature between October
2016 and June 2017. Huelva was first area of strawberry production in the European Union
and is the largest export of fresh strawberry fruit in the world. Huelva growers harvested
approximately 6355 ha, with an average yield of 54,940 kg ha~!, in the 20162017 season,
with a return of about €454 million and a crop production of 349,143 tm [42]. The cropping
season in the area is divided into two different periods: a cold, early crop season (low
temperatures and high relative humidity) between January and March (early production),
and a warmer, late crop season (high temperatures and low relative humidity) between
April and June (late production) [43].

Strawberry plants, (Fragaria x ananassa Duch.) cv. ‘Fortuna’, were cultivated in
a soilless growing system in 12 L pots filled with peat substrate (Gramoflor GmbH and
Co. KG, Vechta, Germany), held under conditions of natural light and temperature, and
watered with a drip irrigation system (1 drip per plant with a flow of 2.3 L h™1).

2.2. Experimental Design

A completely randomized block design with two factors (2 H,O; treatments x 3 trans-
planting conditions) and 5 replications was established. Treated plants were supplied with
H,0; (H1) and control plants did not receive HyO, (HO). The plants were transplanted un-
der different conditions: T1 plants were transplanted in October; T2 plants were maintained
in the culture chamber for one month before being transplanted; T3 plants were maintained
under refrigeration (4 °C) for one month before being transplanted. The nutrient solution
consisted of (mg L~1): N 271, P 702, K 586, Mg 207, S5 414, Fe 8§, Mn 4, Cu 0.3, Zn 0.8, B0.7
and Mo 0.3, in accordance with standard crop-cultivation practices [43]. The pH and EC
of the drainage were monitored weekly. The pH in water was measured by pHTestr® 30
(Oakton®, Vernon Hills, IL, USA), with a previous calibration with buffer solution pH =7,
and the EC were measured by ECTestr® 11+ (Envco®, Australia, New Zealand). Analyses
of the drainage water revealed an average EC of approximately 0.47 mS m~! and a pH of
7.02 (Figure 1).
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Figure 1. pH and CE on drained solution A = HO (without H,O,) B = H1 (with H,O,) on ‘Fortuna’
strawberry plants, recorded during the crop cycle in 2016/2017.

The H,O, was injected directly into each plant rhizosphere once a week, with a calibrated
syringe. For this purpose, 100 mL of 35% H,O, was dissolved in 5 L of distilled water, and
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11 mL (2.56 mmol H,O,) of this solution was supplied to each plant. The O, concentration
was determined using an Oxymeter (OXI 330i) fitted with a sensor (CellOx 325, Crison®,
Edmonton, Alberta, Canada). The O, concentration (mg L~1) in the drained solution was
measured weekly during the crop cycle, in treatments H1 and HO. The temperature and the
relative humidity (data no shown) were recorded every 60 min during the crop growing
period, with a temperature and humidity data logger (Watchdog A-Series Logger-A150,
Spectrum Technologies, Inc., Aurora, IL, USA).

2.3. Laboratory Measurements

Strawberry fruits were graded for size and external colour, and damaged fruits
were discarded.

Ripe fruits from the plants in each treatment were harvested throughout the experi-
mental period. Fruit per plant and the total marketable fruit yield (sum of early and late
production) between 1 January and 31 May was recorded weekly, as grams per plant and
fruit weight (g fruit—!), during the crop cycle. The early and late marketable fruit yields
were respectively recorded between 1 January and 31 March, in grams per plant. Fruit size
(mm) was determined by the maximum diameter of the equatorial section. To evaluate the
effects of the treatments/conditions, during the early and late crop cycle we determined
the chlorophyll content (SPAD values), crown number, crown diameter (mm) and flowers
number. Rapid, non-destructive measurements of leaf chlorophyll content were obtained
with of a chlorophyll meter (SPAD-502, Minolta Camera Co., Ltd., Osaka, Japan). Thus, the
chlorophyll content of young leaves on the same plant was recorded weekly, at random
times during the crop cycle, by obtaining SPAD readings with the meter. Measuring the
young leaves with SPAD guaranteed that we never measured the same leaf.

The fruit quality was also evaluated by means of firmness (g Cm’l), pH, total soluble
solid (TSS), titratable acidity (TA) and TSS/TA ratio. The firmness was evaluated in
a sub-sample of 3—4 fruits from each treatment using a portable penetrometer, and the
results were expressed in g cm~2. The TSS was determined using an automatic temperature-
compensated PR101 digital refractometer (Atago Pallette PR101; Atago Co., Itabashi-Ku,
Tokyo, Japan). TA was measured in each treatment by titrating 10 g of the pulp, plus 10 mL
of H,O with 0.1 mol L~! NaOH, up to a pH of 8.1, and it was expressed as g of citric acid
per 100 g~ ! fresh weight.

2.4. Statistical Analysis

Data were analysed by two-way ANOVA with SPSS software version 27.0 (SPSS,
IBM, Chicago, IL, USA), and when the F value was significant, means were separated
by Tukey’s multiple range test. Significance was accepted with p < 0.05. The variables
analyzed by ANOVA were fruit per plant, yield, fruit weight, fruit size, SPAD values, crow
numbers, crow diameter, flowers, firmness, pH, TSS, TA, TSS/TA ratio, O,, pH and CE on
drained solution.

3. Results and Discussion

The results suggested that the HyO; treatment affected fruit per plant and yield per
plant (g plant~!), crown number, crown diameter and TA (%); on the other hand, the
transplanting conditions affected yield per plant (g plant~1), fruit weight (g fruit~!), fruit
size (mm), old and new SPAD, crown number, crown diameter (mm), firmness (g cm™),
TSS (mg kg~ 1), TA (%) and TSS/TA ratio.

During the early crop cycle there were not significant differences between treatments
(Table 1). However, during the late crop cycle, there were significant differences between
treatments and fruit per plant, with treatment H1 producing a significant higher fruit per
plant (3.95) than the control treatment HO (2.97) (Table 2). Similarly, other authors suggested
that the application of HyO; in a soilless growing system with coir fibre as the growth
medium for the strawberries increased the number of strawberry fruits per plant [41].
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Table 1. Combined effects of hydrogen peroxide and transplanting conditions on yield per plant and growth parameters (mean + standard deviation) recorded during the early crop cycle
(before week 16) in 2016/2017 on ‘Fortuna’ strawberry plants.

Experimental Factor Fruit per Plant Yield per Plant Fruit Weight Fruit Size Old SPAD New SPAD Crown Diameter Flowers
(Numbers) (g plant-1) (g fruit-1) (mm) (Numbers) (mm) (Numbers)
Transplanting conditions (T) !

T1 (control) 2.77 £ 1.85 59.46 + 37.39 2249 £7.36b 33.14 £4.62b 52.85 +£4.27 a 38.48 £+ 5.00 1.85+£0.90 b 34.50 +15.06 b 5.13 + 4.68

T2 2.58 £1.28 58.18 4 29.74 2328 £8.24b 33.30 £ 4.68b 5213 £3.75 ab 38.83 + 5.64 1.84 £0.83b 34.59 £13.64b 3.95 + 3.64

T3 2.55 £1.97 65.54 & 40.45 28.08 = 10.48 a 3651 +£4.75a 50.41 + 6.56 b 3732+ 491 245+101a 41.04 £15.87 a 554 £5.19
Significance ns ns ** ** ** ns ** ** ns

Hydrogen peroxide (H>O;)

HO (without H,O,) 240 +£1.48 57.40 & 33.94 25.23 +9.96 3428 +5.21 5195+ 6.14 38.30 & 5.40 190+ 091b 35.78 & 14.56 4.24 £+ 4.09

H1 (with H,O,) 2.88 £1.93 65.52 & 38.22 24.34 - 8.33 34.59 & 4.60 51.64 +3.79 38.13 4 5.06 218 £098a 37.59 £15.68 5.50 & 4.94
Significance ns ns ns ns ns ns * ns ns
Interaction T x H ns ns ns ns ns * * ns ns

! Transplanting conditions: T1 plants were transplanted at the usual planting time (October); T2 plants were maintained in the culture chamber for one month before transplanting; T3 plants were maintained in
cold storage for 1 month at T = 4 °C before transplanting. Different letters indicate significant differences in mean values (Tukey’s test, p < 0.05). * Significant at p < 0.05. ** Significant at p < 0.01. ns: effect of
treatment not significant.

Table 2. Combined effects of hydrogen peroxide and transplanting conditions on yield per plant and growth parameters (mean =+ standard deviation) recorded during the late crop cycle (between
week 16 and 22) in 2016/2017 on ‘Fortuna’ strawberry plants.

Experimental Factor Fruit per Plant Yield per Plant Fruit Weight Fruit Size Old SPAD New SPAD Crown Diameter Flowers
(Numbers) (g plant—1) (g fruit-1) (mm) (Numbers) (mm) (Numbers)

Transplanting conditions (T) !

T1 (control) 333+1.97 47.70 £ 30.49 ab 15.19 £ 3.81 33.02 £ 3.97 49.93 4 4.48 36.06 + 2.51 2.77 £1.16 49.55 +£9.25b 5.00 & 3.36

T2 3.00 +2.22 42.24 4+ 3150Db 14.33 £ 4.15 31.52 +4.20 48.93 1 4.48 37.13 4+ 4.40 2.79 +1.26 5345+ 8.22Db 3.22 +3.07

T3 4.03+2.11 62.06 + 36.38 a 15.70 £ 4.91 32.80 & 4.05 49.08 4 4.08 36.66 & 3.46 344 +£1.12 60.50 = 5.95a 5.60 +5.48
Significance ns * ns ns ns ns ns ** ns

Hydrogen peroxide (H,O,)

HO (without H,O) 297 £1.55b 4248 +26.84b 15.66 + 4.33 32.31 +3.84 4943 +5.20 36.60 & 3.14 2.79 +£1.26 51.29 +10.68 b 3.47 +2.38

H1 (with H,O5) 395+253a 58.98 +37.99 a 15.08 + 4.27 32.62 +4.35 49.20 +3.74 36.62 4 3.91 3.18+1.18 5710 £ 6.18a 593 +5.21
Significance * * ns ns ns ns ns ** ns
Interaction T x H ns ns ns ns ns ns ns * ns

! Transplanting conditions: T1 plants were transplanted at the usual planting time (October); T2 plants were maintained in the culture chamber for one month before transplanting; T3 plants were maintained in
cold storage for 1 month at T = 4 °C before transplanting. Different letters indicate significant differences in mean values (Tukey’s test, p < 0.05). * Significant at p < 0.05. ** Significant at p < 0.01. ns: effect of
treatment not significant.
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During the late crop cycle there were significant differences between treatments and
yield per plant (g plant~!), with treatment H1 producing a significantly higher yield
(58.98 g plant~!) than the control treatment HO (42.48 g plant~'). Furthermore, the trans-
planting conditions also significantly affected the yield per plant, with T3 producing the
highest value (62.06 g plant—!) (Table 2). The findings were consistent with the suggestion
of other authors that said the application of H,O; in a soilless growing system with coir
fibre as the growth medium for strawberry could increase the crop yield [41]. Another
study suggested that significant increases in marketable yield were found for a commercial
greenhouse cucumber crop grown on rockwool slabs with oxyfertigation [44]. Another
report suggested that significant increases in marketable yield were found for a spring
melon grown on rockwool slabs with chemical oxygen enrichment [17]. On the other hand,
no marketable yield differences were observed by other authors for a watermelon crop
grown on perlite grow-bags [3].

During the early crop cycle the transplanting conditions also significantly affected
the fruit weight and fruit size, with T3 producing the highest values (28.08 g fruit~! and
36.51 mm, respectively) (Table 1). However, during the late crop cycle the fruit weight
and fruit size were lower than during the early crop cycle. The reduction in fruit weight
at the end of the late crop cycle was related to an increase in temperature. According to
another study, temperatures above 30 °C may cause a reduction in the size and weight
of strawberry fruits [45]. Another report suggested that the yield of strawberry cultivars
under different temperature conditions, the number of inflorescences, the number of fruits
and the average fruit weight, were all significantly lower when the day/night temperature
ratio was 30/25 °C, compared with 23/18 °C [46].

The results indicated that during the early crop cycle, crown number was affected by
treatment, with treatment H1 producing a significantly higher crown number (2.18) than
the control treatment HO (1.90). Furthermore, the transplanting conditions also significantly
affected the old SPAD, crown number and crown diameter. The treatment T3 showed the
highest values of crown number (2.45) and crown diameter (41.04 mm) (Table 1).

During the late crop cycle, the results showed that there were significant differences
between treatment and crown diameter (mm), with treatment H1 producing a significantly
higher crown diameter (57.10 mm) than the control treatment HO (51.29 mm). Further-
more, the transplanting conditions also significantly affected the crown diameter, with
T3 producing the highest value (60.50 mm) (Table 2). Low temperature lowered the cell
elongation [47]. Another report suggested that low temperature increased shoot and root
length, and this increased shoot and root growth might be due to higher cell expansion in
primed seeds of maize [48].

Our results indicated that flower number was not affected by treatment and that the
flower number did not differ in relation to the transplanting conditions (Tables 1 and 2).

Finally, the HyO, treatment did not affect the firmness, pH, TA and TSS/TA ratio
during the early crop cycle (Table 3). Another report suggested that in a greenhouse
hydroponic tomato crop, there was no effect of hydrogen peroxide treatment on the fruit
quality [49]. Significant differences in TSS and TA were observed during the early crop
cycle in relation to transplanting conditions (Table 3).

During the late crop cycle, the firmness, TSS (mg kg~!) and TA (%) were affected
by transplanting conditions (Table 4). However, the pH did not differ in relation to the
transplanting conditions. The transplanting conditions also affected the TSS/TA ratio, and
the highest values were observed in T3 plants (13.82) (Table 4).

Figure 2 shows values for pH and electrical conductivity (EC) of the nutrient solution
measured during the early and late crop cycle. The maximum values were recorded during
the late crop cycle. The highest value of EC (0.54 mS m~!) was obtained in the month
of April. For strawberry soilless cultivation, EC values of around 0.32 mS m~! at the
beginning of the bioassay were indicated to obtain high yield and fruit quality [50]. With
respect to pH values, these tended to decrease during the late crop cycle. The lowest values
were registered in May (6.6), with pH values of around 6.7 (Figure 1).
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Table 3. The combined effects of hydrogen peroxide and transplanting conditions on fruit quality parameters
(mean =+ standard deviation) recorded during the early crop cycle (between week 1 and week 15) in 2016/2017 on
‘Fortuna’ strawberry plants.

Experimental Factor Firmness pH Total Soluble Solids Titratable Acidity Total Soluble Solids TA-1
(g cm~2) (TSS) (mg kg~—1) (TA) (%)
Transplanting conditions (T) !
T1 (control) 282.13 +33.21 3.44 +0.28 6.11 £1.15 0.54 £ 0.08 b 11.18 = 2.78
T2 290.69 + 35.98 3.34+0.25 6.07 £1.20 059 £0.10b 10.38 £ 2.81
T3 294.74 + 30.78 3.34 +0.44 6.58 £1.48 0.73 £0.09 a 11.69 +2.76
Significance ns ns ns * ns
Hydrogen peroxide (H,O5)
HO (without H,O,) 289.66 + 34.85 3.36 £0.39 6.24 £143b 0.69 + 0.08 10.79 & 2.86
H1 (with H,O5) 289.61 £ 32.22 3.38 £0.27 631+1.17a 0.56 + 0.09 11.38 £2.76
Significance ns ns * ns ns
Interaction T x H ns ns ns ns ns

! Transplanting conditions: T1 plants were transplanted at the usual planting time (October); T2 plants were maintained in the culture
chamber for one month before transplanting; T3 plants were maintained in cold storage for 1 month at T = 4 °C before transplanting.
Different letters indicate significant differences in mean values (Tukey’s test, p < 0.05). * Significant at p < 0.05. ns: effect of treatment
not significant.

Table 4. The combined effects of hydrogen peroxide and transplanting conditions on fruit quality parameters (mean =+ standard
deviation) recorded during the late crop cycle (between week 16 and week 22) in 2016/2017 on ‘Fortuna’ strawberry plants.

Experimental Factor Firmness pH Total Soluble Solids Titratable Acidity Total Soluble Solids TA-1
(g cm~2) (TSS) (mg kg—1) (TA) (%)
Transplanting conditions (T) !
T1 (control) 304.11 £47.30 a 3.19+0.15 6.33 £ 1.51 ab 0.57 +0.07b 12.63 £+ 1.93 ab
T2 297.86 + 49.14 ab 3.16 £0.31 678+ 1.70a 0.62 +£0.06 a 10.94 £3.51b
T3 272.63 £ 55.58 b 3.18 £0.12 579 £143Db 049 £0.07 ¢ 13.82 £226a
Significance * ns * ** *
Hydrogen peroxide (H,O;)
HO (without H,O) 294.26 + 49.65 3.22+0.26 6.33 £ 1.65 0.59 £0.09 a 12.60 £ 2.65
H1 (with H,O,) 291.19 £ 54.26 3.14+£0.12 6.23 +1.36 0.55 £0.06 b 12.03 £ 3.06
Significance ns ns ns * ns
Interaction T x H ns ns ns ** ns

! Transplanting conditions: T1 plants were transplanted at the usual planting time (October); T2 plants were maintained in the culture
chamber for one month before transplanting; T3 plants were maintained in cold storage for 1 month at T = 4 °C before transplanting.
Different letters indicate significant differences in mean values (Tukey’s test, p < 0.05). * Significant at p < 0.05. ** Significant at v < 0.01. ns:
effect of treatment not significant.
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Figure 2. Measurements of air temperature (°C) and oxygen (mg L~!) on drained solution for H1
during the crop cycle in 2016/2017. Air temperatures were obtained hourly in the greenhouse with
a temperature and humidity data logger (Watchdog A-Series Logger-A150, Spectrum Technologies,
Inc., Aurora, IL, USA).

It was observed that when temperature increased, EC decreased. The pH also de-
creased at the end of the late crop cycle. Another study suggested that the peat had a pH
range that was slightly acidic (5.83) [50]. These values were considered acceptable for
strawberry plants in soilless growing systems. On the other hand, during the late crop
cycle the average O, concentration in the drained solution was lower than during the early
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crop cycle. The highest O, concentration was recorded during December (9.89) mg L !
and the lowest O, concentration was recorded during April (5.99) mg L~! (Figure 2).

The highest temperatures were recorded during the late crop cycle, and the highest
values were recorded during December (29 °C). The faster rate of ripening related to the
high temperatures. Another study also reported the relationship between high tempera-
tures and the rate of ripening [43], and similar effects on fruit production have previously
been reported for strawberry plants [51]. Moreover, temperature and day length may
play a key role in fruit production [52]. The O, concentration in the drained solution was
lower at the end than at the beginning of the crop cycle. Therefore, the decrease in O,
concentration during the late crop cycle may be due to the higher temperatures at this time.
High temperatures are also known to contribute to soil-oxygen deficiencies [14,15]. An-
other study reported that in a soilless growing system, with rock wool used as the growth
medium for melon (Cucumis melo), the O, concentration decreased from 4-5 mg L1 at
the beginning of the crop cycle, to 2 mg L~! at the end of the crop cycle [53]. Increased
temperature can lead to hypoxic conditions in soilless growing systems [13]. In the present
study, the O, concentration tended to decrease at the end of the crop cycle. This may have
been due to an increase in the respiration rate in the plant rhizosphere, caused by the higher
temperatures at this time. Supply of H,O; at the end of the crop cycle could compensate
for the decrease in O, concentration registered at this time.

4. Conclusions

The data presented here indicate that the application of H,O, (Treatment H1) during
the late crop cycle in a soilless growing system, with peat as the growth medium for
strawberries, affects the strawberry yield and growth parameters. However, supplying the
strawberry plants with HyO, (treatment H1) did not affect the fruit quality.

The transplanting conditions (T3) affected strawberry yield and growth parameters
during the early and late crop cycle. However, only fruit quality was affected during the
late crop cycle. The study findings suggest that the supply of HyO, may be a successful
means of increasing the concentration of O, during the late crop cycle, thus increasing
the total strawberry yield in soilless growing systems in the study area. Similarly, oxyfer-
tigation proved a good method of improving the yield and growth of strawberry crops
in the soilless growing system, providing economic and environmental benefits. These
results represent an important contribution for the improvement of soilless growing-system
use in strawberry cultivation. Further research should be carried out with different cul-
tivars to confirm the influence of HyO, treatment on strawberry plants. Considering the
crucial role of H,O, treatment in crops from a broad range of abiotic stresses, we hypothe-
sized that high-temperature-induced damage to strawberry plants can be minimized by

applying HyO»,.
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