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Abstract
Information on the energy needs of agricultural production activities carried out in any region can be obtained in advance. Many methods
are used for this purpose. One of them is a degree-hour method. Kumluca
district of Antalya province where pepper cultivation is done intensively was chosen as a study area. The growers prefer autumn production of
pepper plants inside the greenhouses in this region. Production starts in
early October and last until June. The long-term (1960 – 2015) thermometer temperatures in the study area were obtained from the Turkish State
Meteorological Service. In this study, by using only meteorological data,
during each growing season (planting, flowering, pollination, fruit ripening and harvesting) were obtained degree-hour values for the pepper plant
and evaluated with Student-t test. Regression coefficients were obtained
by correlating heating and cooling degree-hour values with different temperature values which are recommended during the vegetative growing
season for the pepper plant. Regression analysis was performed between
obtaining heating and cooling degree-hour values (dependent variable)
and annual mean heating and cooling degree hour values (independent
variable) which are suggested basic temperature values. In conclusion, the
regression coefficients were determined as 0.99 for out of greenhouse heating degree-hour and as 0.90-0.99 for cooling degree-hour, respectively.
Heating and cooling-hour values were found between 0.96-0.88 and 0.990.87, respectively. It was determined that there are very high correlations
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in the positive direction. According to different growing seasons of pepper, knowing how much less or more of heating and cooling degree-hour
values is needed, one can give information in advance in terms of energy
consumption or usage. Areas or regions where less energy is to be used can
be determined in terms of agricultural production to be done in any region.
Key words: Cooling, Degree-hour, Heating, Kumluca

INTRODUCTION
Greenhouses are agricultural structures in which production is carried out
year round by providing suitable climatic and environmental conditions for cultivated plants. In our country, while the tomato plant takes place on the top in
greenhouse cultivation, the pepper plant is ranked as the fourth, after cucumber
and eggplant. While greenhouse activities are carried out mostly in the Mediterranean region, Antalya province is in the first place.
Pepper Solanaceae is the most cultivated vegetable species in the open
field among the vegetable species after tomato. It has different types and in our
country, mostly long green peppers, Charleston peppers, and bell peppers are
cultivated. However, the cultivation of California Wonder type peppers, known
as coarse square-sectioned pepper, and thicker, fleshy bell peppers commonly cultivated in European countries in recent years is rapidly spreading (Aktas
et al., 2009).
For the greenhouse design, it is very important that the regional climatic
conditions are sufficiently known. Climatic conditions are the most important
factor affecting the design and functional characteristics of greenhouses. In the
greenhouse design, it is aimed to provide a suitable micro-climate in the indoor
environment depending on the climatic conditions in the outdoor environment.
Thus, the greenhouse design is significantly affected by the regional climate and
latitude. Climatic factors such as temperature, solar radiation, and the wind are
important in the greenhouse design (Ozturk, 2003).
The planning of heating, cooling and ventilation systems in greenhouses is closely related to outdoor conditions. While air-conditioning systems are
planned, the use of long-term climatic data instead of climatic conditions for
a few years will provide more realistic approaches in the determination of the results (Ileri and Uner, 1998). Degree-day values are one of the basic and simplest
units of measure used to estimate the annual energy requirement of a building in
anywhere and location (Bayram and Yesilata, 2009).
In this study, it is aimed to investigate the temperature values recommended for pepper cultivation by the degree-hour method. For this purpose, heating
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and cooling degree-hour values of each growing period of pepper plant were
determined and interpreted.
MATERIAL AND METHODS
Long-term meteorological data were used for determining the heating and
cooling degree hour values for the autumn growing of the pepper plant. The
temperature values of pepper plant for autumn growing in greenhouse were determined according to Ozalp et al. (2006) and Anonymous (2016).
Degree-Hour Method: In structures and air conditioning systems, degree-hour and degree-day methods are used in the calculation of heating and
cooling. In practice, degree-hour method results more reliable results than Degree-Day method (Pusat et. al, 2014). Calculation of Degree-Hour method, the
energy required for heating or cooling a structure is in proportion with the difference between the air temperature and the balance point temperature. The heating
process will be required when the air temperature (Ta) drops below the balance
point temperature (Tb). The cooling process will be required when the air temperature (Ta) rises over the balance point temperature (Tb). Heating degree-hour
(HDH) and cooling degree-hour (CDH) values can be calculated based on the
following equations (Buyukalaca et al, 2001; Bulut et al., 2007; Pusat et al, 2014;
Pusat et al, 2015).
(1)

(2)
Here; represents the ambient temperature (°C), the balance point temperature (°C), n the hours of the year, plus sign in the equations above suggests that
only the positive values will be used.
Number of Heating Hours (HHN): It is defined as the difference between
the balance point temperature and air temperature for the hours of each day. Various studies in the literature suggest that the Degree-Hour values can be measured
using a variety of approaches and techniques (Matzarakis and Balafoutis, 2004).
The number of HH can be calculated based on the equation provided in the figure
3 below.
(3)
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Here, n represents the number of total daily hours within the selected period, while the HHN represents the number of hours in which heating is maintained (Buyukalaca, et al., 2001; Matzarakis and Balafoutis, 2004).
Number of Cooling Hours (CHN): In the method developed similarly to
that of HHN, it can be calculated in the form of hours of the days where the air
temperature is higher than the balance point temperature for the CDH in a certain
timeframe as provided in the equation 4 below.
(4)
Here, n represents the total number of days within the selected period and
CHN the number of daily hours in which cooling is maintained (Buyukalaca et
al., 2001; Matzarakis and Balafoutis, 2004). In the calculation of heating and
cooling degree-hour, number of heating and cooling hours of the pepper plant,
the temperature values for autumn cultivation was taken as the basis (Table 1)
(Ozalp et al., 2006; Anonymous, 2016).
Table 1. Suggested temperature values for pepper plant
Growth period

Suggested
temperature

Date

Period

Greenhouse planting

22-28 oC

The end of September – Beginning
of October

7-14 days
(168-336 hours)

Flower formation,
pollination, Insemination

20-25 oC

2nd of October week – 4th of
October week

5-6 weeks
(840-1008 hours)

Fruit ripening

16-25 oC

2nd of November week – 4th of
December week

6 weeks
(1008 hours)

Harvest

20-35 oC

2nd of February week – 1st of
May week

10 weeks
(1680 hours)

RESULTS AND DISCUSSION
In the study, it was attempted to determine the heating and cooling degree-hour and heating and cooling-hour numbers in different periods of development of the pepper plant for greenhouse cultivation. Equations 1 and 2 were
used in the preparation of Figures 1 and 2, and Equations 3 and 4 were used
in the preparation of Figures 3 and 4. Upon examining Figure 1, it was calculated that the heating degree-hour values of the pepper plant according to different temperatures required during the planting period ranged from 426.2 to
1194.8. It was determined that there was a polynomial relationship between the
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recommended temperature values for the pepper plant and the heating degree-hour values (R2=0.99 p<0.05).

Figure 1. Heating degree hour values according to different temperature values
recommended for pepper plant

During the flower formation, pollination and insemination periods, the
heating degree-hour values ranged from 3110 to 6630. It was determined that
there was a linear relationship between the recommended temperature values
and the heating degree-hour values (R2=0.99 p<0.05). It was determined that
these values ranged from 9110 to 25300 during the fruit ripening period and that
there was a linear relationship between the recommended temperature values
and heating degree-hour values (R2=0.99 p<0.05). In the harvest period of the
pepper plant, the heating degree-hour values required in the greenhouse ranged
from 14106 to 49526 and the fact that there was a linear relationship between
the recommended temperature values and the heating degree-hour values were
determined in Figure 1 (R2=0.99 p<0.05).
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Upon examining Figure 2, the cooling degree-hour values of the pepper
plant according to different temperatures required during the planting period
ranged from 197.4 to 0. It was determined that each degree of cooling after
26°C in this period did not affect the cooling degree-hour values in the greenhouse. It was determined that there was a polynomial relationship between
the recommended temperature values and the cooling degree-hour values
(R2=0.99 p<0.05).

Figure 2. Cooling degree hour values according to different temperature values
recommended for pepper plant

The cooling degree-hour values in the flower formation, pollination and
insemination periods of the cooling degree-hour values ranged from 702.7 to
22.4. It was determined that there was a polynomial relationship between the
recommended temperature values and the cooling degree-hour values (R2=0.99
p<0.05). It was calculated that the cooling degree-hour values calculated during
the fruit ripening period ranged from 442.2 to 0. It was determined that each degree of cooling after 20°C in this period would not affect the cooling degree-hour
462
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values in the greenhouse and that there was an exponential relationship between the recommended temperature values and the cooling degree-hour values
(R2=0.94 p<0.05). It was determined that the cooling degree-hour values ranged
from 760 to 0 in the harvest period. In particular, it was concluded that each
degree of cooling after 24°C would not affect the cooling degree-hour values
in the greenhouse. It was determined that the relationship between the recommended temperature values and the cooling degree-hour values was exponential
(R2=0.90 p<0.05).

Figure 3. Number of heating hours according to different temperature values
recommended for pepper plant

It was calculated that the number of heating hours ranged from 97 to 161
hours for the planting period in Figure 3. In this period, it was concluded that
every degree of heating after 27°C would not affect the number heating hours
in the greenhouse. It was determined that there was a polynomial relationship
between the recommended temperature values and the number of heating hours
(R2=0.96 p<0.05). It was determined that the number of heating hours in the
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flower formation, pollination and insemination periods ranged from 595 to 814
and that there was a linear relationship between the recommended temperature
values and the number of heating hours (R2=0.99 p<0.05). The number of heating hours calculated for the fruit ripening period of the pepper plant ranged from
1617 to 1848. In this period, it was concluded that each degree of heating after 21°C would not affect the heating hour values. It was determined that the
relationship between the recommended temperature values and the number of
heating hours was polynomial (R2=0.99 p<0.05). In the harvest period, it was
calculated that the calculated heating hour numbers changed between 2045 and
2411. It was concluded that each degree of heating after 25°C for the harvest
stage would not affect the number of heating hours and it was determined that
there was a polynomial relationship between the recommended temperature values and the number of heating hours (R2=0.88 p<0.05).

Figure 4. Number of cooling hours according to different temperature values
recommended for pepper plant
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Upon examining Figure 4, it was calculated that the number of cooling
hours ranged from 64 to 0 according to the recommended temperature values of
the pepper plant during the planting period. It was determined that each degree
of cooling after 26°C in this period would not affect the cooling hour values for
the pepper plant. It was determined that there was a polynomial relationship
between the recommended temperature values and the number of cooling hours
(R2=0.95 p<0.05). It was determined that the number of cooling hours ranged
from 253 to 28 during the flower formation, pollination and insemination periods
and that there was a linear relationship between the recommended temperature
values and the number of cooling hours (R2=0.99 p<0.05). It was calculated that
the cooling hour values ranged from 241 to 0 according to the recommended
temperature values during the fruit ripening period of the pepper plant. It was
concluded that each degree of cooling after 20°C in this period would not affect
the cooling hour values for the pepper plant. It was determined that there was an
exponential relationship between the recommended temperature values and the
number of cooling hours (R2=0.99 p<0.05). It was calculated that these values
ranged from 374 to 0 in the harvest period. It was concluded that each degree of
cooling after 24°C would not affect the cooling hour values for the pepper plant.
It was determined that the relationship between the recommended temperature
values and the number of cooling hours was exponential (R2=0.87p<0.05).
The researchers stated that heating hour values showed a linear increase
depending on the basic temperature values in a study they conducted on heating
degree-hour values (Bulut et al., 2007; Erturk et al., 2015). According to Bulut
et al. (2007) and Erturk et al. (2015), cooling degree-hour values did not show
a linear decrease depending on the basic temperature values. It was determined
that these findings match up with our heating and cooling degree-hour values.
CONCLUSIONS
In the study area, heating and cooling degree-hour values and the number
of heating and cooling hours were calculated for the greenhouse cultivation of
the pepper plant. For the pepper plant, the graphical relationships between the
recommended temperature values for each growing period and the number of
heating degree-hour, cooling degree-hour, the number of heating hours and the
number of cooling hours were also determined. Furthermore, it was determined
that the cooling degree-hour values were not suitable for cooling after 26°C in
the planting period, after 20°C in the fruit ripening period and after 24°C in the
harvest period. It was determined that the number of heating hours was not suitable for heating after 27°C in the planting period, after 21°C in the fruit ripening
period and after 25°C in the harvest period. It was concluded that regarding the
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number of cooling hours, cooling was not required after 26°C in the planting period, after 20°C in the fruit ripening period and after 24°C in the harvest period.
REFERENCES
Aktas H., Soylemez S., Pakyurek A.Y. (2009). Farklı budama sekillerinin sera dolmalık
biber (capsicum Annuum l.) yetistiriciligi uzerine etkisi. HR.Ü.Z.F.Dergisi, 2009, 13(3):
31–36 (in Turkish).
Bayram M., Yesilata B. (2009). Integration of number of heating and cooling degree
days. IX. Ulusal Tesisat Mühendisliği Kongresi ve Sergisi, May 6–9, Izmir, 2009.
(in Turkish).
Anonymous (2016). Pepper Growing (Capsicum annum L.). http://www.bahcenet.com/
biber-yetistiriciligi-capsicum-annum-l.html. National Plumbing Engineering Congress,
May 6-9, 2009, Izmir, pp.425-432. (in Turkish).
Bulut H., Buyukalaca O., Yilmaz T. (2007). Analysis of Heating and Cooling Degreehour Values for the Mediterranean Region. 2. National Congress of Air conditioning,
111-122.
Buyukalaca O., Bulut H., Yilmaz T. (2001). Analysis of variable-base heating and
cooling degree-days for Turkey. Applied Energy, 69(4):269-283.
Erturk M., Kurt H.A., Kilic A., Kaya S. (2015). The relationship of altitude, latitude and
longitude to investigate for the marmara region in heating and cooling degree hours
calculations. Tesisat Mühendisligi, 150: 36-52.
Ileri A., Uner M. (1998). Typical climate data for Turkish cities. IV. National Installation
Engineering Congress and Exhibition, 463: 31-42. (in Turkish)
Matzarakis, A. Balafoutis, C. (2004). Heating Degree-Days over Greece as an Index of
Energy Consumption. International Journal of Climatology, 24: 1817–1828
Ozalp R., Celik I., Coskun A. (2006). Covering pepper growing. Sound of agriculture,
March 2006, 9:18-21. (in Turkish).
Ozturk H.H. (2003). İklim Koşullarının Sera Tasarımına Etkisi. Alatarım, 2(2): 40-44.
(in Turkish)
Pusat S., Ekmekci I., Dundar A.C., Ermis K., Sen Y. (2014). Typical meteorological
year and degree-hour account for Istanbul. 2. National Symposium on Heating-Cooling
Education and Exhibition, 23-25 October 2014, p5, Balıkesir. (in Turkish)
Pusat S., Tunc N., Ekmekci I., Yetisken Y. (2015). Degree-Time calculations for Karabük.
ISITES-2015 Valencia-Spain, Academic Platform, 898-905. (in Turkish)

466

Determination of optimum heating and cooling degree-hour values...
Prof. Dr. Atilgan Atilgan, Dr. Hasan Oz*
* corresponding author: e-mail: hasanoz@sdu.edu.tr
Suleyman Demirel University, Agriculture Faculty
Agricultural Structure and Irrigation Department
32260 Isparta, Turkey
Dr. Ali Yucel
Osmaniye Korkut Ata University,
Osmaniye Vocational School, Osmaniye, Turkey
Assoc. Prof. Dr. Cagatay Tanrıverdı
Kahramanmaras Sutcu Imam University, Agriculture Faculty
Biosystem Engineering 46100 Kahramanmaraş, Turkey
Msc. Ahmet Tezcan
Akdeniz University,
Agricultural Structure and Irrigation Department
07700 Antalya, Turkey
Received: 22.02.2017
Accepted: 18.04.2017

