Oxyfertigation of a Greenhouse Melon Crop Grown in Rockwool Slabs
In a Mediterranean Area

R. Acufia, I. Gil and S. Bonachela J.J. Magan

Departamento de Produccién Vegetal Estacion Experimental de Cajamar
Universidad de Almeria “Las Palmerillas”

Almeria, Spain Almeria, Spain

Keywords: Cucumis melo, fruit yield, oxygen deficiency, oxygen-enrichment, soilless
culture, substrate.

Abstract

Even well-aerated substrate crops may suffer oxygen deficiency as the result
of factors, such as high root respiration rates, high crop water demands and high
substrate temperatures. Several methods of nutrient solution oxygen-enrichment
have been used to improve oxygen supply to the roots in hydroponic and substrate
crops. The injection of pure, pressurized oxygen gas to the nutrient solution above
saturation levels, known as oxyfertigation, has been commercially adapted for use in
horticultural greenhouses on the Spanish Mediterranean coast. This work analyses
the behaviour of a melon crop (Cucumis melo L.), one of the main greenhouse spring
crops on the Almeria coast, grown in rockwool slabs (open system) in a typical
“Parral” type greenhouse under two oxygen treatments: one with an oxygen-
enriched nutrient solution (T+) and one without (T-). The oxygen was supplied with
an oxyfertigation facility.

Crop management was the same for both oxygen treatments and no
differences were found between them in the irrigation and fertigation parameters
evaluated: volume, electrical conductivity and pH of applied and drainage nutrient
solutions. The dissolved oxygen concentration ([O2]) in the nutrient solution was
higher for the T+ than for the T- treatment throughout the whole crop cycle
(average seasonal values of 20.1 and 4.2 mg L™, respectively). However, the [O,] in
the nutrient solution extracted from rockwool slabs was similar for both treatments,
although slightly higher for the T+ treatment during mid-cycle when the fruit
number was set. In both treatments, the [O;] in the substrate solution was below 3
mg L™ during mid and final cycle, especially for the T- treatment.

No significant differences were found between oxygen treatments for the final
aerial biomass and its partitioning, although the biomass was slightly higher for the
T+ treatment. However, the final yield of marketable and first category fruits was
significantly higher for the oxygen-enriched treatment (P<0.05), which was
associated to a higher marketable fruit number. Mean values of final marketable
production were 6.1 and 5.7 kg m™ for the T+ and T- treatments, respectively.

INTRODUCTION

The Mediterranean coast of South-east Spain, mostly the Almeria coast,
constitutes the largest greenhouse area in Europe, with approximately 35,000 ha of
greenhouses dedicated to intensive horticultural production. In this area, substrate
cultures, mostly open systems, are being used increasingly, and rockwool culture in slabs



is one of the main commercial soilless systems (Pérez-Parra and Céspedes, 2001).
Moreover, melon is one of the main greenhouse spring crops on the Almeria coast.

The main advantage of most commercial substrates, such as rockwool and perlite,
over soil cultivation is their ability to provide sufficient levels of water, nutrients and
oxygen to the roots (Raviv et al., 2002). Although most substrates are well aerated, events
of oxygen deficiency could occur as the result of various factors (Schréder and Leith,
2002; Raviv et al., 2004), especially in periods or areas where high root respiration rates
associated with high growth rates coincide with high substrate temperatures, which
increase root respiration rates and decrease dissolved oxygen concentration in the
substrate solution (Bonachela et al., 2005). Lower growth, productivity or quality of
substrate-grown horticultural crops induced by oxygen deficiency has been described for
ornamentals (Bass, 1991) and vegetable crops (Marfa and Guri, 1999, Guri, 2002; Marfa
et al., 2005; Holtman et al., 2005). This situation may occur in some spring cycles of
substrate-grown crops on the Almeria coast, especially in substrates like rockwool, which
are wrapped in a polyethylene film with little surface open to the atmosphere, which
could reduce the oxygen diffusion rate.

The supply of pure, pressurized oxygen gas to the nutrient solution is an oxygen-
enrichment method called oxyfertigation (Marfa et al., 2005), which has been improved
and adapted in order to be used in commercial horticultural greenhouses on the Spanish
Mediterranean coast. A similar method was previously used for research purposes by
Chun and Takakura (1994) and Goto et al. (1996).

This work studied the behaviour of two melon crops grown in rockwool slabs.
One was irrigated with a nutrient solution whose dissolved oxygen concentration was
maintained at super-saturated levels with an oxyfertigation facility, while the other
received standard irrigation.

MATERIALS AND METHODS

The experiment was carried out during the spring season of 2004 at ‘Las
Palmerillas-Cajamar’ research station in Almeria, South-east Spain. A Cantaloupe-type
melon crop (Cucumis melo L. cv. ‘Sirio’) was grown in a typical Parral-type greenhouse
of about 500 m? without climate control management systems. Crop was grown in
rockwool slabs of Med Horizontal Grodan® (T502) type at a density of 1.5 plants m™. The
main stem was vertically supported by wires up to a height of 2 m. Irrigation water of 0.4
dS m™ electrical conductivity (EC) was used and the composition of the nutrient solution
was adapted to the main melon growth phases following local recommendations (Magan,
2000). Transplanting was carried out on 8" March. Bees were used for flower pollination
from 43 to 55 days after transplanting (DAT). Harvesting was carried out from 92 DAT to
the end of the crop (21% June).

A 2x2 factorial with 6 replications per treatment was arranged in a completely
randomised experimental design and the experimental unit was a crop line. Two main
factors were studied, the dissolved oxygen concentration in the nutrient solution and the
substrate age. No interactions were found between these factors for most of the crop
parameters evaluated. This work only analyses the crop response to the dissolved oxygen
content and the data presented are average values of the two substrate age levels. Two
levels of dissolved oxygen content in the nutrient solution were compared: a crop
irrigated with a nutrient solution super-saturated with dissolved oxygen (T+) versus a
standard irrigated crop whose nutrient dissolved oxygen concentration was below or
about saturation values (T-). During each irrigation event, pure, pressurized oxygen gas



was dissolved in the nutrient solution of the T+ treatment with a gas injector within the
irrigation pipe. This oxygen enrichment technique is named oxyfertigation (Marfa et al.,
2005).

Dissolved oxygen concentration ([O2]) was measured with an oxygen probe (550A
YSI, Ohio, USA) of + 0.1 mg L™ resolution. [O,] values were periodically measured in
the substrate solution and the nutrient solution supplied. Substrate solution was extracted
every 2-3 weeks from the lower (1 cm above the substrate bottom) central part of the
rockwool slabs at noon, between 12 and 14 h, when the [O,] values are theoretically
lowest. Solution samples were extracted with a simple soil moisture sampler made with a
perforated polyethylene pipe of 5 mm diameter, which was previously calibrated. EC and
pH of the nutrient solution supplied and the drainage water, and the percentage of
drainage water were measured every 1-3 days.

Leaf area index (LAI) was periodically determined from samples of 2-3 plants per
replication with an electronic planimeter (AM7626, Delta T Device Area Meter, UK).
Plant height was also measured every 3-4 weeks from one plant per replication. Total
aerial or shoot biomass and its partitioning were measured in 3 plants per replication at
the end of the cycle. Total and marketable melon yield and yield components were
measured in 9 plants per replication. A sample of fruits per replication was selected
during harvesting to measure fruit dry matter. Fruits were classified in two categories,
according to EU regulation 1093/97 modified by EU regulation 1615/2001, and three
sizes: small (A, 200 to 450 g), medium (B, 450 to 650 g) and large (C, > 650 g).

RESULTS AND DISCUSSION

Nutrient and Drainage Solution

Crop management was the same for both oxygen treatments and no differences
were found between the treatments in the irrigation and fertigation parameters evaluated.
The total amount and the seasonal dynamic of the nutrient solution supplied, the water
consumption and the drainage water was similar for both oxygen treatments (data not
shown), and the same response was observed for the EC and pH of the nutrient solution
and the drainage water. For both treatments, the mean seasonal EC value was 2.6 dS m™
in the nutrient solution and 3.5 dS m™ in the drainage water, while the mean seasonal pH
value was 6.3 in the nutrient solution and 6.1 in the drainage water. In addition, values of
percentage of drainage water were similar for both oxygen treatments over the entire
melon cultivation cycle (mean seasonal values of 34 and 36 % for the T+ and T-
treatments, respectively). These values were slightly higher than those recommended for
this irrigation water, but this is a common practice among most local growers.

Dissolved oxygen content

The [O2] in the nutrient solution was clearly higher for the T+ treatment
throughout the melon cultivation cycle, with an average seasonal value of 20.6 versus 4.2
mg L™ for the standard irrigated crop. Values of [O,] for the T+ treatment were higher
than those recommended by Marfa and Guri (1999) for the oxygen enrichment of nutrient
solution by oxyfertigation.

The [O;] in the substrate solution, measured at noon when it is theoretically at its
lowest value (Riviere et al., 1993; Marfa and Guri, 1999), decreased over the crop cycle
from mean values of 4-5 mg L™ at the beginning of the cycle to values close to 2 mg L™
at the end (Fig. 1). In general, in both treatments the [O] in the substrate solution was



below 3 mg L™ from crop flowering onwards, i.e. during most of the second half of the
melon cultivation cycle. Although there are differences between species, varieties, crop
phases, etc. (Armstrong and Drew, 2002), oxygen deficiency or hypoxic conditions in the
root environment usually occur when the partial oxygen pressure is between 4 and 1%
(Morard, 1995), or the [O] in the substrate solution is approximately below 3 mg L™
(Marfa and Guri, 1999; Bonachela et al., 2005; Holtman et al, 2005). Oxygen availability
in the root environment during setting and growth of fruits could be theoretically limiting
for melon crop. No significant differences between oxygen treatments were found for the
[O2] in the substrate solution throughout the crop cycle, although the [O;] values were
slightly lower for the T- treatment during the mid-season period when most fruits were set
(Fig. 1). In pepper and lettuce crops grown in perlite bags, Guri (2002) found [O;] values
in the substrate solution slightly higher for the crop with oxyfertigation than for the
standard irrigated crop. The high growth rates (complete canopy cover) and high substrate
solution temperatures in combination with ample irrigation water supply during the
second half of the melon crop could result in low oxygen availability because of high root
and micro-organism respiration rates, low oxygen solubility in water and high substrate
water contents (Raviv et al., 2004; Bonachela et al., 2005; Holtman et al., 2005).

Growth, biomass and crop productivity

Values of LAI and crop height were similar for both oxygen treatments throughout
the melon cultivation cycle (Fig. 2). Maximum LAI values of 4 m? m™ were found for
both treatments at the end of the cycle. These maximum values are similar to those
measured by Orgaz et al. (2005) for a spring cycle of a Galia-type melon grown in an
“enarenado” soil in the same area.

No significant differences were found between oxygen treatments for total shoot
biomass or for shoot biomass partitioning at the end of the melon cultivation cycle (Table
1). Mean values of final shoot biomass were 1135 and 1100 g m? in the T+ and T-
treatments, respectively. These values are similar to those measured by Gonzélez (2003)
for a Galia-type melon crop grown in an “enarenado” soil. Neither did the oxygen
enrichment modify the crop harvest index, which was 0.60 and 0.61 g g™ for T+ and T-,
respectively (Table 1).

The marketable productivity of melon was significantly higher for the T+
treatment than for the T- treatment (Table 2), although the difference was only 7%. Mean
values of final marketable productivity were 6.1 and 5.7 kg m™ for the T+ and T- ,
respectively, while the non-marketable productivity was similar for both treatments (0.1
and 0.2 kg m? for T+ and T-, respectively). The higher marketable yield of the T+
treatment occurred in the first-category fruits (Table 1) and was associated to a
significantly higher fruit number. No significant differences between oxygen treatments
were found for the mean fruit weight. The lower fruit number of the T- treatment could be
associated to its slightly lower [O2] values in the substrate solution during the fruit-setting
and fruit growth periods (Fig. 1). [O,] values in the substrate solution around or below 3
ppm, as those measured in the T- treatment from 40 DAT (Fig. 1), appear to induce
oxygen deficiency in the root environment (Morard, 1995; Marfa and Guri, 1999;
Bonachela et al., 2005; Holtman et al., 2005). Slight reductions in productivity associated
to oxygen deficiency in the root environment have already been described for some
greenhouse horticultural crops grown in substrates in Mediterranean conditions, such as
sweet pepper, lettuce and watermelon (Guri, 2002; Bonachela et al., 2005), although yield
differences were not always significant (Bonachela et al., 2005).



CONCLUSIONS

Growth and aerial biomass of a spring-cycle melon crop grown in rockwool slabs
in South-eastern Spain were not significantly affected by the oxygen-enrichment
treatment (oxyfertigation), nor were the main characteristics of the nutrient solution
supplied and the drainage water. By contrast, melon productivity was significantly higher
in the oxygen-enriched treatment than in the standard irrigated crop, which was due to a
higher fruit number and could be associated to limiting oxygen conditions during the fruit
setting and fruit growth period. A more comprehensive study is required, however, in
order to identify those Mediterranean greenhouse agrosystems where the oxygenation
improvement of the root environment could be of interest, as the yield improvements
observed are slight and there are numerous substrate-grown crops and cultivation cycles.
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Tables
Table 1. Aerial biomass and its partitioning of a melon crop grown in rockwool slabs

irrigated with oxyfertigated (T+) and control (T-) nutrient solutions. NS: values in the
same column are not significantly different.

Treatment Biomass (g dry matter m™) _ Harvest_1
Leaves Stems Fruits  Vegetative  Aerial index (g g™)

T+ 298 153 685 451 1135 0.60

T- 287 147 666 435 1100 0.61

NS NS NS NS NS NS

Table 2. Marketable yield, fruit number (fruits m?) and mean fruit weight (g fruit™) of a
melon crop grown in rockwool slabs irrigated with oxyfertigated (T+) and control (T-)
nutrient solutions. NS: values in the same column are not significantly different. Values in
the same column are significantly different at P < 0.05 (*) and at P < 0.01 (**).

Marketable yield (kg m?) . Mean

= Fruit .

Treatment Category Fruit size Total number fruit
CAT.1 CAT.II A B C weight

T+ 5.2 0.9 05 26 29 6.1 10.0 616

T- 4.7 1.0 04 23 31 5.7 9.0 634

* NS NS NS NS * x* NS
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Fig. 1. Dissolved oxygen concentration in the substrate solution of a melon crop grown in
rockwool slabs irrigated with oxyfertigated (T+) and control (T-) nutrient solutions.
Measurements were carried out at noon. NS: values not significantly different.
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Fig. 2. Plant height and leaf area index (LAI) of a melon crop grown in rockwool slabs
irrigated with oxyfertigated (T+) and control (T-) nutrient solutions. NS: values not
significantly different.



