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In this study, changes in the yield and quality of tomato (Solanum lycopersicon cv. Sedef F1)
seedlings at different soilless growth media were studied under greenhouse conditions. For
this purpose, as a growing medium; peat, zeolite vermicompost and different mixtures of these
substrates [Zeolite 100% (M1); Peat 100% (M2); Peat 80% + Vermicompost 20% (M3);
Zeolite 80% + Vermicompost 20% (M4); Peat 65% + Zeolite 15% + Vermicompost 20%
(M5); Peat 40% + Zeolite 40% + Vermicompost 20% (M6)] were used. At the end of the
45-day trial period, seed germination percentage, seedling height, seedling stem diameter,
shoot fresh weight, root length, root weight and plant nutrients content (N, P, K, Ca, Mg, Fe,
Zn, Mn and Cu) were determined. In the experiment, media of M5 was found to give the best
results for germination percentage, seedling height, root length, seedling fresh weight and root
weight parameters of tomato seedling. M1 environment did not make a positive impact on the
tomato seedling cultivation. However, the data suggested that it would be useful zeolite in a
mixture with other media. Based on the results obtained, the M5 provides more advantageous
environment for the development of seedling and it can be readily used in terms of seedlings
growing in soilless culture.
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Bu ¢alismada, farkli topraksiz yetistirme ortamlarindaki domatesin fide verim ve kalitesindeki
degisimler sera kosullari altinda arastiilmistir. Bu amagla arastirmada yetistirme ortami
olarak; torf, zeolit ve vermikompost ve bu maddelerin farkli karigimlart [Zeolit % 100 (M1);
Torf % 100 (M2); Torf % 80 + Vermikompost % 20 (M3); Zeolit % 80 + Vermikompost % 20
(M4); Torf %65 + Zeolit %15 + Vermikompost % 20 (M5); Torf % 40 + Zeolit
% 40 + Vermikompost % 20 (M6)] kullanilmigtir. 45 giinliik deneme periyodu sonunda:
tohum ¢imlenme yiizdesi, fide boyu, fide gévde ¢api, fide yas agirligi, kok uzunlugu, kok
agirhigr ve bitki besin element igerikleri (N, P, K, Ca, Mg, Fe, Zn, Mn ve Cu) belirlenmistir.
Aragtirmada, ¢imlenme yiizdesi, fide boyu, kok boyu, fide yas agirhgi, kok agirlik
parametrelerinde M5 ortami en iyi sonug veren ortam olmustur. M1 ortami (% 100 zeolit)
domates fide yetistiriciliginde olumlu etki meydana getirmemis ancak diger ortamlarla karigim
halinde kullanilmasinin daha uygun olacagi belirlenmistir. Diger taraftan, MS ortaminin fide
gelisimi bakimindan avantajli oldugu ve topraksiz kiiltiirde fide yetistiriciliginde rahatlikla
kullanilabilecegi belirlenmistir.

1. Introduction

Greenhouse production area in Turkey is nearly 65 000 ha,
and vegetable production is made in about 96% of this area
(TUIK 2014). Tomato is located in the first place among the
agriculturally important species in terms of production area and
greenhouse grown. Vegetable production is conducted
intensively in Mediterranean region (especially in Antalya) of
Turkey and the production is also possible during winter season.

Therefore, Antalya is suitable for growth in any season of the
year. Greenhouse cultivation area of Antalya is 26 000 hectares.
Tomato is cultivated half of the total area, and produced about
2.5 million tons of tomatoes (Anonymous 2016). In vegetable
production, qualified seed and seedling is very important to
achieve a good vyield. Seedling growth period in plant
production is very important stage and has an effect on growing
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and development of plant, early harvest, total efficiency and
fruit number per plant. Seedling productions with traditional
methods have caused stress for plants (Markovi¢ et al. 1995).
The most important factors affecting success in soilless culture
include climate, greenhouse construction, seedling and
breeding.

Many materials can be used as growing media; they are
those which have desirable properties, such as abundant
nutrients, high water retention capacity, adequate aeration and
easy transportation and availability, to ensure the optimum
seedling growth. Among these, perlite, vermiculite, pumice and
coco-peat for seedling production are important substrates
(Kilig and Kilig 2006).

Mainly, there are three types of soilless cultivation based on
substrates used: a) with buffering substrates (e.g. peaty
substrates) b) with inert substrates (e.g. rock-wool) ¢) with no
substrates (e.g. NFT) (Gl et al. 2005). Substrate culture is
gaining importance year-by-year all over the world. The
physical and chemical characteristics of substrates used in the
production of vegetables are quite diverse, and natural and
artificially produced new sources are rearing as a growing
media.

Peat, widely used as the growing media and formed by the
decomposition of organic materials in soil, is defined as a
substance that usually has a colloidal structure and therefore
improve the soil structure, water and nutrient holding, and
adjusts the soil temperature (Kaska and Yilmaz 1974). Zeolite is
another soilless substrate and a type of inclusion compounds. It
is a hydrated aluminosilicate and characterized by three-
dimensional networks of SiO, and AlQ, tetrahedral, linked by
the sharing of all oxygen atoms (Rehakova et al. 2004). Zeolites
are characterized to have high ability to lose and gain water and
to exchange cations without a major change in its structure
(Mumpton 1999; Kithome et al. 1999) and these properties of
the zeolites convert the zeolites into a potentially useful
substance (Harland et al. 1999).

Vermicompost is defined as the end-product of the
breakdown of organic matter by earthworms. The importance of
earthworms in the breakdown of organic matter and the release
of the nutrients that it contains has been known for a long time.
It has been demonstrated clearly that some species of
earthworms are specialized to live in decaying organic matter
and can degrade it into fine particulate materials, rich in
available nutrients, with considerable commercial potential as
plant growth media or soil amendments (Edwards and Arancon
2004; Garg et al. 2008). Research into vermicomposting and
commercial projects has been developed in many countries
(Edwards 2004). In soilless culture, various opinions about
substrates used in vegetable production have been reported in
many investigations (Demidov et al. 1991; Benitez et al. 1999;
Kipp et al. 2000; Butt 2001; Raviv et al. 2002; Chaoui et al.
2003; Nelson 2003; Jones 2005). Organic amendments such as
vermicompost also add growth-influencing substances like plant
hormones as observed by many researchers (Atiyeh et al. 1999).
Thus, the application of vermicompost may affect germination
of seed and growth of seedling, and incorporation of
vermicompost into growing media has been shown to
significantly improve plant growth, since it constitutes a slow-
release source of nutrients and also modifies the physical
properties of the potting substrates (Chaoui et al. 2003; Hidalgo
et al. 2006).

The aim of this work was to evaluate the effects of various
growth media mixtures on seedling quality and nutritional
contents in tomato (Solanum lycopersicon cv. Sedef F1).

2. Materials and Methods

2.1. Materials

This experiment was conducted (November-December
2014) in a greenhouse located at the Seed Research and
Development Center of Akdeniz University (36° 54° 0.17” N;
30° 38’ 53.30” E) in Antalya, Turkey. The greenhouse is 10 m
x 14 m x 6.5 m, and tomato (Solanum lycopersicon cv. Sedef
F1) was used as the plant material. Temperature of the
greenhouse where the experiment was conducted was measured
weekly. The lowest temperature during incubation was 26 °C in
the 6™ week and the highest temperature was 38 °C in the 1'"
week. Six different growth media used in the experiment (Table
1) and some selected physicochemical properties of these media
are given in Table 2.

Research was established according to the randomized
complete block design in three replicates. Fourty seeds were
sown into each growing medium, totaling 720 seedlings, and the
experiment ended after ~45 days. No nutrient or fertilizer was
used in this research but seedling trays were regularly irrigated
with tap water to maintain humidity suitable for plant growing.

As growing medium, peat (Silu Kudra), zeolite (Agro
Clino), vermicompost (Green-PIK) and mixtures of these media
are used in the experiment. These substrates were procured from
various commercial vendors. The vermicompost is the end
product provided by a “Staratel” earthworm (Eisenia fetida)
population in the process of treating/enriching especially
prepared cattle manure compost. Some specifications of the
substrates as provided by their manufacturers are given in Table
3, Table 4 and Table 5. In the study, peat and zeolite individual
media used were designated as control treatments.

Table 1. Growing media used in the experiment.

Growing Media (GM)

100% Zeolite (M1)

100% Peat (M2)

80% Peat + 20% Vermicompost (M3)

80% Zeolite + 20% Vermicompost (M4)

65% Peat + 15% Zeolite+ 20% Vermicompost (M5)
40% Peat + 40% Zeolite+ 20% Vermicompost (M6)

Table 2. Some physicochemical properties of the growing media.

g & %
S 3 e g g
5§ 5 8 2 ¢ 2% 2
= & 5§ Z S5 & 2 I ¢
o = = m a = = S 53|
M1 5761 2757 097 56.12 26.86 29.26 59 1235
M2 157.31 12164 0.19 3122 2413 7.09 58 4997
M3 18445 14631 0.19 3595 2849 746 6.0 709.7
M4 6321 2886 0.89 5599 2557 3042 6.0 386.0
M5 116.04 5293 054 62.63 2857 34.06 6.0 2410
M6 136.87 103.21 0.38 52.03 39.25 1278 64 6703
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Table 3. Some analytical data of peat stated by the producer company.

Parameters Values
pH 55-6.5
Fulvic Acid (%) 7
Saltiness (g L™) 0.2-15
Organic N (%) 0.1
CIN Max.50
Organic Carbon of Biological Origin (%) 30
Cu (mg kg™) <150
Zn (mg kg™ <150

Table 4. Some analytical data of zeolite stated by the producer

company.

Parameters Values
pH 7-8
Porosity (%) 30
Maximum Moisture (%) 20
Total Na (%) 0.5
Total K (%) 15
B (mg kg?) 2

Table 5. Some analytical data of vermicompost stated by the producer

company.
Parameters Values
Moisture (%) 40-45
Ash (%) 35-45
Organic Matter (%) 55-65
Humic Substance (%) 25-32
Total N (%) 1.0-2.0
Total P( % P,0s) 15-3.0
Total K (% K;0) 1.2-2.0
Ca (%) 4.0-6.0
Mg (%) 0.6-2.5
Fe (%) 0.6-2.5
Mn (mg kg™) 60-80

2.2. Methods

The percentage of moisture at pF, and pF;;, macro- and
micro- porosity, and total porosity for growing media are
determined by using sand-box apparatus according to the
principle of the tension methods (Richards 1949). Bulk density
was measured using the cylinder method (Black 1965), and pH
and EC was measured in a 1:5 (soil:water) aqueous extract
(Jackson 1967).

At the end of a trial period of 45 days, germination
percentage (%), seedling height (cm), stem diameter (mm),
seedling root length (mm), seedling root weight (g), and fresh
weight per seedling (g sedling™) were measured in seedlings
from the start of seedling until sufficient height for planting.
Macronutrient [nitrogen (N), phosphorus (P), potassium (K*),
magnesium (Mg?®"), calcium (Ca*")] and micronutrient [iron
(Fe®"), zinc (Zn?*), manganese (Mn?"), and copper (Cu®")]
contents were also analyzed in order to determine differences
observed on yield and quality of tomato seedlings in different
growing media.

Plant samples were washed by distilled water and dried in a
forced-air oven at 65 °C to reach constant weight. After drying,
dry weight of seedlings was recorded. The seedlings were
ground separately in a stainless mill to pass through a 20-mesh

screen and kept in clean polyethylene bags for analysis. Dried
seedling samples of 0.5 g each were digested with 10 ml nitric
acid (HNOs) / perchloric acid (HCIO,) (4:1) acid mixture on a
hot plate. The samples were then heated until a clear solution
was obtained. The same procedure was performed several times.
The samples were filtered and diluted to 100 ml using distilled
water, and the results were obtained using the ICP-OES (Perkin
Elmer-Inductively Coupled Plasma). Total N was determined by
a modified Kjeldahl method (Bremner 1965); the other elements
in wet-digested extracts were determined by spectrophotometer
for P (Bray and Kurtz 1945) and atomic absorption
spectrophotometer for K*, Ca**, Mg%, Fe?*, Cu?*, Zn*, and
Mn?" (Jackson 1962).

All data were analyzed by LSD multiple comparison test
(P<0.05). All results presented in the text are expressed as mean
values (n= 3). Statistical analyses were performed using IBM®
SPSS® Statistics 20 software package (IBM Corporation 2016).

3. Results and discussion

Changes in the percentage of germination (%), seedling
height (cm), root length (cm), shoot fresh weight (g seedling ™),
fresh root weight (g root %) and stem diameter (mm) of tomato
seedlings in different growing media are given in Table 6.

Considering the percentage of germination, all growing
media (GM) had statistically significant effects (P<0.01) and
M5 growth media showed the highest increase in germination
percentage. The lowest percentage of germination was obtained
in M1 and M2 medium (Table 6). Growth media with
vermicompost mixtures gave rise to a positive effect on
germination. It is thought that hormones and nutrient content in
vermicompost can be effective on the germination percentage.
In another study, it has been reported that vermicompost led to
significant increases in germination rate and plant growth
(Edwards and Burrows 1988).

One of the most important factors is the temperature of seed
germination. In our study has emerged importance of the
mixture level of the growth medium on the environment
temperature. Indeed, the highest germination percentage was
obtained in the high peat and vermicompost and the lowest
zeolite mixture medium. In such growth medium, moisture
content and color intensity of the growing medium is considered
to be an important factor for heat uptake and distribution by
growth media. Carter (2002) stated that temperature control is
very important in the seed germination period.

Significant differences (P<0.001) in the other quality
parameters of the emerging seedlings at different growth
medium (height, root length, fresh weight of seedling and root,
and stem diameter) was observed (Table 6). The highest
seedling height were obtained in M5 (23.18 cm), M3 (22.01 cm)
and M6 (21.74 cm) growth medium. These growth medium
have taken place in the same statistical group in terms of their
effect on seedling development. The lowest seedling height
value (4.88 cm) was obtained in M1 growth medium (Table 6).

Considering the length of seedling roots, significant
differences (P<0.001) occurred between the growing media,
and seedling root length was obtained at the highest value
(14.65 cm) in M2 medium. Meanwhile, the lowest root growth
(6.92 cm) was obtained in M1 medium. Seedling root length in
other growing medium were realized as M3>M5=M6>M4
(Table 6). Considering the fresh weight per seedling, significant
differences (P<0.001) in the fresh weights of the seedlings at
different growth media has occurred. The highest fresh weight
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of seedlings obtained from the four growths medium (M3, M4,
M5, and M6), and these environments have taken place in the
same group statistically. On the other hand, the lowest fresh
weight values of seedling roots (10.84 cm) were obtained in M1
medium. (Table 6).

The effect of growth medium on seedling root fresh weight
was significant (P<0.001). The highest root fresh weight values
in seedlings were obtained in M4, M5 and M6, and these
growth mediums have taken place in the same statistical group
in terms of their effect. On the other hand, the lowest values of
the fresh weight of the root were obtained in M1 (Table 6).

Significant differences (P<0.001) were obtained in stem
diameter of emerging seedlings at different growth media. The
highest values in seedling stem diameter were obtained from the
M3, M4, M5 and M6 growth medium, and these growth
medium have taken place in the same statistical group in terms
of their impact. The lowest value in the seedling stem diameter
was obtained in M1 medium (Table 6).

In our study, it was determined that the best growing
seedlings were obtained in the environment in which the
vermicompost mixture was placed. It is thought that the high
biological capacity of vermicompost may be effective in this
result. Indeed, when analytical data of vermicompost are
analyzed it is understood to include many components which
are important for the development of plant growth. Also
favorable results are obtained is considered to be also dependent
on the physical and physicochemical properties of the prepared
mixtures. Considering several physicochemical parameters
(moisture retention, temperature, retention of the nutrients and
nutrient available etc.) it was concluded that M3, M4, M5 and
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M6 are the most appropriate growth medium. Arancon et al.
(2004) have reported that higher values of germination rate in
vermicompost-amended plots may be ascribed to high porosity,
aeration, water holding capacity and presence of humic-like
materials and other plant growth-influencing substances (such
as plant growth hormones) produced by micro-organisms during
vermicomposting. In another study, highest homogeneity of
seed germination was observed in vermicompost. In addition,
plant height, root length and leaf area were higher in
vermicompost and biochar than in farmyard manure (Sarma and
Gagoi 2015).

Data on the nutrient content of seedlings is presented in
table 7. In terms of nutrients content (N, P, K*, Ca*, Mg*,
Fe?*, Zn?*, Mn?*, and Cu?") significant variations (P<0.001;
P<0.01) were obtained among growth mediums. Nitrogen (N)
content of the seedling was significantly affected (P<0.001) by
the different growth medium. The highest N value was obtained
with M5 medium and the lowest N value with M1 medium
(Table 7). The lack of nitrogen content of M1 medium led to the
lowest nitrogen concentration in seedlings. Altan et al. (1998)
stated that the zeolite does not contain nitrogen. However, it is
known that the zeolite has a high ammonia adsorption capacity
(Emma et al. 1999). Kurama et al. (1999) stated that due to slow
nitrogen release to external ambient by zeolite the effect of
zeolite on seed germination, plant growth and development are
quite slow.

Phosphorus (P) and potassium (K) content of the seedling
was significantly affected (P<0.001) by the different growth
medium (Table 7). The highest seedling P content was obtained

Table 6. Changes of germination percentage, seedling height, root length, seedling fresh weight, fresh root weight, and stem diameter of tomato

(Solanum lycopersicon cv. Sedef F1) in different growing media®.

GM Germination H_eight Root length Fresh_weight Fresh weight Stem diameter
(%) (seedling) (cm) (cm) (seedling) (g) (root) (g) (mm)
M1 91c? 4.88d 6.92d 10.84¢ 7.36d 1.51c
M2 92c 11.32¢ 14.65a 51.36b 15.43c 2.38b
M3 94ab 22.01a 11.99b 110.73a 30.48b 2.93a
M4 93b 18.79b 10.01c 101.07a 47.24a 2.84a
M5 96a 23.18a 11.10bc 110.60a 40.00a 2.93a
M6 93b 21.74a 10.82bc 109.26a 40.64a 2.91a
Mean 93.16 16.99 10.91 82.31 30.19 2.58
LSD (5%)° ** ok ok Hoxx ok ok
"Values of n= 3.
2The difference between values not shown with the same letter are significant at P<0.05 level.
Bx*P<0.001, **P<0.01
Table 7. Changes of the nutrient contents of the seedling of tomato (Solanum lycopersicon cv. Sedef F1) in different growing media®.
GM Nutrients (mg kg™)
N (%) P K Ca Mg Na Fe Zn Mn Cu
M1 0.0500? 385.40e  22093.33c  25090.00 6585.33a 901.23b 237.10a 158.40a 151.30a 9.68a
M2 0.140c 2774.66b  26590.00c  16653.33 1623.00d 916.56b 121.49b 132.46b 46.24b 5.89b
M3 0.260ab 3146.00a  36340.00b  17763.33 2431.00c  1322.00a 103.72b 93.81c 42.87b 4.19¢c
M4 0.240b 1556.00d  48700.00a  19743.33  3144.66b 976.50b 166.30b 75.98¢c 41.27b 2.87c
M5 0.310a 3081.00a  41470.00a  16456.66 2316.66c  1016.93b 100.23b 94.82c 37.98b 3.71c
M6 0.260ab 2505.33c  42130.00a  30740.00 2245.33c 949.60b 417.96a 82.37c 47.82b 3.69¢c
Mean 0.214 2241.00 36220.55 21074.44  3057.66 1013.80 191.13 106.31 61.24 5.00
LSD (5%)3 *kk *kk *kk ns KKk *k*k *%x *kk *kk *kk

Values of n= 3.

The difference between values not shown with the same letter are significant at P<0.05 level.

3xx+P<(,001, **P<0.01, ns: not significant.

© Akdeniz Universitesi Ziraat Fakiiltesi



Yilmaz et al./Mediterr Agric Sci (2017) 30(2): 163-168 167

within M3 and M5 medium, and the lowest seedling P content
observed with M1 medium. In addition, purple colorations were
seen in seedlings grown in M1 medium, and this purple color
formation may be caused by the accumulation of anthocyanins
on the leaves of seedlings grown in M1 environment. It is
thought that phosphorus availability or phosphorus uptake by
the plant may be negatively affect due to the fact that the zeolite
media temperature may be lower than that of other
environments. The highest seedling K content was obtained in
the M4, M5 and M6 growth medium, and K values among these
media were found to be similar. The lowest K value was
obtained in media M1 and M2.

Changes in the Ca content of the seedlings in all growth
media were not statistically significant. On the other hand,
differences in the seedlings Mg content at different growth
media were significant (P<0.001), and the highest Mg value
was obtained in M1 medium (Table 7). Sodium (Na) levels of
seedlings in the different growth medium were also significantly
(P<0.001) affected. The highest seedling Na content was
obtained in M3. Sodium (Na) values of seedlings in other media
were found to be similar (Table 7).

Considering the micro- nutrient contents in seedlings, the
highest zinc (Zn?*), manganese (Mn?*) and copper (Cu?*) values
in tomato seedlings were obtained in M1 medium, and the
highest iron (Fe®") value was obtained in M6 and M1 medium
(Table 7).

In our experiment, the scope of nutrient changes of tomato
seedling growing in the different growing media it is understood
that the media of M3 and M5 is quite appropriate in terms of
macro- nutrient contents especially N, P and K. When evaluated
in terms of the micro- nutrient contents, it is observed that a
lack of micro- nutrient content of seedling (except Fe) in
mediums which containing mixtures of peat and vermicompost.

4. Conclusions

According to the data evaluated; the effect of prepared
environments on the yield and quality of tomato seedlings is
dependent on the physical and chemical differences of the
materials used in growth medium. In general, in terms of
seedling growth and quality the best results were obtained with
mixture of peat and vermicompost growth medium. In practice,
peat is generally preferred in seedling production in agricultural
sector. However, a mixture of peat + vermicompost might
provide better results and can be successfully used in the
seedling production. Considering the seedling leaf analysis, the
higher N, P and K contents in seedlings were obtained with
mixture of peat and vermicompost medium compared with other
mediums (especially M1 and M2 medium). Especially M5
growth environment (65% Peat + 15% Zeolite + 20%
Vermicompost) provided the best results in the physical
seedling quality and efficiency parameters. The fact that the
physical, chemical and biological properties (holdings elements,
water retention capacity, macro and micro porosity balance, pH,
EC, humic and fulvic acid content, and heat retention and heat
dissipation capacity etc.) of the M5 environment are at an
appropriate level has affected seedling development in the
positive direction. The zeolites used in M5 medium can be seen
as an important factor for keep the nutrients in environment or
provide slow release of nutrient out of the environment.
Trinchera et al. (2010) reported that secondary roots and the
proliferation of root hairs in maize increase with both
micronized and granular clinoptilolite substrates where zeolite

particles adhere to the root surface, and this result is related to
the enhanced solubilization of organic matter and nutrient
availability. In this respect, the M5 growth medium may be seen
as an encouraging environment for optimization of root medium
and nutrient uptake in soilless culture. Also in this study, it has
been understood that need studies to determine the interactions
between the vermicompost and other used substrates in soilless
culture.

Acknowledgment

We would like to thank the Scientific and Technological
Research Council of Turkey (TUBITAK) for financing the
project (No. 2209-A). This work was presented at an
international symposium (ICONSETE 2016) and published as
an abstract in its congress book.

References

Altan A, Altan O, Algigek A, Nalbant M, Akbas Y (1998) Utilization of
natural zeolite in poultry. I. Effects of adding zeolite to litter on
broiler performance, litter moisture and ammonia concentration.
Aegean Univ. J. Agric. Fac. 35, 9-16.

Anonymous (2016) Statistics. www.tuik.gov.tr.

Arancon NQ, Edwards CA, Atiyeh RM, Metzger JD (2004) Effects of
vermicomposts produced from food waste on the growth and yields
of greenhouse peppers. Bioresource Technology 93: 139-144.

Atiyeh RM, Subler S, Edwards CA, Metzger, JD (1999) Growth of
tomato plants in horticultural potting media amended with
vermicompost. Pedobiologia. 43: 724-728.

Benitez E, Nogales R, Elvira C, Masciandaro G, Ceccanti, B (1999)
Enzyme activities as indicators of the stabilization of sewage sludge
composting with Eisenia foetida. Bioresource Technology
67(3): 297-303.

Black CA (1965) Methods of soil analysis, part 2. Madison, Wisc. ASA.

Bray RH, Kurtz LT (1945) Determination of total organic and available
forms of phosphorus in soils. Soil Science 59: 39-45.

Bremner JM (1965) Total nitrogen. In. C.A. Black et al. (ed.) Methods
of Soil Analysis. Part 2. Agronomy 9: 1149-1178. Am. Soc. of
Agron., Inc. Madison, Wisconsin, USA.

Butt SJ (2001) The effects of different growing media on the growth,
yield and quality in cos lettuce and tomato grown in a cold
glasshouse. Ph.D. Thesis. Tekirdag Agricultural Faculty
Horticultural Major Sciences. Tekirdag, Turkey.

Carter B (2002) Rosanne Minarovic Cooparative Extension Service,
Box 7602 North Carolina State University Raleigh, NC 27695-
7602.

Chaoui HI, Zibilske LM, Ohno T (2003) Effects of earthworm casts and
compost on soil microbial activity and plant nutrient availability.
Soil Biology and Biochemistry 35: 295-302.

Demidov AS, Khrzhanovskii Ya V, Shaidorov Yu I, Geodakyan, RO
(1991) Growing of Basella rubra L. as a salad crop. Rastitel’'nye-
Resury, 27(3): 124-129.

Edwards CA, Burrows | (1988) The potential of earthworm composts as
plant growth media. In C.A. Edwards, & E. Neuhauser, (Eds.),
Earthworms in waste and environmental management (pp 21-32),
The Hague, SPB Academic Press.

Edwards CA (2004) Earthworm ecology, 2nd edn. CRC Press, Boca
Raton.

Edwards CA, Arancon NQ (2004) Interactions among organic matter
earthworms and microorganisms in promoting plant growth. In:
Functions and Management of Organic Matter in Agro ecosystems.
C. A. Edwards (Editor in Chief), F. Magdoff, R. Weil (Eds.) Crc
Press, Boca Raton, p. 327-376.

© Akdeniz Universitesi Ziraat Fakiiltesi


http://www.tuik.gov.tr/

168 Yilmaz et al./Mediterr Agric Sci (2017) 30(2): 163-168

Emma LC, Nicholas AB, David CS, Geoffrey WS (1999) Ammonia
removal from wastewaters using natural Australian zeolite. II. Pilot-
Scale study using continuous packed column process. Separation
Science and Technology. 34(14): 2741-2760.

Garg VK, Gupta R, Yadav A (2008) Vermicomposting technology for
solid waste management. In: Ashok Pandey, Carlos Ricardo Soccol,
Christian Larroche (Eds.), Potential of Vermicomposting
Technology in Solid Waste Management. Springer New York.
Part.4, pp. 468-511. DOI 10.1007/978-0-387-75213-6_20.

Giil A, Erogul D, Ongun AR (2005) Comparison of the use of zeolite
and perlite as substrate for crisphead lettuce. Scientia Horticulturae
106: 464-471.

Harland J, Lane S, Price D (1999) Further experiences with recycled
zeolite as a substrate for the sweet pepper crop. Acta Horticulturae
481: 187-194.

Hidalgo PR, Matta FB, Harkess RL (2006) Physical and chemical
properties of substrates containing earthworm castings and effects
on marigold growth. Horticultural Science. 41: 1474-1476.

IBM Corporation (2014) IBM SPSS Statistics 20. IBM Corporation,
Armonk, NY. URL
https://www.ibm.com/analytics/us/en/technology/spss/spss-
trials.html.

Jackson ML (1962) Soil Chemical Analyses. Constable and Company
Ltd., England.

Jackson MC (1967) Soil Chemical Analysis. New Delhi, India: Prentice
Hall of India.

Jones BRJ (2005) Hydroponics: A practical guide for the soilless
grower, 2nd ed. Boca Raton, FI.: St. Lucie Press.

Kaska N, Yilmaz M (1974) The cultivation technique of horticultural
crops. Cukurova University, Agriculture Faculty Publications,
No: 79, Ankara. (In Turkish).

Kilig AM, Kilig O (2006) Evaluation of Gordes zeolite deposit of
Turkey for industrial uses. Asian Journal of Chemistry 18(2): 1405-
1412.

Kipp JA, Wever G, Krej C (2000) International substrate manual.
Amsterdam, the Netherlands: Elsevier.

Kithome M, Paul JW, Lavkulich LM, Bomke AA (1999) Effect of pH
on ammonium adsorption by natural zeolite clinoptilolite.
Communications in  Soil Sciences and Plant Analysis
30(9&10): 1417-1430.

Kurama H, Ataslar E, Potoglu I, Savaroglu F, Tokur S (1999) Zeolit’in
Triticum sativum ve Cucumis sativus ‘un Cimlenme, Bitki Bilylime
ve Geligmesi Uzerine Etkileri. Cev-Kor. 8: 21 (In Turkish).

Markovi¢ V, Takac A, Ilin Z (1995) Enriched zeolite as a substrate
component in the production of pepper and tomato seedlings. Acta
Horticulturae 396: 321-328.

Mumpton FA (1999) La roca: Uses of natural zeolites in agriculture and
industry. Proceedings of the National Academy of Sciences. USA.
96(7): 3463-3470. doi: 10.1073/pnas.96.7.3463.

Nelson PV (2003) Greenhouse operation and management. 6th ed.
Upper Saddle River, N.J.: Prentice Hall.

Raviv M, Wallach R, Silber A, Bar—Tal A (2002) Substrates and their
analysis. In: D. Savvas and H. Passam (Ed), Hydroponic production
of vegetables and ornamentals, Athens, Greece: Embryo, pp. 25—
101.

Rehakova M, Cuvanova S, Dzivak M, Rimar J, Gaval’ova Z (2004)
Agricultural and agrochemical uses of natural zeolite of the
clinoptilolite type. Current Opinion in Solid State and Materials
8: 397.

Richards LA (1949) Methods of measuring soil moisture tension. Soil
Science 68(1): 95.

Sarma B, Gogoi N (2015) Germination and seedling growth of Okra
(Abelmoschus esculentus L.) as influenced by organic amendments
Cogent Food & Agriculture.
DOI:10.1080/23311932.2015.1030906.

Trinchera A, Rivera CM, Rinaldi S, Salerno A, Rea E, Sequi P (2010)
Granular size effect of clinoptilolite on maize seedlings growth.
The Open Agriculture Journal. 4: 23-30.

TUIK (2015) http://www.tuik.gov.tr/PreTablo.do?alt_id=1001
(Accessed 09.08.2015).

© Akdeniz Universitesi Ziraat Fakiiltesi


http://journals.lww.com/soilsci/toc/1949/07000
http://www.tuik.gov.tr/PreTablo.do?alt_id=1001

