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Abstract. In parallel with the increase in the world population, healthy nutrition becomes more important for
people every day. However, Good Agricultural Practices (GAP) are also gaining importance. The main goal of our
study is to reduce the level of inorganic fertilizer use. The experimental area where the study was conducted is
located at 36° 31' 21" north latitude and 32° 05' 07" east longitude. In this study, 2 m high, 12 m long and 3 m wide
plastic greenhouses with arc roofs were used. The greenhouses are naturally ventilated, unheated tunnel type
greenhouses. UV-added plastic cover material was used as the cover material in the greenhouse. Hot pepper was
chosen as the material. In the research, the development parameters of the hot pepper plant were examined by
using different doses of one organic and one inorganic fertilizer type. Vermicompost (VC) was applied at a rate of
2,500 and 5,000 kg per hectare and inorganic fertilizer was used at a rate of 60-100-160 and 30-50-80 kg per
hectare. Nine applications were carried out, including different doses of these two fertilizers, their combined use,
and a control group. Plant heights, SPAD (Spectrum Authorized Dealer) values, plant diameters and yield values
were measured weekly from the date the seedlings were planted in the experimental greenhouses until the end of
harvest. The parameters found to be important in the variance analysis results of the data obtained from the trial
subjects were compared with the Student’s t test, and the application groups were determined and interpreted
statistically. As a result, the effects of VC and inorganic fertilizer values on the development parameters and yield
values of the pepper plant were determined. It has been determined that the plant growth parameters and
productivity are higher, especially when 5000 kg of organic fertilizer and 5000+60-100-160 mixed fertilizer are
used per hectare. Therefore, good agricultural practices include reducing the use of inorganic fertilizers.
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Introduction

With sustainable agriculture, agricultural activities are carried out by using environmentally
friendly agricultural technologies, without destroying natural resources and without harming the
environment [1]. Organic agriculture is a production system that does not include the use of inorganic
fertilizers, pesticides, hormones and animal feed additives [2]. In order to prevent the deterioration of
the soil structure, unused and biodegradable organic waste should be turned into compost and used
instead of inorganic fertilizers [3]. Worm fertilizers, also known as VC, are one of the best ways to turn
all organic matter into compost.

VC is used in ornamental plants, fruit and vegetable cultivation as it positively affects the
development of plants even when used in small amounts. VC not only ensures that plants are healthy,
high-quality and productive with the nutrients it provides to the soil, but also regulates their development
with humic acid and growth hormones. It also prevents the destruction of soil-borne diseases and pests
[4]. It is reported that vermicompost makes plants more resistant to diseases and pests, in addition to its
many positive properties such as rich nutrient content and soil regulator. For this reason, it is stated that
the effect of VC on plants and especially the coelomic fluid of worms is due to its antibacterial and
antifungal effects [5].

There are many wastes that can be used to obtain VC. These are human-generated wastes, industrial
wastes, municipal and sewage wastes, garden wastes, restaurant wastes, sugar and paper wastes [6]. VC
is odorless. In fact, compost worms transform smelly cattle manure into odorless worm manure within
two weeks. Interactions between worms and microorganisms produce significant amounts of humic acid
and plant growth hormones, which act as plant regulators [7]. Pepper is in the Capsicum L. genus of the
Solanaceae family. The Capsicum genus has approximately 30 species with very different colours,
shapes, sizes and heights in terms of plant, flower and fruit characteristics [8]. Pepper production in our
country is increasing day by day [9]. When we look around the world, we see that the largest pepper
producer is China. Turkey is the second largest pepper producer in the world after China, with a
production of approximately 2.9 million tons [10].
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Several previous studies point to the need to understand the application of organic and chemical
fertilizers in particular. After the pandemic, we better understand the value of staple foods such as
pepper. Especially sustainable food security is much more important for humankind. Therefore,
achieving higher pepper yields in each unit should be one of the agricultural goals in agricultural
policies. The aim of the study is to determine the yield of pepper in greenhouses in terms of fertilization
in Alanya region. Organic and chemical fertilization was applied in pepper cultivation. The experiment
was established in the sub-tropic region of Turkey which is located in the Mediterranean region.

Materials and methods

Study site. This work started on April 6, 2022 and was completed with the last harvest on August
8, 2022. The trial area where the study was conducted is located at 36° 31' 21" north latitude and
32° 05' 07" east longitude. In Alanya region, summers are hot, humid, dry and clear, and winters are
long, cold, rainy and partly cloudy. The average annual temperature is 16 °C and the average annual
precipitation is 955 mm. In addition, the relative humidity value in the study area varies between 59-
72%. The greenhouses used in the study are naturally ventilated and unheated tunnel type greenhouses.
It is 12 m long, 3 m wide and has a planting area of 36 m?. UV-added plastic cover material was used
as the cover material in the greenhouse. The greenhouse was equipped without an air conditioner, natural
ventilation, sunlight filter, benches for the placement of the samples, a drip water irrigation system,
water tanks, power supply, and a controller.

Crop Management. Capsicum Frutescens pepper variety found in the region was used as biological
material in the study. There are 3 plots in each greenhouse. In order to ensure an even irrigation
distribution in the greenhouse, the drip irrigation method (4 L-h!) was used, and it was planted at 30 cm
intervals, with one seedling per dripper. The greenhouse soil properties are given in Table 1.

Table 1
Properties of the soil used in the experiment
Property Value

pH (1/2.5 Soil/Water) 7.8
EC (1/2.5 Soil/Water) 0.28 ds'm’!
Organic Mater (%) 0.8
CaCO3 (%) 5
Texture Sandy Clayey Loamy
CEC (me/100 g) 66

Irrigation of pepper seedlings planted in the greenhouse was carried out by giving equal amounts
of water to all seedlings. Irrigation was continued until the soil reached a sufficient moisture level (field
capacity) in each irrigation. From the date the seedlings were planted in the trial greenhouses until the
end of harvest, the plant green parts were measured and recorded weekly.

Experimental Design. In the study, 9 different treatments including different doses of organic and
inorganic fertilizers were applied. Vermicompost (VC; Berdoka Soil VC fertilizer, provided by a private
company) was used as organic fertilizer and doses of 2500 and 5000 kg per hectare were applied. In
addition, 30-50-80 and 60-100-160 kg-ha™' of N-P,0s-K,O were applied from chemical fertilizers. VC
was placed 5 cm below the soil and mixed with the soil before planting. Inorganic fertilizers were applied
by irrigation. Fertilizer application rates are provided in Table 2.

Table 2
Organic and inorganic fertilizer use levels applied in the research
Application Fertilizer amounts, Application Fertilizer amounts,
topics kg-ha! topics kg-ha’!

T, 0 Ts 30-50-80 + 2500

T> 2500 VC T; 30-50-80 + 5000

T3 5000 VC Ts 60-100-160 + 2500

T4 30-50-80 Ty 60-100-160 + 5000

Ts 60-100-160 - -
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Plant Analysis Procedures. The seedlings were planted in thegreenhouses on 06.04.2022. Harvests
were done 11 times until the end of the growing period and post-harvest weights were measured and
recorded with a precision scale. The first harvest was carried out on 03.06.2022 and the last harvest was
carried out on 08.08.2022. Plant diameter and height values measured at the end of harvest were taken
into consideration in the study. Pepper rows with a total of 9 application subjects were created in our
greenhouses and 30 pepper seedlings were planted in each row. Due to the edge effect, 3 plants at the
beginning and end of each row were not taken into consideration. From the remaining 24 plants, 8 pepper
plants were selected and replicates were created, and statistical analyzes were performed. Application
groups were determined by comparing the important parameters in the variance analysis results of the
data obtained from the trial subjects with the Student’s t test. A Minolta SPAD 502 instrument (Spectrum
Authorized Dealer, chlorophyll meter) was used to determine the colour intensity of the leaves. A total
of 5 plants from each row, 5 leaf samples from each plant, were selected from the same parts of each
row. SPAD measurements were carried out at the end of June.

Results and discussion

In our study, each application was tried to be evaluated by taking into account the control group
values obtained after harvest. When we examined our findings regarding the pepper plant stem diameter,
it was determined that the highest value was in T3 and the lowest value was in Tg (Figure 1). In addition
to T3 application where the highest level was achieved, our second highest value was realized in the
VC+ inorganic (To) fertilizer mixture. Diameter values of T3 application were statistically significant
(»<0.01), except Ty and T7 applications. Ulug [11] in his study on onion plants stated that the highest
plant height value was obtained in VC. Researchers state that VC applications accelerate the
development of plants and positively affect the yield [12-16]. Therefore, we can say that the values we
obtained regarding the yield, plant height and stem diameter of the pepper plant are supported by these
studies.
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Fig. 1. Stem diameter of pepper plants according to subjects

When the height values of pepper plants were examined, it was determined that the highest value
was in T3 and the lowest plant height value was in Ts (Figure 2). In addition to T3, where the highest
level was achieved, it was also determined that Ts, which is the VC + inorganic application, had the
second highest value. The results of the height values of the T3 subject were found to be statistically
significant (p<0.01) from other applications except for the Ts, T7 and Ty subjects, and were found to be
statistically insignificant (p>0.01) from the Tes, T7 and Ty values. In their study, Alaboz et al. [17]
determined that the plant heights of different VC level applications in pepper plants were higher than
the control group. In his study, Akca [14] determined that the application of VC and humic acid to the
soil caused significant increases in the plant height, and the highest increase was determined in the V3
application. In our study, it was determined that applications with Ts and Ts subjects had the highest
plant heights.

SPAD values of pepper plants were also examined in the study (Figure 3). It was determined that
the highest value was in To. Again, it was determined that T, and T3 subjects, where only VC was
applied, were higher than the SPAD values of the control group. Applications in which the SPAD values
were lower than the control group were determined only in T4 and Ts applications. The results of the
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SPAD values of the Ty application were found to be statistically significant in all applications (p<0.01).
Mujdeci et al. 18] stated in their different soil water matrix studies that the SPAD values vary depending
on the applications. In their study, they stated that plants increased their chlorophyll content to protect
themselves from photodamage under water stress. They also stated that the SPAD values decreased in
all applications as a result of the aging of the plants. Alaboz et al. [17] stated that the SPAD values of
various VC applications in pepper plants changed but were not statistically significant.
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Fig. 2. Height of pepper plants by subject
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Fig. 3. SPAD values of pepper plants according to subjects

As seen in Figure 4, the control group and other applications were evaluated. Accordingly, we can
say that VC application and VC + inorganic fertilizer ration increase the yield at right rate. We can say
that T3 application has a yield increase of more than 53% compared to the control group that received
no fertilizer.
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Fig. 4. Yield values of pepper plants according to subjects (kg-ha™)

The highest yield was obtained from T3 application, followed by To application. In terms of the
yield values, Ts and T», T7 and Ts, and T and Ts applications were in the same group among themselves.
The lowest yield value was obtained from T4 application (p<0.01). Kiiciikyumuk et al. [12] stated that
VC application increased the pepper yield and plant growth rate. Kizilkaya et al. [19] stated that VC
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application positively affected the yield of wheat. Aminifard and Bayat [20] in their study on VC for
pepper, determined that the highest yield was by application of 5000 kg per hectare. We can say that
these results coincide with the values we found. It was determined that similar results were found in
other studies conducted with VC application [13; 14; 21].

Conclusions

1. In the study, it was determined that the mixtures containing only VC and VC + inorganic fertilizer
levels positively affected the development parameters of the pepper plant.

2. Inparticular, it was determined that the plant growth parameters and efficiency of 5000 kg VC (T3)
and 5000+60-100-160 (T9) mixed fertilizer application per hectare were higher than other
applications.

3. The increased use of organic material vermicompost in crop production like hot pepper can decrease
inorganic fertilizer application. Reducing inorganic fertilizer application is important for human
and environmental health and safety.

4. Therefore, good agricultural practices can be increased by focusing on the use of organic fertilizers.
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