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Abstract

The aim of the review is to present an overview of the effects of mineral soil, inorganic and organic growing media
on the growth, development, yield and quality of vegetables grown under greenhouse conditions. The findings
from the literature suggest that the yield of various vegetables tends to be higher for the plants grown in various
growing media compared to those grown in the soil. A number of authors have reported that dry matter, sugar,
soluble solids, vitamins and carotenoids content in tomatoes; acidity and taste have better marks when grown in
soilless culture systems compared to soil. Only very few authors have indicated that soil culture could increase
acidity, dry matter, carotenoids and sugar content in tomatoes compared to soilless culture systems. Growth and
development of vegetables are enhanced, when plants are grown in inorganic media compared to organic ones. For
yield enhancement several authors have recommended growing vegetables in inorganic media (rockwool, sand)
rather than organic media. Furthermore, there is a growing body of studies indicating the benefit of mixing organic
and inorganic components for vegetable growing media with improved performance in greenhouse production.
In most cases, the addition of compost did not change the yields of vegetables grown on organic media. Also it
is difficult to draw broad conclusions on the impact of various organic substrates on the chemical composition of
vegetables based on the information in the literature. Some inorganic substrates can influence growing medium
so that vegetables grow faster, but that may depend on substrate used. As a substrate, zeolite had advantages over
perlite, as it increased growth of crisp-head lettuces. As observed with organic media, it is difficult to draw general
conclusions on the impact of inorganic media on the chemical composition of vegetables. Results vary with the

crop and the chemical composition and availability of elements of the inorganic substrate.
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Introduction

The term ‘growing medium’ is amongst others
used to describe the material used in a container to grow a
plant. The terms ‘substrate’ (Schroeder, Sell, 2009; Vaughn
et al., 2011) and ‘rooting medium’ (Blok, Verhagen,
2009) are also used as synonyms. In the United Kingdom
some people still use the term ‘compost’ in the same
context. However, compost is technically the product of a
composting operation (e.g., a compost heap at the bottom
of the garden) and therefore could be misleading. On the
other hand, composted materials have routinely been used
as a growing medium or components of growing media
(Schroeder, Sell, 2009; Nair et al., 2011).

Growing media are materials, other than soils
in situ, in which plants are grown. These can include
organic materials such as peat, compost, tree bark, coconut
(Cocos nucifera L.) coir, poultry feathers, or inorganic
materials such as clay, perlite, vermiculite, and mineral
wool (Grunert et al., 2008; Vaughn et al., 2011) (Table 1)

or mixes such as peat and perlite; coir and clay, peat and
compost (Nair et al., 2011). Also, mineral soil or sand has
been used for growing vegetables in greenhouses.

Growing media have three main functions: 1)
provide aeration and water, 2) allow for maximum root
growth and 3) physically support the plant. Growing
media should have large particles with adequate pore
spaces between the particles (Bilderback et al., 2005).
Appropriate particle size selection or combination is
critical for a light and fluffy (well-aerated) medium that
promotes fast seed germination, strong root growth and
adequate water drainage.

Various ingredients have been used to produce
growing media for vegetable production. Throughout the
world, the raw materials used vary based on their local
availability (Schmilewski, 2009). Such raw materials
can be inorganic or organic, but growing media are
often formulated from a blend of different raw materials
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in order to achieve the correct balance of air and water
holding capacity for the plants to be grown as well as for
the long-term stability of the medium (Bilderback et al.,
2005; Nair et al., 2011).

Table 1. Examples of inorganic and organic media used in
greenhouse production of vegetables (Olympios, 1999)

Inorganic media Organic

Natural media Synthetic media media
1. Sand 1. Foam mats 1. Sawdust
2. Gravel (polyurethane) 2. Bark
3. Rockwool 2. “Oasis” 3. Wood chips
4. Glasswool (plastic foam) 4. Peat
5. Perlite 3. Hydrogel 5. Fleece
6. Vermiculite 6. Marc
7. Pumice 7. Cocosoil
8. Expanded clay
9. Zeolite

10. Volcanic tuff
11. Sepiolite

Worldwide, a high percentage of the hydroponic
industry uses inorganic growing media such as rockwool,
sand, perlite, vermiculite, pumice, clays, expanded
polystyrene, urea formaldehydes and others (Sawan
etal., 1999; Bohme et al., 2001; San Bautista et al., 2005;
Bohme et al., 2008), while only about 12% uses organic
growing media (Donnan, 1998) such as peat, bark, wood
residues (leaf mould, sawdust, barks), coir, bagasse, rice
hulls and others. The most popular growing media for
greenhouse production of vegetables is rockwool (Islam,
2008). Rockwool is the preferred material because: 1) it
is essentially almost chemically and biologically inert,
making it free of any potential pests, diseases, and weed
seeds; 2) rockwool slabs and blocks can be irrigated
frequently as they drain freely and can thus be managed
to provide an optimum ratio between air and water for
crop production throughout the growing season (Bussell,
Mckennie, 2004).

The vast amount of solid waste (substrate and
plant material) produced each year is one of the biggest
problems associated with greenhouse horticulture in
some European countries. The non-biodegradability
of these mainly inorganic substrates (e.g., clay, perlite
and mineral wool) causes environmental concern and
has prompted the search for alternative growing media
(Grunert et al., 2008; Vaughn et al., 2011). However,
there is no growing medium that can be labelled as the
“best” since each particular medium has both advantages
and disadvantages. Several factors determine the type
of growing medium appropriate for specific growing
conditions. Although crop performance (yield and
quality) is usually the primary factor in developing
a growing medium, other traits such as cost, re-use
or recycling potentials are critical for a sustainable
production system.

Various materials are used for substrate
preparation such as peat, pine bark, sawdust, coco-fiber
and cacao shell (Nurzynski, 2006; Grunert et al., 2008).
The physical and chemical characteristics of the medium,
together with the growing techniques (e.g., fertigation)

employed, will determine the yield and quality of the
vegetables that are produced (Grunert et al., 2008).

Most vegetables are established from transplants
grown in trays using growing media. Therefore, many
studies have focused on vegetable seed germination and
transplant establishment in various growing media (Nair
et al., 2011). However, the effects of growing medium
on vegetable production (especially post transplant) are
not well known. The importance of growing medium
choice, relative to other production factors, needs to be
evaluated for hydroponic vegetable production. Several
studies have investigated the effect of growing media
on the yield of vegetables. However, only a few studies
investigated the effects of the growing medium on the
quality parameters of the crop. An early review by Gruda
(2009) strongly suggests changes in the quality parameter
of many vegetables in response to the growing medium
used. While the study focused more on the comparison of
growing medium with soil it is likely that a broad range
of responses would be observed among growing media
of different composition and structure. Therefore, the aim
of the present review was to provide a comprehensive
overview of the effects of mineral soil, inorganic and
organic growing media on the growth, development and
yield as well as on quality (chemical composition and the
incidence of some physiological disorders) of vegetables
grown under greenhouse conditions.

Mineral soil versus growing

medium

Most greenhouse vegetable production systems
use either hydroponic systems with rock wool or perlite
or various organic soilless substrates. Soilless growing
media are easier to handle and may provide a better
growing environment compared to soil (Bilderback et al.,
2005; Mastouri et al., 2005). In a study comparing various
growth media, Bilderback et al. (2005) showed that the
head weight of lettuce was highest in plants grown in tea
waste compost, lower in plants grown in tree bark compost
and lowest in plants grown in soil (Mastouri et al., 2005).
Moreover, crops reached maturity earlier when the plants
were grown in tea waste compost or in tree bark compost
compared to the soil. In cucumber, the total yield was
higher for plants grown in nutrient film technique (NFT)
compared to sandy soil (Al-Harbi et al., 1996).

According to Gruda (2009), a number of authors
have reported improved uniformity in weight, size and
texture of tomatoes grown in soilless culture systems
compared to those grown on soil. A few authors reported
that soil culture could increase the size of tomatoes
compared to soilless culture systems (Gruda, 2009). Alan
et al. (1994) grew tomato plants in soil, perlite, peat,
sand, pumice and different combinations of them. Their
results showed that the highest total as well as marketable
yield was produced with a mixture of 80% pumice + 10%
perlite + 10% peat medium, providing about 30% more
product in comparison to the soil. In other experiments
with tomatoes the following media were used: perlite,
1:1 perlite-sand, 1:1 peat-sand, sand, lava rock, 3:1
sawdust-perlite, 3:1 wood-shavings-perlite, decomposed
pine bark, 1:1 ground pine (Pinus brutia) bark-perlite and
1:1 ground pine (Pinus nigra) bark-perlite (Giil, Sevican,
1992) or peat + volcanic tuff + spent mushroom compost
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(1:1:1), volcanic tuff + spent mushroom compost (1:1),
peat + volcanic tuff (1:1) and volcanic tuff (Celikel,
1999) and were compared with the soil. It was found
that early and total yield was higher in plants grown in
various growing media than those in the soil. In contrast
to the above findings, Fandi et al. (2008) found rather
higher total yield and yield per plant in tomato grown in
soil or tuff compared to sand.

In addition to yield, the growing medium has
shown effects on other plant parameters. Dry matter
content was highest in lettuce grown in tea waste compost
and lower in tree bark compost (Mastouri et al., 2005).
Lettuce plants harvested from perlite or pumice culture
had a lower dry matter, chlorophyll, Mg, Fe and Mn
content and a higher titratable acidity as well as total N,
P, and K content, in comparison with the plants harvested
from the soil culture (Siomos et al., 2001). Moreover,
lettuce plants of the soil culture were free from tipburn
symptoms, while plants in soilless culture especially
perlite developed significant tipburn.

When tomato plants were grown in soil, perlite,
peat, sand, pumice either alone or in combination, the
highest ascorbic acid was obtained from perlite; the
highest total soluble solids concentration from peat and
(the lowest from the mixture of 50% pumice + 50% sand);
the highest acidity from sand and the lowest acidity from
the mixture of 50% pumice + 50% sand (Alan et al.,
1994). Celikel (1999) compared the following substrates:
peat + volcanic tuff + spent mushroom compost (1:1:1),
volcanic tuff + spent mushroom compost (1:1), peat +
volcanic tuff (1:1), volcanic tuff and soil. The ascorbic
acid content of the fruit did not differ significantly among
growing media and soil. Angelis et al. (2001) reported
similar findings with no significant effect of growing
medium (perlite and rockwool) and soil on tomato total
soluble solids and titratable acidity. However, Fandi
et al. (2008) reported higher total soluble solid in tomato
fruit produced from tuff or sand growing medium in two
seasons compared to fruit growing in soil. Citric acid
content was not affected by growing medium in the first
season but was higher from tuff or sand growing medium
than from soil in the second season. For most sensory
characteristics assessed, the type of growth medium (soil
or rockwool) had no or little effect. However, for the
characteristics related to texture (crispness and firmness),
soil-grown tomatoes were slightly but significantly softer
than the rockwool-grown ones (Thybo et al., 2005).

Gruda (2009) presented a review comparing soil
and soilless culture with regard to the quality properties of
tomato fruit. From his overview it can be concluded that
most authors reported to have no differences in quality
properties of tomato fruits produced in soil or in soilless
culture systems. A number of authors have reported that
dry matter, sugar, soluble solids, vitamins and carotenoids
content in tomatoes; acidity and taste have better marks
when grown in soilless culture systems compared to soil
(Gruda, 2009). Only very few authors reported that soil
culture could increase dry matter, carotenoids, sugar
content and acidity in tomatoes compared to soilless
culture systems (Gruda, 2009).

Conclusions

Therefore, the findings from the literature
suggest as follows:

1. The yield of various vegetables tends to be
higher for the plants grown in various growing media
than those grown in the soil, indicating that the growing
media could meet plant demands better than the soil.

2. Substrates can be mixed according to plant
needs.

3. In addition, NFT-grown plants yielded better
than soil-grown plants because nutrient solution in
rockwool could be added several times per day but in soil
it was added fewer times, therefore the yield in soil-grown
plants could be lower than in rockwool-grown plants.

4. In contrast to the above literature outlining
the benefits of various growing media, Fandi et al. (2008)
found high yield in plants grown in soil compared to sand
substrates.

5. Based on methodology and data of Fandi et
al. (2008), we presume that this may be due to the actual
status of water and oxygen in the media, since oxygen
deficiency restricts root respiration.

6. Lack of oxygen in the root-zone negatively
affects water and nutrient uptake, which eventually
reduced fruit weight in the soilless culture.

7. Unlike yield and other growth parameters, it
is relatively difficult to draw robust conclusions on the
impact of growing medium on the chemical composition
of vegetables. Most studies report no difference between
soil and soilless culture systems. However, when
differences exist, they tend to be in favour of vegetables
grown in soilless systems.

Organic versus inorganic

growing medium

Organic components decompose during crop
production and may change both the physical and
chemical composition of the medium (Bilderback
et al., 2005). This may in turn affect crop growth and
development. Compared with inorganic media (rockwool
and sand), organic media (peat moss and baggasse) have
been shown to inhibit the vegetative growth and fruit
yield of tomato with more pronounced effects when urea
was the sole N source (Ikeda et al., 2001). However,
the growth inhibition was mitigated by the combined
application of nitrate with urea and when nitrate was the
sole N source. Higher yield (total, marketable and early)
and lower weight per fruit of seven tomato cultivars
were also obtained when grown on rockwool than on
coir straw — Cocovita (Kobryn, 2002). Growing media
based on peat and peat with cocos derivatives were
tested against mineral wool for tomato. Results showed
that plants grown in the pure peat rooted more easily
than those grown in the peat-coco or mineral wool but
the total yield was similar for all media (Grunert et al.,
2008) (Table 2). Similar yield of tomato plants grown in
straw and rockwool has also been reported by Nurzynski
(2006). Tomato plants grown in perlite produced higher
total marketable yield than plants grown in either of the
other media (pine bark and rockwool) (Hanna, 2009).

Cucumber plant development was quicker
and the yield was higher, when plants were grown in
perlite or rockwool compared to coconut fibre (Bohme
et al,, 2001). Common purslane (Common purslane)
was taller and fresh weights of leaves and stems were
higher, when plants were grown in peat compared to
vermiculite, coir or perlite-grown plants (Cros et al.,
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Table 2. Summary of the results of comparative substrate tests carried out using the grape tomato ‘Tricia’ in 2006

Number of fruits with

Fertigation regime Substrate lz(gl E;Illdz Numbe;r(z)f fruits blossom-erlllq(_izrot (BER) Taste
mineral wool 47.95 a 3353a 7.1a 4.68 a
Wet peat 49.25a 336.5a 58a 4.64 a
peat-cocos 51.08 a 3498 a 59a 5.04a
mineral wool 51.77 a 357.0a 50b ND
Dry peat 51.61a 3629 a 2.1 ab ND
peat-cocos 5147a 353.4a 13a ND

Notes. Fruit taste was evaluated on a scale of 0 (= absolutely not tasty) to 10 (= very tasty). Asterisks indicate data that are averages
of different treatments. Values with different letters appended are statistically different from one another (P < 0.05) as indicated by
ANOVA analysis (SPSS 11.5); ND = not determined (Grunert et al., 2008).

2007) (Table 3). Development and yield of cucumber
grown on sheepwool slabs, peat slabs, coconut fibre
slabs, perlite and rockwool slabs were investigated and
the structure of all media analyzed before and after use
(Bohme et al., 2008). The air capacity of sheepwool
before use was much higher (70%) than that of the other
media (18-58%) but decreased with use to 43%. The
water capacity of sheepwool was about 23% before use
and increased up to 44% after use. The highest yield
was recorded on sheepwool. There was no significant
difference in cucumber production in plants grown in
recyclable plant growth substrate or in rockwool (Huber
et al., 2005). Three media types, coarse-grade perlite,
medium-grade perlite, and pine bark were compared
for efficiency of growing cucumbers (production and
potential costs). Fruit yield was the same among media
treatments (average of 6 kg (13.2 1b) per plant) (Shaw
et al., 2004). In another study, almond shell residue was
non-limiting in comparison to rockwool for melon and
tomato crops in relation to fertigation parameters, water
uptake and yield (Urrestarazu et al., 2005).

Table 3. Vegetative parameters of plants of common
purslane grown in different substrates in September 2004
(expt. 3) (Cros et al., 2007)

Vegetative parameters

Substrates plant leaf fresh stem fresh
height weight weight
cm gm? gm?
Peat 147 a 1.275.7 a 964.9 a
Peat-perlite (3:1) 142 a 1.262.6 a 869.8 ab
Peat-perlite (1:1) 13.6a 1.1349b 787.8 b
Vermiculite 9.3b 6252 ¢ 3175¢
Coir 63c 369.1d 164.9d
Perlite 6.2c 432.5d 168.1d

Note. Within column means followed by different letters are
significantly different by Tukey’s multiple range test (P = 0.05).

On the other hand, the interest in the use of
mixtures of inorganic and organic materials as growing
media in soilless culture is increasing in parts of the
world where the mixtures have not been used in common
practice. Addition of inorganic substances to organic
ones has resulted in a better plant growth and higher yield
probably owing to increasing water-holding capacity
and aeration of peat. Better aeration of peat promotes

vigorous root growth, which allows better growth of
foliage and therefore increases whole yield of plants.
This demonstrates that inorganic substances including
vermiculite, perlite and coal ash could partially replace
peat (Vaughn et al., 2011).

Sixteen media prepared from peat, coir,
vermiculite, or perlite were used to determine the optimum
growing media for tomato transplants. Transplants grown
with >50% coir exhibited reduced plant growth compared
topeat-growntransplants,aresponsethatmaybeassociated
with high N immobilization by microorganisms and high
C:N ratio (Arenas et al., 2002). Forterra Royal GRO 1
(coconut coir/vermicompost) and Forterra Royal GRO
2 (aged pine bark/coconut coir/vermicompost) attained
significantly higher marketable yields per tomato plant
compared with the plants grown in rockwool (Surrage
et al.,, 2010). Cucumber plants were grown in twenty
five combinations of peat moss, vermiculite, composted
sawdust and crop residues compost (Sawan et al., 1999);
the highest plant growth and subsequently the highest
yield were obtained by reducing peat moss volume from
50% to 20% in the mixture. The highest cucumber yield
was obtained with a 1:1 mixture of peat and vermiculite.
Plants grown in 3:1 peat-vermiculite, 3:1 peat-perlite, 3:1
peat-coal ash outyielded those grown in peat alone (Gao
et al., 2010). For cucumber, greater marketable yield and
a lesser incidence of abnormal fruits were observed on
the perlite with rice hull or with carbonized rice hull as
compared to the pure perlite (Lee et al., 1999 a). Yield
of cucumber grown in bags with composted pig manure
alone or mixed with perlite (50:50) was higher when bag
height was 10 cm than 20 cm (Naddaf et al., 2011).

Results indicate that addition of shredded maize
stems in perlite and pumice could improve their properties
over inorganic media alone and could lead to improved
plant development and yield for greenhouse tomato
(Tzortzakis, Economakis, 2005; 2008). Higher total yield
of tomato was obtained from plants grown in perlite +
peat and perlite than from pumice, volcanic ash, pumice
+ peat and volcanic ash + peat (Tiizel et al., 2001). The
perlite-based mixtures resulted in higher leaf area and
stem diameter of tomato plants, while cultivation in coco
peat alone delayed harvest (Traka-Mavrona et al., 2001).
Growing medium of 2 peat:1 vermiculite:1 compost (by
volume) was amended with 0, 0.6, 1.2, 1.8, or 2.4 %
weight by weight of alfalfa-based organic amendment
and incubated for 0, 1, 2, 3, or 4 weeks. Relative to
growth in medium with no amendments, plants growing
in the amended medium had increased stem diameter,
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height, leaf chlorophyll content, and plant dry weight
(90% to 160% more), provided the amended medium
was incubated for at least one week (Nair et al., 2011).

Some other findings indicated however that
there are no beneficial effects of mixing organic and
inorganic substances for growing medium. Although
cucumber seedlings grown in peat were taller and had
larger leaf area than the seedlings grown in peat-perlite
or peat-zeolite mixtures, they accumulated less dry
matter (Jankauskiené, Brazaityté, 2008). When zeolite
is mixed into peat substrates, seedling photosynthesis
productivity becomes greater than that of plants grown
on peat. Nevertheless, the mixing of zeolite and perlite
into seedling growing medium did not improve cucumber
yield (Jankauskiené, Brazaityté, 2008). Formulated
perlite (fine and coarse granule), peat moss, rice hull and
carbonized rice hull were evaluated for impacts on tomato
total yield and average fruit weight. The best performances
were obtained with pure perlite, followed by perlite mixed
with rice hull and carbonized rice hull, in that order. Fruit
yield decreased with increasing concentration of rice hull
in the growing medium (Lee et al., 1999 b).

The effect of growing medium on the quality of
tomatoes and cucumbers was investigated by determining
texture, colour and taste by sensory evaluation and by
chemical analysis (Luoto, 1984). Results indicated that
the growing medium affected the dry matter content,
pH and acidity as well as quality of tomato as judged.
Tomatoes grown in peat were considered redder, softer
and tastier and the taste differences were greatest at
the beginning of the harvesting season. Rice hull alone
resulted in increased sugar content of tomato fruit when
compared with perlite (fine and coarse granule) (Lee
etal., 1999 b). Growing medium had no distinct effect
on the content of sugars and ascorbic acid, but tomatoes
grown on Cocovita contained fewer mineral elements.
Fruits from plants grown on Cocovita contained more
dry matter than those grown on rockwool (Kobryn,
2002). The content of dry weight, ascorbic acid and
sugars in fruit differed to a small extent between tomato
plants grown on straw or rockwool (Nurzynski, 2006).
Formulated perlite (fine and coarse granule), peatmoss,
rice hull and carbonized rice hull were tested in tomato.
Rice hull alone resulted in increased sugar contents of
the fruits to over 6.0° Brix (Lee et al., 1999 b). Cros
et al. (2007) carried out three experiments using peat,
vermiculite, coir, perlite, and mixtures of peat and perlite
(3:1 and 1:1 v/v) cultivating common purslane (Common
purslane). Plants grown in peat substrate had the highest
total fatty acid content, alpha-linolenic acid, and linoleic
acid, whereas the highest proportion of alpha-linolenic
acid to total fatty acids was obtained in plants when
grown in either coir or perlite.

Chemical parameters of cucumber were also
affected by the growing media, while medium had no
effect on texture. The colour of cucumber at the end of
the harvest season was affected by growing media (Luoto,
1984). Cucumber grown in mineral wool had the best
taste (based on sensory evaluation, which was carried
out immediately after harvesting) at the beginning of the
harvesting season.

Addition of shredded maize stems in perlite and
pumice could improve their properties over inorganic
media alone and did not affect occurrence of blossom-
end rot (BER) on tomato fruit (Tzortzakis, Economakis,

2005; 2008). On the other hand, coco peat, alone or in
mixture with perlite, contributed to an increased incidence
of fruit with BER, especially under slow release fertilizer
fertigation (Traka-Mavrona et al., 2001). Tomato plants
grown in the pure peat or peat with cocos derivatives
developed less BER than in mineral wool (Grunert et al.,
2008) (Table 2). A similar trend was seen for the incidence
of BER with GRO 1 (coconut coir/vermicompost) and
GRO 2 (aged pine bark/coconut coir/vermicompost)
having reduced BER incidence per plant when compared
with rockwool (Surrage et al., 2010). Growing media
based on peat and peat with cocos derivatives were tested
against mineral wool. Results showed that tomato plants
grown in the pure peat developed less BER in both peat
substrates than in mineral wool. No differences between
substrates could be observed in the quality of the fruit
produced. On the other hand, flavour tests demonstrated
that plants grown on peat substrate produced more tasty
fruits under certain conditions (Grunert et al., 2008).

Disease (Fusarium oxysporum f. sp. Radicis
lycopersici) incidence decreased from an average
ranging from 35.9% to 75.2% in new perlite-peat mix to
0.4-26.4% in recycled perlite-peat mix (Clematis etal.,
2009). Moreover, higher cucumber fruit quality was
obtained by the mixture of peat to vermiculite 1:1 than in
3:1 peat/vermiculite, 3:1 peat/perlite, 3:1 peat/coal ash or
peat (Gao et al., 2010).

Different physiological disorders in broccoli
include brown bud, bud deformation, bracting and hollow
stem, which adversely affect the quality of the product.
They are related to cultivar sensitiveness but also to
nutritional disorders and/or to different stressing factors.
Two growing media (perlite and coconut coir dust) were
tested in plants grown in containers (San Bautista et al.,
2005). The type of substrate did not affect yield, but
when plants were grown in perlite, broccoli buds were
more affected by the brown bud disorder (San Bautista
et al., 2005).

Conclusions

The findings suggested as follows:

1. Growth and development of vegetables are
enhanced, when plants are grown in inorganic media
compared to organic ones (Bohme et al., 2001; Ikeda
etal., 2001).

2. In contrast, Tzortzakis and Economakis
(2008) found that plants grew faster in organic media
compared to inorganic media.

3. For yield enhancement several authors have
recommended to grow vegetables in inorganic media
(rockwool, sand) rather than organic media (Lee et al.,
1999 b; Bohme et al., 2001; 2008; Ikeda et al., 2001;
Kobryn, 2002).

4. Furthermore, there is a growing body of
studies indicating the benefit of mixing organic and
inorganic components for vegetable growing media
with improved performance in greenhouse production
(Tzortzakis, Economakis, 2005; Gao et al., 2010).

5. Addition of inorganic substances to organic
substances produces higher yield probably owing to
increasing water-holding capacity and aeration by
organic substances, which demonstrates that inorganic
substances could partially replace organic substances
(Gao et al., 2010).
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6. Better aeration of peat promotes vigorous
root growth, which allows rapid growth of foliage and
therefore increases whole plant yield.

7. Some studies have shown that vegetables
grown in organic media could be tastier than those grown
in inorganic media (Luoto, 1984; Grunert et al., 2008).

8. Organic media may allow plants to access
critical nutrients, which in turn could allow plants to be
tastier than those grown in mineral wool.

9. In some cases the type of substrate does not
affect chemical composition of plants (Kobryn, 2002).

10. Flavour tests demonstrated that plants grown
on peat substrate produced more tasty fruits compared to
mineral wool and peat with cocos derivatives (Grunert et
al., 2008).

11. The incidence of physiological disorders such
as tomato blossom-end rot (BER) is likely to be greater
when plants are grown in inorganic media compared to
plants grown in organic media or mixtures of organic and
inorganic media.

12. In inorganic media, nutrient provisioning to
the crop is limited to the amounts added to the nutrient
solution or irrigation. In the organic media; however,
additional nutrients are released from the decomposing
organic component. Therefore, plant growth and
resistance to biotic and abiotic stresses could be enhanced
with the use of organic components in growing media.

Organic growing medium

As indicated above, organic materials include
substrates like sawdust, bark, wood chips, peat, fleece,
marc, cocosoil. While all organic substrates can
decompose over time, the rate of decomposition and
the physical conditions of the medium vary with the
parent material. That in turn may affect crop growth and
development. For cucumber seedling production, sawdust
was proposed as a substitute for high concentrations of
peat moss media (Sawan et al., 1999). No significant
difference was observed for growth of tomato transplants
cultivated in wood fiber substrates or white peat
(Gruda, Schnitzler, 2004). Also, vermicompost could
be a substitute for peat in potting media with similar or
beneficial effects on seedling performance (emergence
and elongation). Most studies have reported beneficial
effects of vermicompost on germination, plant growth
and yield with substitutions of 20-40% of vermicompost
into a commercial growth medium. These findings
indicate that vermicompost enhances development of
vegetables in organic growing medium. Composts are
widely used and contain important amounts of nutrients
depending on the source and type of compost. Most
composts also provide a “warm” growing medium, which
promotes root growth. Quicker root growth may help
increase subsequent canopy development and overall
crop performance. However, crop-specific responses
should be considered when using compost and other
organic substrates in vegetable production. In tomatoes,
variety-specific responses should be considered when
developing recommendations on the optimum proportion
of vermicompost amendment to horticultural potting
substrate (Zaller, 2007). Although vermicompost may
provide a viable alternative to peat-based growth media,
overall, Roberts et al. (2007) found little added benefit
from using vermicompost. This lack of benefit could be

due to the type of crop or cultivar used.

The mixture of 80% commercial peat-lite and
20% of yard trimmings/biosolids compost (1:1) was
horticulturally acceptable as an alternative to 100%
commercial peat-lite for caulifiower transplant production
(Kahn et al., 2005).

Polat et al. (2009) studied the effects of spent
mushroom compost (SMC), which is a waste product of
mushroom processing on greenhouse cucumber growth
as an organic matter source for substrate. The highest
total fruit yield in May was obtained at 40 t ha™! followed
by 20tha’!, and 80 t ha' SMC, respectively, with no
difference between 80 t ha' and the control (Table 4).
Medinaet al. (2009) conducted a study testing the response
of three vegetable species with different salt sensitivities
to various organic growing media. Tomato (Lycopersicon
esculentum var. ‘Muchamiel’), courgette (Cucurbita
pepo L. var. ‘Afrodite F1”) and pepper (Capsicum annum
L. var. ‘Lamuyo F1°) were the least, the moderate and
the most salt-sensitive species, respectively. The three
crops were grown in 12 different media containing spent
mushroom substrate (SMS) of either Agaricus bisporus
(SMS-AB) or Pleurotus ostreatus (SMS-PO) or a 50:50
(v/v) combination of both (SMS-50). The proportions of
each residue in the mixtures with peat were 25, 50, 75
and 100 % (v/v). A substrate of 100% peat was also used
as control. Tomato growth was not affected by substrate
type indicating that any of the media could be used for
tomato production. In contrast, the other crops showed
substrate specific responses. SMS-AB-based substrates
and the media containing low dose of SMS-PO and
SMS-50 were more appropriate for courgette and pepper
(Medina et al., 2009).

Table 4. Effects of spent mushroom compost on monthly
yield in May (Polat et al., 2009)

Treatments Total yield
kg m?
Control 6.120
20 tha'! 6.610b
40 t ha! 7.163 a
80 t ha'! 6.140 ¢
LSD 0.3628

5%

Shoot dry weight of plants grown in soil
supplemented with 5% and 10% of Agaricus subrufescens
SMS were greater than that of plants grown with chemical
fertilization (NPK) suggesting other benefits of specific
organic substrates beyond basic nutrients provisioning
(Ribas et al., 2009). Rice hull alone resulted in increased
sugar content of tomato fruit when compared with
peatmoss (Lee et al., 1999 b). Vermicompost improved
the marketability of fruits due to lower incidence of
physiological disorders (blossom-end rot and fruit
cracking), while ascorbic acid content of the fruit was
unaffected by the presence of vermicompost (Roberts
etal., 2007).

Nitrogen content of plants increases with the
amounts of the compost applied when plants are grown
in organic media. Nitrate accumulation in products is a
function of increasing supply of nitrate by fertilization
and mineralization of soil organic matter on the one
hand, and reduced availability of assimilates on the
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other hand (Nazaryuk et al., 2002). Therefore, the higher
the nitrogen availability and the lower the assimilation
intensity the greater the nitrate accumulation would be.
Moreover poorly controlled flux of the soil nitrogen
resulting from active mineralization of organic matter
may lead to excessive accumulation of nitrate in plants
(Nazaryuk et al., 2002).

Conclusions

1. In most cases (Roberts et al., 2007; Zaller,
2007) the addition of compost did not change yields of
vegetables grown on organic media.

2. Also, it is difficult to draw broad conclusions
on the impact of various organic substrates on the chemical
composition of vegetables based on the information in
the literature.

Inorganic growing medium

Results showed that cucumber seedlings grown
on a urethane based recyclable plant growth medium
were significantly shorter and one leaf stage behind
the rockwool-grown seedlings during early stages of
plant development and this delayed flowering and first
fruit harvest (Huber et al., 2005). Over a 27-day harvest
period there was no significant difference in cucumber
fruit length and circumference for plants grown on two
substrates (a urethane based recyclable plant growth
substrate and rockwool) (Huber et al., 2005).

Studies conducted by Giil et al. (2005) showed
zeolite, as a substrate, to have advantages over perlite, as
it increased growth of crisp-head lettuces. This effect may
be attributed to an increase in the uptake of some nutrients
since zeolite has high cation exchange properties, and
acts as a reservoir, holding elements in its structure for
slow release to the rhizosphere (Giil et al., 2005).

Growth of cucumber was better and the
marketable yield was higher by 30% in perlite than in
expanded clay pellets (Kacjan Mars$i¢, Jakse, 2010).
Higher yield was found for cucumber grown on Polish
rockwool Flormin than on Danish rockwool Grodan, but
also a significant interaction of growing medium and
cultivar was observed (Pirog, 1996). The fruit yield from
plants on rayon polyester material (RPM) was increased
significantly, compared to plants grown on minirock wool
blocks due to increases in fruit size and fruit number
(Logendra et al., 2001).

Rockwool retains nutrient solution and holds air,
which allows plants to get nutrients more easily. Nutrient
solution in rockwool can be added several times per day
but in peat it is added fewer times, therefore the yield in
organic medium can be lower than in inorganic media if
nutrient management is not optimum. Grodan rockwool,
when allowed to drain by gravitational pull contains 80%
solution, 15% air pore space and 5% rockwool fibers
at field capacity. This ratio of solution to air promotes
vigorous root growth, which enhances foliage growth
and ultimately improves whole plant yield.

Differences in cherry tomato fruit yield were
observed among six inorganic substrates (sand (S), perlite
(P), zeolite (Z) and mixtures (on volume basis) of P:S
2:1, Z:P 1:1, Z:S 1:1 and Z:P:S 1:1:1), with the highest
performance obtained with zeolite alone (Al-Ajmi et al.,
2009). The best substrate for cultivation of cherry tomato

was zeolite which is probably related to its high water
holding capacity and cation exchange capacity. Their
results suggest that addition of sand to zeolite resulted
in similar fruit yield to that obtained on perlite (Al-Ajmi
et al., 2009).

Tomato plants grown in sand substrate were
taller, had thicker stems, and higher fresh weight
compared to plants grown on perlite and stone pumice
(Haddad, 2007) (Table 5). Cherry tomato fruit quality
varied among the six substrates compared by Al-Ajmi
etal. (2009). Analysis of fruits indicated that K, Cu, Zn,
and Fe concentrations and fiber contents were higher in
Z medium followed by Z:S 1:1 medium, while protein
contents and the concentrations of P, N and Mn were not
affected by substrates (Al-Ajmi et al., 2009). The results
suggest that addition of sand to zeolite resulted in similar
fruit quality to perlite.

Table 5. Influence of three substrates on tomato growth
(Haddad, 2007)

Sand Perlite  Stone pumice
Plant height m 234a 2.09b 201b
Root fresh weightg  68.25a  41.375D 48.214 b
Stem diameter mm  28.51a  22.13b 21.17b
Top fresh weight g 34.11a 29.17b 28.98b

Note. Values are averages of 50 measurements.

The incidence of blossom-end rot (BER) was
higher when tomato was grown in perlite and pumice in
comparison with sand (Haddad, 2007). RPM significantly
reduced the incidence of BER compared to minirock
wool blocks (Logendra et al., 2001).

Disease (Fusarium oxysporum f. sp. Radicis
lycopersici) incidence decreased from an average ranging
from 44.4% to 61.9% in new perlite to 2.5-36.3% in
recycled one (Clematis et al., 2009).

Zeolite, when compared to perlite, led to higher
N and K contents in crisp-head lettuce tissues (Giil et al.,
2005). Lettuce plants harvested from perlite culture had
a lower chlorophyll a, total chlorophyll and Fe content
and a higher chlorophyll b and Mn content than plants
harvested from pumice culture (Siomos et al., 2001).

Conclusions

1. Some inorganic substrates can influence
growing medium so that vegetables grow faster, but that
may depend on the substrate used.

2. As a substrate, zeolite had advantages over
perlite, as it increased growth of crisp-head lettuces (Giil
et al., 2005).

3. At the same time, growth of cucumber was
better and the marketable yield was higher by 30% in
perlite than in expanded clay pellets (Kacjan Marsié,
Jakse, 2010).

4. As observed with organic media, it is difficult
to draw general conclusions on the impact of inorganic
media on the chemical composition of vegetables.
Results vary with the crop and the chemical composition
and availability of elements of the inorganic substrate.
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Santrauka

Darbo tikslas — apzvelgti mineralinio dirvozemio, neorganiniy bei organiniy auginimo substraty jtaka darzoviy,
auginamy $iltnamio saglygomis, augimui, vystymuisi, derliui ir jo kokybei. Literatiros duomenys rodo, kad jvairiy
darzoviy derlius buina didesnis, augalus auginant ne dirvozemyje, bet kituose substratuose. Nemazai autoriy
nurodo, kad pomidorai, auginti jvairiuose substratuose, pasizyméjo geresniais sausyjy medziagy, cukringumo,
tirpiyjy kietyjy daleliy, vitaminy, karotenoidy ir rigStumo rodikliais, lyginant su augintais dirvoZzemyje. Tik
labai mazai autoriy nurodé, kad pomidorus auginant dirvozemyje gali padidéti jy riigStumas, sausyjy medziagy,
karotenoidy ir cukraus kiekis, lyginant su kitais substratais. Darzoviy augima ir vystymasi skatina auginimas
neorganiniuose, lyginant su organiniais, substratais. Siekiant padidinti derliy, keletas autoriy sitilo darzoves auginti
akmens vatoje ir smélyje. Be to, vis daugiau tyrimy duomeny atskleidzia misriy auginimo substraty, sudaryty i§
organiniy bei neorganiniy komponenty, naudg darZoves auginant Siltnamiuose ir siekiant didesnio jy derliaus.
Daugeliu atvejy komposto pridéjimas darzoviy, auginty ant organinio substrato, derliui netur¢jo jtakos. Remiantis
literatiiros Saltiniuose pateikta informacija, sunku daryti pagrjstas iSvadas apie jvairiy organiniy substraty jtaka
darzoviy cheminei sudéciai. Kai kurie neorganiniai substratai gali pagreitinti augaly augima, bet tai priklauso
nuo naudojamo substrato. Kaip substratas zeolitas pasirodé pranasesnis uz perlita, nes paspartino giiziniy saloty
augima. Kaip teigta aptariant organines terpes, sunku daryti apibendrinanéias iSvadas apie neorganiniy terpiy jtakg
darZoviy cheminei sudéciai. Tyrimy rezultatai jvairuoja, priklausomai nuo augalo bei jo cheminés sudéties ir nuo
maisto medziagy pasisavinimo i$ neorganiniy substraty.

ReikSminiai zodZiai: kompostas, auginimo substratas, durpés, perlitas, akmens vata, smelis, darzovés,
vermikulitas.



