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Abstract. Vermicompost helps soil to retain water, regulate soil temperature and structure, and helps
solve the soil’s nutrient problem. The aim of our study was to compare chemical fertilization with
different rates of vermicompost treatments in terms of growth properties, yield, and nutrient element
content of spinach (Spinacia oleracea L.). We also determined the appropriate rate of vermicompost
application for spinach. The experiment was repeated in two successive seasons with five treatments in
the experiment: (1) control, (2) 1ton vermicompost/ha, (3) 2 tons vermicompost/ha, (4) 3tons
vermicompost/ha, and (5) chemical fertilization. To assess the effect of the treatments in spinach, soil
analysis (soil texture, pH, EC (Electrical Conductivity), percent of calcium carbonate, organic matter, and
macro and micro elements), plant height and yield of spinach plants, and plant nutrient element analysis
of spinach leaves were performed. Evaluation of the results indicated that vermicompost had positive
impacts on the soil and the plant; the best treatment rate was 3 t/ha. This vermicompost application rate
resulted in a 149% yield increase compared with the chemical fertilizer treatment.

Keywords: earthworm, vermicompost, Spinacia oleracea, organic fertilizers, yield, nutrient elements
content

Introduction

The main objective of agricultural production is to provide food enough to meet
requirements of population in good quality that will not harm health of human beings.
For this purpose, it requires the development and application of new inputs and
technologies. New agricultural technologies, including agrochemicals (fertilizers,
pesticides, etc.) and intercropping, are being randomly used to improve the success of
modern agriculture. Some of these technologies are causing our soils to become ill,
environmental pollution, increased pest resistance in weeds, insects, and pathogens, and
toxic residue in our food (Narwal, 2010). Fertilizing and irrigation are the main inputs
in agricultural production. Prior to any kind of agricultural production, artificial
fertilizer is applied to eliminate nutritional deficiencies in the soil. For an effective
fertilizing process, improving the availability of the nutrients supplied by fertilizers is
equally significant as the fertilizer treatment. Nowadays, human and public health and
environmental protection is becoming more important and in this case, using of organic
manure is getting higher. Organic matter has a fairly high importance on soil
productivity and soil serves several functions. For this reason, farmers preserve
resources to minimize the artificial inputs from outside the farm, and manage pests
(weeds, insects, nematodes, and pathogens) via internal regulating mechanisms based
on ecological principles and processes (Stinner and House, 1987). Organic agriculture is
often proposed as a solution for producing food with reduced environmental impact
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(Tilman, 1998; Scialabba and Hattam, 2002). Even though it constitutes less than 1% of
global agricultural land and less than 5% of retail sales in most high-income countries
(Willer and Lernoud, 2015), it represents one of the fastest growing food sectors
(Seufert et al., 2017).

Vermicompost, the excreta of the earthworm, can improve the health and nutrients of
the soil. Vermicompost helps manage waste as a valuable compost and biocontrol agent.
In soil quality improvement, using vermicompost waste is better compared to traditional
compost and landfill (Joshi et al., 2015). Vermicompost helps with soil water retention,
regulation of soil temperature and structure, enhances the soil with nutrient elements,
and increases the biomass and community structure of the microbial population (Vivas
et al., 2009).

Vermicomposting consists of a simple biotechnological composting process. Here,
certain earthworms were used to improve the waste conversion process to yield a better
product. This mesophilic process used microorganisms and earthworms that are active
between 10 and 32 °C, which are not ambient values; however, these are the values in
moist organic material. This process is faster than composting. The reason for this is
that the material passes through the earthworm’s gut, then a transformation occurs that
results with earthworm’s castings (worm manure) that are rich in microbial activity and
plant growth regulators and fortified with pest repellence attributes. Briefly, earthworms
can transform garbage into “gold” (Gandhi et al., 1997; Julka, 2001). Vermicompost has
1.5-2.2% nitrogen (N), 1.8-2.2% phosphorus (P), and 1.0-1.5% potassium (K) on
average. The organic carbon content is between 9.15 and 17.98%, and has
micronutrients such as sodium (Na), calcium (Ca), zinc (Zn), sulphur (S), magnesium
(Mg), and iron (Fe) (Adhikary, 2012).

Spinach (Spinacia oleracea L.) is a significant source of organominerals, such as
vitamin B complex, ascorbic acid, vitamin A, and carotin (Bhattacharjee et al., 1998).
Spinach is used in a variety of meals, such salad and with cooked meat and vegetable
dishes (Molerock and Correll, 2008). Spinach best grows in cool climates, in an
optimum temperature range of 7 and 24 °C. The minimum temperature for spinach seed
germination is 2 °C (Molerock and Correll, 2008).

Crop yield quality and size are mostly affected by fertilization (Jablonska-Ceglarek
and Rosa, 2001), so fertilizers with different mineral constituents create differences in
the yield and nutritional quality of the crop. Nitrogen is the nutrient that most strongly
affects nutritional quality differences in crops. Simultaneously treatment with organic
and inorganic fertilizer has been found to be the most effective at improving crop
production (Chaoui et al., 2003). Organic foods are often seen as healthier and more
nutritious and better in quality compared with conventionally grown foods (Kansal et
al., 1981).

Due to its short vegetation period and high market demand during winter, the amount
of spinach production increases each year. Spinach is a vegetable whose leaves are
eaten, thus the treatment of fertilizers and pesticides used during its growth requires
special attention. This study was performed to determine the impacts of different rates
of vermicompost application on soil properties, yield, and some growth properties and
nutrient element contents in the leaves of spinach. Also, vermicompost treatments with
and without artificial fertilizers were compared in terms of the properties mentioned
above. We believe that this is a healthy and environment-friendly production technique
for both the soil and crop, and especially in leafy vegetables such as spinach.
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Materials and methods
Experiment location

The experiment was performed at the research station belonging to Turgut Ozal
University, Agriculture Faculty, Department of Horticulture, Battalgazi, Malatya,
Turkey (38°25°22” N and 38°21°30” E) in two consecutive years: spring (from March
to May) and fall (from October to April) 2015. The study area is located 790 m above
the sea level. The soil of the study area has an A-Bw-C1-C2 horizon with a soil
temperature typical of mesic soil, an acidic moisture regime, and is classified as
Aridisol Ordo, Orthid sub Ordo, and Camborthid big group. The soils in the
experimental area were clean with no pesticide residues as no planting had occurred in
the experimental area for a long time. For the second growing period in the experiment,
a location that was not cultivated in the first year was used. Soil analyses were
performed both prior to seed sowing (no treatment) and also after harvesting for V300
(3 tons vermicompost/ha) treatment in the first (spring) season.

Plant material

As plant material, the Sprinter Fy spinach cultivar with high market quality, flat leaf
surface, wide oval shape, bright green color, bump foliar, medium stem with high yield
potential, and fast growth was used in the experiment (Fig. 1).
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Figure 1. Sprinter F1 is spinach cultivar that used in the experiment

Experimental layout

In spring 2015, two months elapsed from sowing the spinach seeds to the harvest
time; the time elapsed in fall was around six months. In this study, the experiment was
repeated in two successive seasons: the first experiment covered the spring season from
March 19 to May 14, 2015, for a total of 56 days, and the second experiment covered
the autumn-winter-early spring seasons from October 8, 2015 to April 17, 2016, for a
total of 192 days. The Malatya climate data during the spinach growing season in the
field are provided in Table 1.
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Table 1. Average climate data in Malatya, Turkey during the 2015 and 2016 growing season

October | November | December | January | February | March | April | May | June

Average
temperature 154 7.8 2.0 -0.4 14 6.7 13.0 | 18.1 | 23.2
O
Average
highest
temperature
O
Average
lowest
temperature
O
Average sun
bathing time 7.3 5.2 3.1 3.2 4.2 5.4 72 | 92 | 114
(hour)
Average
rainy days
Monthly total
rainfall 35.9 42.0 39.9 42.1 40.7 489 | 54.7 | 445 | 17.1
amount (mm)

21.3 12.5 54 3.1 53 115 | 183 | 239 | 295

9.8 3.9 —-0.9 -34 —2.2 21 75 | 119 16.1

6.7 8.6 10.8 10.9 10.7 11.0 | 10.7 | 10.0 | 4.7

Experimental design

The experiment had a random block design with five treatments and three
replications. For each replication, treatment size was 5 X 5 m = 25 m? and the total area
used in the experiment excluding edge effects was 375 m2. Since the experimental area
is small, spinach seeds were planted by spreading, and the space between the rows and
over rows was 30 cm and 2-3 cm, respectively, by rarefying the plants after emergence.
Seeding density was 375 g seed in each area (10 kg per ha).

Fertilizer treatments in the experiment were as follows: (1) control without fertilizer
(WF), (2) 1 ton (1000 kg) vermicompost/ha (V100), (3) 2 tons (2000 kg)
vermicompost/ha (V200), (4) 3 tons (3000 kg) vermicompost/ha (V300), and (5)
chemical fertilization (CF). The CF treatment included a mixture of pure N 1 kg/ha,
1 kg/ha phosphorus (P20s), and 1.2 kg/ha potassium (K20), by calculating chemical
fertilizers (Salk et al., 2008). Vermicompost was produced in our faculty and is not
commercial. After the production, pre-experiments were carried out to determine the
dose in pepper, tomatoes, lettuce and spinach growing. In the results of spinach; we
were not found significant difference between 3 tons of vermicompost treatment per
hectare and 4 tons of vermicompost treatment per hectare in terms of plant growth and
yield. For this reason, we preferred 3 tons of vermicompost/ha dose at the highest level
in vermicompost treatments in this study.

In the spring growing period (Experiment 1), fertilizer treatments were applied into
the soil two days prior to sowing as base fertilizer. In the fall growing period
(Experiment 2), fertilization was performed in two parts: the first treatment was two
days before sowing and the second treatment occurred during the first week of March
after the cold winter days. Vermicompost was applied in solid form at the same time as
chemical fertilization. In spring, all treatments were applied before sowing once as base
fertilizer and in the fall season, it was split into parts: half prior to planting and the rest
in the first week of March.
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Vermicompost preparation

In the experiment, solid vermicompost produced at Turgut Ozal University was used.
Vermicompost was produced by Eisenia foetida worms called Red California worms.
We also used farm manure. We placed the worms inside the farm manure.
Vermicomposting is a mesophilic process where the farm manure passes through the
earthworm gut, and changes the physical and chemical structures of the farm manure
occurs through this process, which results in earthworm castings (worm manure). The
worm gut activity is similar to a small composting tube that mixes conditions and
inoculates residues (Abbot and Parker, 1981). A synergistic relationship exists between
moisture, pH, and microbial populations in the gut, creating an excellent byproduct
appears (Becker, 1991). Every day, worms swallow large soil amounts that have organic
substances (germs, plants, and animal debris). They then grind these in their gizzard and
digest them in intestine with the help of enzymes (Scheu, 1987). Then, solid forms of
vermicompost were applied to the spinach-growing soil. The properties of
vermicompost used in the experiment are outlined in Table 2.

Table 2. Some selected physical and chemical properties of the vermicompost used in the
experiment (Durak et al., 2017)

Property Value
pH 8.89
CaCOs 11.30%
Organic matter 55%
EC 0.009 mmhos /cm
Total nitrogen 2.55%
P (combustion) 9376.46 ppm
P (Olsen method-plant available phosphorous) 2193 ppm
K (Dry combustion method) 11263.10 ppm
K (Soluble in ammonium acetate) 4635 ppm
Ca (Combustion method) 24366.60 ppm
Ca (Soluble in ammonium acetate) 2072.25 ppm
Mg (Dry combustion) 4894.80 ppm
Fe (Dry combustion) 3797.45 ppm
Mn (Dry combustion) 275.08 ppm
Zn (Dry combustion) 94.95 ppm

Soil analyses

Soil analyses were performed both prior to planting and after harvesting. Soil texture
analyses was performed according to the Bouyoucos hydrometer method (Gee and
Bauder, 1986). pH and electrical conductivity (EC) were measured in soil water
solution (1:2.5) using a pH meter with glass electrode and EC meter, respectively
(Richards, 1954). Calcium carbonate (CaCOs) (%) was measured using a Scheibler
Calcimeter (Allison and Moodie, 1965). Soil organic matter was measured according to
the modified Walkley-Black method with the soil available in terms of phosphorous
(mg kg™!) by measuring P in the extracts after NaHCO3 extraction using a spectrometer
(Olsen and Dean, 1965). Extractable potassium (mg 100 g~ ') was determined in a flame
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photometer in the extracts obtained after soils were shaken and centrifuged with 1 N
(Normality) ammonium acetate three times (Knudsen et al., 1982). Total and extractable
Fe, Zn, Cu, and Mn (mg kg™') in the extracts were determined by shaking soil HNO3
and HCI mixtures (Baker and Amacher, 1982) and diethylenetriaminepentaacetic acid
(DTPA) solution using an Atomic Adsorption Spectrometer and filtered using Whatman
42 filter paper (Lindsay and Norvell, 1978).

Plant analyses and measurements

Plant heights of 10 randomly selected plants from each replicate were measured and
averaged. The roots of the spinach were separated from the aboveground biomass when
determining fresh matter yield. For yield measurements, plants at harvesting time were
harvested with their roots and weighed after roots were washed and separated from the
aboveground biomass. The final yields were obtained as kg m™. For the analyses of the
nutrients in plant leaves, 10 mature leaves were randomly selected from each replication
and were first washed with tap water, later with pure water, and left for air drying. Dried
leaves were grinded in a mill and prepared for analyses (Kacar, 1995; Kacar and Inal,
2008).

For nitrogen analyses, a modified Kjeldahl method was used (Kacar, 1995; Kacar
and Inal, 2008). Phosphorous, in dried and grinded plant samples, was measured in the
extracts prepared according to dry combustion. P in the extracts was determined with
the Vanado Molibdo Phosphoric Yellow Color method using a spectrophotometer. For
measurement of K content, a flame photometer was used to measure K in the extracts
obtained by extracting the plants burned in ash furnace using 3 N HCI as previously
described (Plank, 1992). Fe, Mn, Mg, and Zn contents in the plant were determined
using an Atomic Adsorption Spectrometer after the plants were burnt according to the
dry combustion method (Kacar, 1995; Kacar and Inal, 2008; Karaman et al., 2012).

Data analyses

Experiments were performed over two successive seasons according to a randomized
block design with three replications. The data obtained each season were subjected to
analysis of variance (ANOVA) using the SPSS statistical program (SPSS version 20).
The data were subjected to factorial analysis of variance, and means were separated by a
Duncan’s Post Hoc Test with a 5% level of significance (p < 0.05).

There were no significant interactions and differences between two growing season;
therefore, the data belongs to Experiment 1 and Experiment 2 were pooled.
Accordingly, the results have not presented separately.

Results

The results of both soil and also plant analyses in two successive growing seasons
(spring and fall growing period) were very close to each other. For this reason, the
results presented in the study were obtained by averaging the values of both.

Soil analyses results

The results of soil analyses performed both prior to sowing (no treatment) and after
harvesting in V300 treatment area (3 tons/ha) are presented in Table 3.
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Table 3. Some physical and chemical properties of experimental area soils prior to planting
(no treatment) and after harvesting (in V300 treatment) in the spring season

Soil

Salt CaCOs3jorganic| P K Ca Mg Fe | Mn | Zn | Cu
(mmhos/cm)| (%) m(att)er (ppm)| (ppm) | (PPM) |(PPM) |(PPM)|(PPM) |(PPM)|(PPM)
%
BS Clay |7.49 0.005 39.9 1.92 | 9.00 [526.15[4038.46|689.18| 0.59 | 6.42 | 0.58 | 2.55
loam |+0.21 +0.001 +0.2 | £0.12 |£0.91 [£12.12| £29.31 (£24.22{+0.09 | +£0.71 | £0.11 | £0.45

AH Clay |7.45 0.006 39.9 1.97 | 7.58 |497.73]4200.00|765.53| 0.63 | 21.9 | 0.68 | 2.85
loam |+0.23| +0.001 +0.3 | +0.13 |+0.77 |£10.09| £37.14 |+34.53|£0.09 | +1.14 | +0.09 | +0.24

BS: Before sowing (no treatment); AH: After harvesting

Season|Texture| pH

Differences in the results of the analyses performed in soil samples obtained before
planting and after harvesting were observed and pH decreased within the short growing
period. Similarly, a decline was observed in salt content. Due to plant uptake, potassium
and phosphorous contents of the soils decreased whereas organic matter levels increased
(Table 3).

Plant height and yield production of spinach

We observed that spinach height and yield were better in the vermicompost
treatments compared with both the control and chemical fertilizer treatments (Figs. 2
and 3). Total spinach yield was statistically different at a p < 0.01 significance level in
V200 and V300 vermicompost treatments compared with the control (Fig. 3).
According to the evaluation of plant heights, V300 treatment was found statistically
different at the p < 0.05 significance level (Fig. 2). V300 treatment had higher values
recorded than other treatments.

27.67a
30,00
25.00b
22.83 bc
25,00 22.00cd
‘é" 19.57d
A
£ 20,00
.o
2
+ 15,00
c
i)
o
10,00
5,00
0,00
WF V100 V200 V300 CF
Treatments

Figure 2. Average plant heights of the control treated with chemical fertilizer and
vermicompost at different application rates. The means followed by different letters are
significantly different (p < 0.05). WF: control without fertilizer, V100: 1 ton vermicompost/ha,
V200: 2 tons vermicompost/ha, V300: 3 tons vermicompost/ha, and CF: chemical fertilizer
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Figure 3. Crop yields of vermicompost and chemical fertilizer at different rates and control
areas. The means followed by different letters are significantly different (p < 0.01). WF: control
without fertilizer, V100: 1 ton vermicompost/ha, V200: 2 tons vermicompost/ha, V300: 3 tons
vermicompost/ha, and CF: chemical fertilizer

The highest yield was obtained with the V300 treatment followed by the V200
treatment. The yields obtained with V100, CF, and WF treatments were closer to each
other, and therefore, they were grouped together (Fig. 3).

Nutrient contents of plant leaves

As seen in Table 4, all nutrients except Fe were within the adequate limits for
spinach. The main reasons for the high Fe content were that the experimental area had
not been used for agriculture for a long time, and the higher Fe uptakes from
vermicompost. In terms of N content, no difference was observed among the treatments.
The lowest nitrogen content was recorded in the controls with no fertilizer treatment. In
statistical evaluation, the V100 treatment was grouped with the treatment with no
fertilizer. The highest nitrogen content was determined in the chemical fertilizer
treatment areas, followed by the V300 then V200 treatments.

P content ranged between 0.23 and 0.36%. The lowest P content was recorded in the
treatments with no fertilizer, whereas the values in other treatments were found close to
each other. There were no statistically significant differences among treatments.

The K content of the leaves ranged between 2.12 and 6.03%. These differences were
found to be statistically significant. The lowest K content was found in the treatments
with no fertilizer, whereas the highest values were determined in the treatments where
only chemical fertilizers were applied. V100 treatment was grouped with the WF
treatment. V200 and V300 treatments were also grouped together.

Ca content of different fertilizer treatments were not found to be statistically
significant and they ranged between 0.68 and 0.81% in the study.
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Table 4. Average nutrient contents of plant leaves treated with Vermicompost, chemical
fertilizer at different doses and the controls

Treatments N P K Ca Mg Fe Mn Zn Cu
(%) (%) (%) (%) (%) | (ppm) | (ppm) | (PPmM) | (PPM)
WF 2.76¢ 0.23 2.12b 0.68 0.49b | 201.3c | 425 23.9 5.6
V100 3.28¢ 0.32 3.21b 0.80 | 0.57ab | 4349b | 48.9 40.2 5.8
V200 401b 036 |4.77ab| 0.78 0.75a | 561.5a | 645 45.6 6.9
V300 486ab | 036 |497ab | 0381 0.79a | 534.3a | 68.2 53.8 7.3
CF 493a 0.32 6.03 a 0.76 0.65a | 496.4a | 58.7 44.4 7.5
Adequate
range for | 4.0-6.0 | 0.3-0.6 | 5.0-8.0 | 0.7-1.2 | 0.6-1.0 | 60-200 | 30-250 | 25-100 | 5-25
spinach

The means in the columns followed by different letters are significantly different (p < 0.05). WF:
control without fertilizer, V100: 1 ton vermicompost/ha, V200: 2 tons vermicompost/ha, VV300: 3 tons
vermicompost/ha, and CF: chemical fertilizer

According to nutrient analyses results of the leaves, the Mg content of the leaves
differed among fertilizer treatments and these differences were statistically significant.
The highest Mg content (0.79%) was found in V300 treatment, followed by V200 and
CF (0.75-0.65%), and these three treatments were grouped together. The lowest Mg
content (0.49%) was determined in the WF treatment, whereas the V100 treatment with
0.57% was the intermediate group.

The evaluation of the results of the micronutrients in spinach leaves showed that the
V300 and V200 treatments provided better results than other treatments. Among the
micronutrients, the Fe content impacted the micronutrients significantly (p < 0.05) in
the treatments. Fe content was the highest in the V200, V300, and CF treatments
followed by the V100 treatment, whereas the lowest values were recorded in the WF
treatment. In the spinach leaves, the Mn levels ranged between 42.5 and 68.2 ppm, Zn
content from 23.9 to 53.8 ppm, and Cu content from 5.6 to 7.5 ppm, depending on
different treatments. Differences in the contents of the Mn, Zn, and Cu were not found
to be statistically significant (p < 0.05).

Discussion

Vermicompost treatment enhanced the quality parameters of the soil in this study.
Castings slow-released nutrients that were ready for the plants. Castings include plant
nutrients, which dissolve slowly instead of immediate nutrient leaching, as they are
encased in a mucus membrane secreted by the worms. The product has excellent soil
structure, porosity, aeration, and water retention capabilities, which may insulate plant
roots against extreme temperature values, decrease erosion, and control weeds (Suhane,
2007). According to the results of the soil analysis in our study, the pH was reduced in
the soil and the organic matter was increased by vermicompost application. Spinach
plants had uptake potassium and phosphorus more with vermicompost treatments, so
the amount of phosphorus and potassium in the soil was decreased.

Red worm castings have high humus content, which causes soil particles to be
converted into clusters to form a channel for air by improving the capacity to retain
water. When there are worms, the compacted soil is regenerated and the water
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penetration is enhanced at a rate of more than 50% (Ghabbour, 1973; Capowiez et al.,
2009). In this study, vermicompost has provided nutrients to be better uptake by the
spinach plant by increasing the proportion of humus in the soil. The humic acid in
humus forms binding sites for plant nutrients like calcium, iron, potassium, sulfur, and
phosphorus. Humic acid also enhances the plant growth although at a slower rate
(Canellas et al., 2002), and is essential for plants from three aspects: (1) enabling the
plant to extract nutrients from soil, (2) helping the plant to dissolve minerals that were
not dissolved for delivering organic matter to plants for use, and (3) stimulating root
growth. Even the chemical fertilizers are more effective when humus is present in the
soil (Li and Li, 2010). Bacteria, enzymes, and remnants of plant materials not digested
by worms exist in worm castings, which are actually biologically active mounds. The
microbial activities of useful microorganisms in the castings are considerable, with rates
1-20 times greater than in normal soil (Edwards, 1995). Nitrogen-fixing and phosphate
solubilizing bacteria, known as the actinomycetes and mycorrhizal fungi, are among
useful soil microorganisms stimulated by earth worms (Scheu, 1987). Castings also
slow-release nutrients ready for plants and include plant nutrients encased in mucus
membranes (Edwards, 1995).

In this study, macro and micro nutrient contents of spinach leaves were found to be
higher in vermicompost treatments than WF and CF treatments. The micro and macro
nutrient contents of spinach in the areas treated with vermicompost were always higher
compared with those treated with mineral components, which can be explained by the
release and availability of the micronutrients after mineralization of organic materials.
Additionally, microorganisms in the rhizosphere area provided by vermicompost
treatment increased the availability of nutrients, such as N and K, by improving nitrogen
fixation and biological solubilization of P (Mackey et al., 1982). Fe content was
determined high when compared with reference values for spinach, which may be
attributed to the fact that no agricultural activity had been performed in the study area.

According to the results of previous studies, vermicompost treatments were increased
nutrient element contents in the leaves of plants. Pant et al. (2009) reported relatively
higher micro nutrient (B, Zn, Fe, Mn, and Cu) content in the tissues of pak choi
(Brassica rapa) in the areas treated with non-treated vermicompost tea than those
treated with aerated vermicompost tea and vermicompost tea combined with microbial
enhancer and controls. Vermicompost treatment increased nutrient content in different
parts of other plants, such as N, P, K, Zn, Fe, Mn, and Cu content in geranium
(Pelargonium species); average N, P, K, and Mg content of plant tissue of Amaranthus
species; and N, P, K, and Ca content of groundnut (Arachis hypogaea) and marigold
(Tagetes) plant; K, Zn, Ca, and Fe content in the stem and root tissues of Lilium plant;
K and Ca content of marigold (Tagetes) plants; total N (%) of spinach; and P content in
the leaves of maize (Zea mays) (Peyvast et al., 2007; Uma and Malathi, 2009;
Shadanpour et al., 2011; Chand et al., 2011; Mycin et al., 2010; Gutie’rrez-Miceli et al.,
2008; Moghadam et al., 2012). Uptake of P and K by African marigold (Tagetes) and
uptake of K, Ca, and Mg by Setaria grass plants increased with vermicompost treatment
(Jaworska and Kmiecik, 1999; Mackey et al., 1982). Increases in uptake and availability
of nutrients were explained by improved soil environment and humic acid released after
vermicompost treatment (Mycin et al., 2010; Stevenson, 1991; Nardi et al., 2002).

In our study, the reason for the improvement of soil properties and increase of
nutrient element contents in the spinach leaves due to vermicompost treatments; it can
be said that the increase of soil humus and microbial activity in vermicompost
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applications is the result of decrease of pH value. Hence, the plant height and yield of
the plants in the vermicompost treatments were found to be higher than control and
chemical treatments.

According to the results of this study, with the highest plant height values obtained
in V300 treatment in mind, the treatments of V200, V100, CF, and WF followed these
values, in decreasing order. The plant height results for V300 treatment were
determined to be 29% higher than WF treatment and 20% higher than CF treatment.

In similar study results, vermicompost treatments were found to increase plant
height. Peyvast et al. (2008) investigated the effect of four different application rates (0,
10, 20, and 30%) of vermicompost obtained from cattle dung on spinach (Spinacia
oleracea) under greenhouse conditions. The highest and the lowest plant heights in
spinach were obtained with the 10% and 0% vermicompost treatments, respectively,
and the plant heights of 14.30 and 14.16 cm were obtained with 20% and 30%
vermicompost treatments, respectively. Although the treatments of all three
vermicompost rates compared to the control increased the plant heights, these increases
were not statistically significant. In potato (Solanum tuberosum), the highest plant
height was obtained through incorporating a mixture of vermicompost and 100% NPKS
(chemical fertilizers) into soil (Alam et al., 2007). Taller plants in Abelmoschus
esculentus were obtained with vermicompost prepared from perithecium compared to
control (only soil) and soil treated with the recommended dose of chemical fertilizers
(Vijaya et al., 2008). Crossandra (Crossandra undulaefolia) had higher plant heights
when it was grown in pots treated with water and hyacinth vermicompost compared to
when grown in the control pots and in pots treated with water hyacinth compost
(Gajalakshmi and Abbasi, 2002). A six t/ha vermicompost treatment improved the plant
height of eggplant (Solanum melongena) compared to control without vermicompost
(Moraditochaee et al., 2011).

In some of the previous studies, the growth responses of plants in vermicompost was
claimed to resemble hormone-induced activity, which is related to high nutrient levels,
humic acid, and humate in vermicompost (Edwards and Burrows, 1988; Atiyeh et al.,
2000a). A positive vermicompost effect includes stimulated seed germination in some
plants like green gram (Karmegam et al., 1999), tomato (Atiyeh, 2000b; Zaller, 2007),
petunia (Arancon et al., 2008), and pine trees (Lazcano et al.,, 2010). Also,
vermicompost enhances vegetative growth by stimulating shoot and root development
(Edwards et al., 2004) and the morphology of the seedling by increasing leaf area and
root branching (Lazcano et al., 2009) Vermicompost has been demonstrated to stimulate
plant flowering and increase the number and biomass of flowers (Arancon et al., 2008;
Atiyeh et al., 2002) and increase fruit yield (Singh et al., 2008; Atiyeh et al., 2000b;
Arancon et al., 2004a, b).

According to the results of this study, the highest yield was obtained in V300
treatment. The V300 treatment was followed by V200, V100, WF and CF respectively.
The yield results for V300 treatment were determined to be 56% higher than WF
treatment and 60% higher than CF treatment.

In previous similar studies, yield was determined higher in vermicompost treatments.
Earlier research reported that vermicompost treatment increased the total yield of potato
(Alam et al., 2007), two cultivars (Sultan and Storm) of cucumber (Cucumis sativus)
(Azarmi et al., 2009; Singh et al., 2008), strawberry (Fragaria X ananassa) (Singh et
al., 2008), Abelmoschus esculentus (Vijaya and Seethalakshmi, 2011), lettuce (Lactuca
sativa) (Papathanasiou et al., 2012), and Amaranthus species (Uma and Malathi, 2009),
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the fruit yield of eggplant (Solanum melongena) (Alam et al., 2007), in marketable
yields of tomato (Lycopersicum esculentum) (Uma and Malathi, 2009), fruits of okra
(Abelmoschus esculentus) (Ansari and Sukhraj, 2010), and increased the harvest index
of crossandra (C. undulaefolia) (Gajalakshmi and Abbasi, 2002). In addition,
vermicompost treatments improved the oil yields of geranium (Pelargonium species)
(Chand et al., 2011) and Matricaria chamomilla (Hadi et al., 2011).

Conclusions

Ecological agriculture, which is synonymous with sustainable agriculture, improves
the fertility of the soil and creates a secondary income source for farmers, while
focusing on total food protection and on the farm-human ecosystem. Vermicompost has
potential to be applied in ecological agriculture systems. We believe that plant growth,
yield and soil properties are enhanced by the application of vermicompost given our
study results. In this respect, vermicompost could be applied in the near future as an
alternative agriculture supplement combined with inorganic fertilizers. Spinach
(Spinacia oleracea L.) is a unique crop as a vegetable with a relatively short growing
period with high yield potential. In the present study, vermicompost positively impacted
spinach yield and other plant parameters, as well as soil organic matter, as supported by
the results of soil analyses, and plant analyses and measurements. Evaluation of the
results indicated that vermicompost had positive impacts on the soil and the plant. The
best treatment application rate was 3 tons vermicompost/ha. The study results suggest
that the use of vermicompost for commonly consumed vegetables would increase the
parameters and future experiments should be conducted for other vegetable species.
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