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ABSTRACT
There is a large amount of organic waste depending on the climatic conditions and product diversity in the agricultural
areas of Turkey. These wastes can be used as a soil conditioner to reduce environmental problems and enrich soil organic
matter by the transformation of organic wastes into organic manure with the process of composting. This study was
performed to investigate the effects of composted greenhouse wastes (tomato residues) and animal manure on macro
nutrient contents of soil and green pepper yield. Treatments were as follows: (1) Control, (2) mineral fertilizer, (3) 40
t ha-1 animal manure, (4) 40 t ha-1 animal manure + mineral fertilizer, (5) 40 t ha-1 tomato residuals, (6) 40 t ha-1 tomato
residuals + mineral fertilizer, (7) 80 t ha-1 tomato residuals, (8) 80 t ha-1 tomato residuals + mineral fertilizer. Three
replicates each of disturbed soil samples (two sampling) were collected (0-20 cm) from each treatment in two vegetation
period and green pepper was used as a test plant in the study. In consequence of the research, significant increases were
observed in crop yield and macro nutrient contents of soil. The highest increasing rate was analyzed in yield values as
305%. The most effective treatments on soil macro nutrient content and yield were determined as 40 t ha-1 animal manure
combined with mineral fertilizer and 80 t ha-1 composted tomato residues combined with mineral fertilizer.
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1. Introduction
Conventional agricultural practices may include
frequent and intensive tillage and the extensive
use of fertilizers and pesticides. Such practices can
result in a loss of organic matter (OM), leading to
the degradation of cultivated soils and a decline in
soil quality (Lal 2007; Peigne et al 2007; BatlleBayer et al 2010; Pan et al 2010). An integrated
use of inorganic fertilizer with organic manure is
a sustainable approach for efficient nutrient usage
which enhances efficiency of the chemical fertilizers

while reducing nutrient losses (Schoebitz & Vidal
2016).
Organic wastes such as animal manures, byproducts of several kinds and composted residues
can be used as amendments to increase soil fertility.
They are important sources for enriching plant
development and soil quality (Alluvione et al
2013; Li & Han 2016). Composting of the plant
residuals and unusable organic wastes is an old and
inexpensive method; the so-obtained compost can
be used as an organic fertilizer or soil amendment
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(Chang et al 2006). Applications of plant residues,
cotton gin, composted urban waste, and poultry
manure within high organic matter content to soils
have been used to restore and maintain soil of
organic matter, thus reclaiming degraded soils and
supplying plant nutrients (Ros et al 2003; Walker
2003; Tejeda et al 2006).
Tomato (Solanum lycopersicum L.) is the most
commonly grown vegetable plant in greenhouses
and represented 55% of total vegetable production
in Turkey. Greenhouse tomato production was
determined as 458.6 t ha-1 in Turkey and 100 t ha-1
in Simav district of Kutahya in 2016 (TUIK 2017).
Although production wastes or residues of tomato,
their high organic matter content, are appropriate
for composting, they are burned or dumped in open
areas in Turkey (Kulcu 2014). Even though there are
many studies about agricultural wastes, there is no
sample research to solve waste disposal problems
for farmers in Simav which is suitable for intensive
greenhouse production. The aim of this study to
evaluate these wastes as an alternative source due
to the fact that composting of these wastes prevents
environmental pollution and diseases and pests.
Green pepper was used as a test plant in the
study. Pepper plant in our country, many arid and
semi-arid areas where salinity problem commonly
seen as a potential risk for croplands is one of the
most important grown vegetable in greenhouses
and fields. Current status of pepper plant production
under greenhouses in Turkey was found as 307.2
t ha-1. Total greenhouse area in Simav district was
426.1 ha and pepper production in greenhouses was
50 t ha-1 (TUIK 2017).
In this study, the effects of composted tomato
plant residues and animal manure on macro nutrient
composition of soil and pepper yield were compared.

2. Material and Methods
2.1. Site description and treatments
This study was conducted in the greenhouses
of Vocational College of Simav, Dumlupinar
University in Simav, Kutahya, Turkey (Figure 1).
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The experiment soil was classified as sandy loam
with slightly alkaline reaction and some physicochemical properties were given in Table 1. The
experiment was established in a randomized block
design with three replications. The plot size was
3 m x 2 m with each plot having 80 cm and 80 cm
distance between and within rows, respectively
with 13330 plants ha-1 plant population. Monoammonium phosphate (12% N, 61% P), potassium
sulfate (50% K), ammonium nitrate (33% N),
potassium nitrate (13% N, 46% K), and calcium

Figure 1- Location of the study area
Table 1- Some physical andchemical properties of
experimental soil (Cercioglu et al 2017)
Soil texture
Sand (%)
Silt (%)
Clay (%)
CaCO3 (%)
OM (%)
Total N (%)
pH
EC (µS cm-1)
P (mg kg-1)
K (mg kg-1)
Ca (mg kg-1)
Mg (mg kg-1)
Na (mg kg-1)
Fe (mg kg-1)
Cu (mg kg-1)
Zn (mg kg-1)
Mn (mg kg-1)
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Sandy loam
60.48
27.64
10.88
1.80
1.85
0.17
7.71
1467.00
104.60
206.00
3760.00
843.00
213.30
7.98
2.15
3.92
10.10
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nitrate (15.5% N, 26.5% CaO) were used as mineral
fertilizers (NPK) and applied to the plots in the first
hoe period after one month of planting. Animal
manure (AM), and tomato residues (TR) were used
as organic fertilizers and applied to the plots one day
before planting.
Pepper (Capsicum annuum L.) is grown as an
annual plant and is actually herbaceous perennial
that’s survives and yield for several years in tropical
climates (Kelley & Boyhan 2009). The material
used for composting was tomato residue obtained
from the greenhouses located in Simav, Kutahya.
Composting was performed outdoor under a roof.
The moisture content of the compost was analyzed
approximately 55% by weighing the material
regularly and adding water when necessary. The
aeration was made by manual turning during the
composting process. The composting process lasted
3 months and composting was considered complete
when the C:N ratio (7.99) and temperature (35 oC)
became constant. Composted tomato residues and
animal manure obtained from farmers were added
to the soil after composting. All doses of organic
wastes were determined according to initial soil
analysis results, and nutrient removal by pepper
plant from soil. Some properties of these organic
wastes were reported in Table 2. The treatments
where: (1) Control, (2) NPK, (3) 40 t ha-1 AM, (4)
40 t ha-1 AM + NPK, (5) 40 t ha-1 TR, (6) 40 t ha-1
TR + NPK, (7) 80 t ha-1 TR, (8) 80 t ha-1 TR + NPK.
2.2. Sampling and laboratory analyses
During the experiment, two soil samples were
taken from 0-20 cm depth for each vegetation
(first vegetation: November, 2014 and March,
2015; second vegetation: April, 2015 and August,
2015). The samples were air-dried and sieved
through 2 mm sieve. Soil texture was determined
according to Bouyoucos (1962). Soil organic
matter was determined according to method of
Nelson & Sommer (1982). Soil reaction (pH)
in 1:1 (w/v) soil water suspension by pH meter;
and electrical conductivity (EC) in the same
suspension by EC meter (Kacar 1994). Calcium
carbonate was measured according to Scheibler

Table 2- Some chemical properties of organic wastes
(Cercioglu et al 2017)
Parameters
pH
EC (µS cm-1)
OM (%)
C:N
Total N (%)
Total P (mg kg-1)
Total K (mg kg-1)
Total Ca (mg kg-1)
Total Mg (mg kg-1)
Total Na (mg kg-1)
Total Fe (mg kg-1)
Total Mn (mg kg-1)
Total Cu (mg kg-1)
Total Zn (mg kg-1)

Composted
tomato
residuals
8.79
1772.00
30.00
7.99.00
2.18
1284.00
5547.00
11540.00
2469.00
481.20
5964.00
254.00
10.60
45.50

Animal
manure
8.43
2700.00
57.80
14.20
2.35
3600.00
9400.00
24200.00
5300.00
588.00
784.00
202.00
12.30
51.60

method (Schlichting & Blume 1966). Total N was
analysed according to Kjeldahl method (Bremner
1965). Available P was determined by the Mo blue
method in a NaHCO3 extract (Olsen et al 1954).
Available K, Ca, Mg and Na were determined by 1
N NH4OAc (pH: 7) method. Samples of composted
materials were collected from the bulks separately,
and air-dried. The pH and EC values of composted
materials were analyzed in aqueous extract, which
was obtained mechanically shaking the samples
for 1 hour with distilled water at a solid/water ratio
of 1:10 (dry weight/volume) by using pH and EC
meter, respectively (Kacar 1994). Moreover, organic
matter (Nelson & Sommer 1982); total N (Bremner
1965); available P (Olsen et al 1954); available K,
Ca, Na, Mg contents (Pratt 1965); and available
micro nutrient contents (Lindsay & Norvell 1978)
were determined.
Drip irrigation method was used according to
water needs of plant in the study. Pepper plants
harvested from each plot were weighed after each
harvest and determined their moist weights. After
these procedures, all yield values were calculated
from plot area as t ha-1.
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2.3. Statistical analysis
Analysis of variance (ANOVA) and Duncan’s tests
were conducted with a P<0.05 significance level
and 95% confidence interval using SPSS Version 25
(IBM Corp. 2017) statistical software.

3. Results and Discussion
3.1. Macro nutrient contents of soil
Soil macro nutrients (N, P, K, Ca, Na, Mg) were
presented in Table 3. Total N content of soil increased
in all the treatments compared to control plots. At the
beginning of the experiment, total N was analyzed as
0.17%. With the application of wastes, N amounts
varied between 0.11 to 0.37% during first and second
vegetation periods. These values were found sufficent
when compared with the limit values of soil nitrogen
according to Sillanpää (1990). Compared with the
control, the highest total N content of soil was
obtained as 0.37% in the 40 t ha-1 AM + NPK and 80
t ha-1 TR + NPK plots, an increase of 117% in the first
soil samples of first vegetation. It was closely related
to the high nitrogen content of animal manure (2.35%)
and composted tomato residues (2.18%) applied
to the soil. Statistically, there was no significant
differences among both treatments (40 t ha-1 AM +
NPK and 80 t ha-1 TR + NPK) in terms of N contents
of the first soil samples of first vegetation. Similar
results were reported by Wang et al (2004) in plots
treated with composted dairy and swine manures.
According to Ayuso et al (1996), the increase may be
attributed to a direct effect of organic N derived from
the compost, which is slowly mineralized in soil after
the composting process (Castellanos & Pratt 1981).
Available P content of soil was increased by all the
treatments. During all vegetation periods, soil P
contents varied between 60.90 to 136.10 mg kg-1 with
application of these materials. The highest available
P content in soils was analysed as 136.10 mg kg-1 in
the first soil samples of first vegetation under 40 t
ha-1 AM + NPK plot. The increasing rate was 30.1%
compared to the control (104.60 mg kg-1). Available
soil P was found in very high level (>80 mg kg-1)
according to Sillanpää (1990). These results were
found similar to the other study about greenhouse
soils (Kaplan et al 1995). Moreover, it was closely
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related to the high phosphorus contents of composted
tomato residues (1284 mg kg-1) and animal manure
(3600 mg kg-1) applied to the soil. The increase in
the available forms of phosphorus and sulfur has
explained by increase of soil organic matter content
(Shang et al 2014; Siwik-Ziomek & Lemanowicz
2014). Before the applications of the materials, soil
initial available K content was determined as 206
mg kg-1 and total K content of animal manure and
composted tomato residues were 9400 mg kg-1 and
5547 mg kg-1, respectively. Available K content of
soil was significantly affected with all the treatments.
The maximum K contents were measured as 503.30
mg kg-1, an increase of 144% when compared to the
control by the application of 40 t ha-1 AM + NPK
in the first soil samples of first vegetation (Table
3). Similar to N content of soil, both treatments (40
t ha-1 AM + NPK and 80 t ha-1 TR + NPK) showed
statistically same significance level. According to
Sumner & Miller (1996), available K values were
varied from sufficient level (140-370 mg kg-1) to high
level (370-1000 mg kg-1) after material applications.
An increase in the exchangeable potassium content
of soil was also observed by Zhang et al (2011) after
application of NPK and manure (pig, horse, cattle or
sheep). Saltalı et al (2000) found that increasing rate
of tobacco waste increased total N and available P,
K contents. Obtained data showed that application
of animal manure and plant residuals to alkaline
soils improved both soil conditions and nutrient
concentration of soil to increased sufficient crop
production. Some authors have also found an increase
in K and Mg in the soil after organic amendments
(Bulluck et al 2002; Edmeades 2003). They attributed
the result to the high nutrient contents of the compost
and the increase of cation exchange capacity due to
organic matter added. While the available Ca content
of soil was found higher in second vegetation soil, the
available Na and Mg content of soil was higher in first
vegetation soil. Soils treated 80 t ha-1 TR + NPK had
the highest available Ca content (4397 mg kg-1) with
an increase of 114% over the control. Soil available
Ca values were analyzed in a high level (3500-10000
mg kg-1) as compared to the limit values of Sumner
& Miller (1996). As shown in Table 3, the highest Na
content was determined as 149.50 mg kg-1 in 80 t ha-1
TR + NPK application in the first vegetation soil and
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N (%)
I.
II.
Treatments
sampling sampling
(1) Control
0.17 d
0.14 f
(2) NPK
0.29 c
023 d
(3) 40 t ha-1 AM
0.34 b
0.29 bc
(4) 40 t ha-1 AM+NPK 0.37 a
0.30 b
(5) 40 t ha-1 TR
0.28 c
0.19 e
(6) 40 t ha-1+ TR+NPK 0.35 b
0.28 c
(7) 80 t ha-1 TR
0.33 b
0.25 d
(8) 80 t ha-1 TR+NPK 0.37 a
0.33 a

P (mg kg-1)
I.
II.
sampling sampling
104.60 g 100.60 h
109.80 f
106.50 g
133.60 b 126.30 c
136.10 a 131.30 a
121.00 e 118.00 f
125.20d
121.30 e
128.00 c 124.00 d
133.10 b 129.50 b

I. vegetation period
K (mg kg-1)
Ca (mg kg-1)
Na (mg kg-1)
Mg (mg kg-1)
I.
II.
I.
II.
I.
II.
I.
II.
sampling sampling sampling sampling sampling sampling sampling sampling
206.00 g 181.40 h 2048 e
1943 e
65.90 g
58.90 g
427.30 g 417.60 g
229.30 f
192.60 g 2482 d
2365 c
72.30 f
65.60 f
501.40 f
516.70 f
424.60 e 385.60 f
2451 d
2117 d
105.50 d 99.60 c
564.90 d 564.90 b
503.30 a 474.80 b 2767 c
2353 c
130.10 c 88.70 d
577.20 c 530.80e
446.30 d 430.50 d 2722 c
2409 c
131.30 c 116.40 a 553.30 e 539.00 d
498.50 b 463.90 c 3354 b
3068 b
144.70 b 73.20 e
593.90 b 545.50 c
473.40c
405.00 e 3423 b
3119 b
91.60 e
74.30 e
576.30 c 537.40 d
501.60 a 478.10 a 4397 a
3843 a
149.50 a 108.20 b 618.70 a 577.50 a
II. vegetation period
(1) Control
0.11 e
0.08 f
79.90 f
60.90 f
143.40 g 104.00 g 2663 f
1941 g
83.60 f
80.20 g
434.40 e 430.80 f
(2) NPK
0.21 c
0.17 c
98.50 e
95.20 e
148.40 f
107.30 f
2288 g
2058 f
91.70 d
91.00 d
443.40d
434.00 f
(3) 40 t ha-1 AM
0.21 c
0.17 c
122.80 b 105.30 c 316.50 e 257.10 e 2952 d
3642 c
107.60 c 101.10 b 494.10 c 471.40 e
(4) 40 t ha-1 AM+NPK 0.25 b
0.22 b
127.00 a 114.50 a 453.90 b 355.20 b 3965 a
4003 a
118.80 a 107.40 a 525.10 a 506.30 b
(5) 40 t ha-1 TR
0.15 d
0.12 e
102.70 d 93.90 e
413.60 c 262.70 d 2771 e
3098 e
86.80 e
82.70 f
496.60 c 485.00 d
(6) 40 t ha-1 TR+NPK 0.24 b
0.21 b
115.90 c 104.70 c 452.30 b 354.00 b 3357 c
3259 d
91.00 d
84.30 ef
514.40 b 496.30 c
(7) 80 t ha-1 TR
0.22 c
0.15 d
116.30 c 97.30 d
354.90 d 288.00 c 3703 b
3064 e
90.80 d
85.30 e
523.10 a 516.30 a
(8) 80 t ha-1 TR+NPK 0.30 a
0.25 a
122.60 b 110.90 b 464.30 a 374.40 a 3925 a
3832 b
110.70 b 98.50 c
517.20 b 505.70 b
The table presents significance levels among treatments for the measured parameters. Within columns, values followed by same letter for the treatments are not significantly
different at the 0.05 probability level

Table 3- Some soil chemical properties belong different applications and results of Duncan’s multiple comparison tests
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as 118.80 mg kg-1 in 40 t ha-1 AM + NPK application
in the second vegetation soil. Available Na values
were found in sufficient level (68-230 mg kg-1)
according to Loue’ (1968). The highest Mg contents
was as 618.70 mg kg-1 in first vegetation soils with 80
t ha-1 TR + NPK whereas, the highest in the second
vegetation period with 40 t ha-1 AM + NPK (525.10
mg kg-1) and 80 t ha-1 TR (523.10 mg kg-1). Available
Mg contents of soil were varied between 417.60 mg
kg-1 (sufficient level: 160-480 mg kg-1) and 618.70
mg kg-1 (high level: 480-1500 mg kg-1) (Sumner &
Miller 1996). Similarly, Agbede & Ojeniyi (2009)
determined that application of poultry manure to any
tillage treatment improved soil total N, available P,
exchangeable K, Ca and Mg concentrations and grain
yield of sorghum. Courtney & Mullen (2008) also
obtained that available nutritional elements such as
potassium (K), calcium (Ca), magnesium (Mg), and
phosphorus (P) increased when compost was applied.
3.2. Pepper yield
All the organic wastes added to the soil significantly
(P<0.05) enhanced pepper yield compared to the
control soil. The greatest yield values were 13.10 t
ha-1 and 15.46 t ha-1 in the first and second vegetation
plants with the application of 40 t ha-1 AM + NPK.
Moreover, the highest yield was reached in the plants
in the soil where 40 t ha-1 AM + NPK was applied;
and an increase of 305% over the control (7.04
t ha-1) (Figure 2, Duncan’s test P<0.05). Roe (1998)
reported that compost plus fertilizer combinations
have been increased efficiency. Togun & Akanbi
(2003) found that the use of compost alone or
compost with mineral fertilizer was better than the
control. Roe et al (1997) also reported that pepper and
cucumber yields were usually higher when compost
was combined with mineral fertilizers. Trávník et al
(1998) observed an increase in the yield from 47.6
to 83.7% for various crops fertilized with farmyard
manure and NPK compared with the unfertilized
crop. Moreover, Ragasits & Kismanyoky (2000)
reported that simultaneous application of NPK and
farmyard manure has been shown to increase wheat
gluten content and quality. Vogtmann et al (1993)
found that compost treatments resulted in lower
vegetable yields in the first two years, but there
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were no different yield results after the third year.
In contrast, Eghball et al (2005) showed that residue
effects of manure application on crop production
and soil properties can last for several years.

Figure 2- Pepper yield. Treatments; (1), Control; (2),
NPK; (3), 40 t ha-1 AM; (4), 40 t ha-1 AM + NPK; (5),
40 t ha-1 TR; (6), 40 t ha-1 TR + NPK; (7), 80 t ha-1 TR;
(8), 80 t ha-1 TR + NPK. Duncan’s test (P<0.05)

4. Conclusions
The utilization of agricultural wastes derived from
animal manure and greenhouse plants combined
with or without mineral fertilizer for agronomic
purposes is a potential management practices for
sustainable agriculture. From the findings, it can
be concluded that sandy loam soil amended with
animal manure and composted tomato residues
resulted in significant increase in pepper yield,
total N, available P, K, Ca, Mg, and Na content of
soil. The increase in yield has been mainly owing
to the improvement in the nitrogen and phosphorus
content of the soil. 40 t ha-1 AM + NPK and 80 t
ha-1 TR + NPK applications gave the best crop yield
values and improved soil nutritional quality under
the conditions of this experiment. Adding different
organic amendments to soil could be useful for
various crops, and generally the use of plant residues
could be a better option. Furthermore, the quality
of used waste is an important parameter in view
of agricultural management and crop productivity.
Composting of greenhouse wastes promises to be an
environmentally friendly alternative that converts
the biodegradable wastes into a useful compost
material. Composted materials could be a potential
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organic matter source and could also be utilized
as a growing medium supplement in greenhouse
vegetable productions.
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