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INTRODUCTION

Dear Trainee,

         The increasing population of the world causes an increase in the need for food. At the same time, 

many factors such as the use of agricultural areas as a structure due to the expansion 

of settlements due to the increasing population, the presence of unproductive agricultural 

areas have led humanity to fruit and vegetable cultivation with alternative methods. 

At the beginning of these methods, greenhouse cultivation draws attention. 

With greenhouse cultivation, more efficient and quality products can be obtained per unit area.

         With the modernization of greenhouse activities with the developing technology, 

soilless farming practices are used in places where the soil is unsuitable, and fruit and 

vegetable cultivation is carried out in almost every season. Likewise, the use of geothermal 

resources for heating greenhouses enables greenhouse activities to be carried out in cold regions. 

The use of geothermal resources is less costly than other fuels. However, 

while it is among the advantages of being environmentally friendly and renewable energy, 

the operating investment cost is high.

          With this module, adults; It was formed from the researches and data obtained 

on the cultivation of fruit, vegetables and ornamental plants with geothermal energy. 

The use of geothermal energy as a resource is important in terms of both protecting nature 

and contributing to the economy in meeting the increasing needs with the increasing 

population.



1.GREENHOUSE AGRICULTURE ��
       1.1. Importance and Defin�t�on of Greenhouse

�       W�th the �ncreas�ng populat�on, the so�l, wh�ch �s the most �mportant retent�on factor of the rural 

area, �s fragmented, caus�ng the format�on of small agr�cultural areas. Small agr�cultural areas 

�ncrease the cost and decrease the y�eld. However, �f these agr�cultural areas are converted �nto 

greenhouses, �t becomes poss�ble to obta�n h�gh y�elds. Aga�n, greenhouses are of great �mportance 

�n ensur�ng the constant need for food due to the �ncreas�ng populat�on.

 �     Greenhouse �s a covered structure made by us�ng l�ght-transm�tt�ng mater�als such as glass, 

plast�c, fiberglass, �n wh�ch env�ronmental cond�t�ons can be controlled or regulated �n order to 

prov�de su�table cond�t�ons for the cult�vat�on of plants. Greenhouse as another defin�t�on; 

They are covered structures where vegetables and flowers are grown econom�cally all year long, 

regardless of cl�mate. To make a more comprehens�ve defin�t�on, by keep�ng the cl�mat�c cond�t�ons, 

factors such as temperature, l�ght, hum�d�ty, and a�r under control, �t �s poss�ble to produce d�fferent 

cult�vars and the�r seeds, seedl�ngs and sapl�ngs throughout the year, to protect the plants, to d�splay 

them such as glass, plast�c, fiberglass. It �s a h�gh system greenhouse cult�vat�on structure made �n 

d�fferent ways by cover�ng w�th mater�al. The bus�nesses where these fac�l�t�es are located 

are defined as greenhouse bus�nesses.

 �     However, plast�c mulches, superfic�al covers, p�llows, low and h�gh tunnels that part�ally 

destroy the negat�ve effects of env�ronmental cond�t�ons cannot be qual�fied as greenhouses.

P�cture 1-2: Greenhouse 

        The fact that greenhouses prov�de h�gh effic�ency from small agr�cultural areas, can grow a w�de 

var�ety of products �n every season regardless of cl�mat�c cond�t�ons, prov�de econom�c cult�vat�on, 

prevent unplanned urban�zat�on by prevent�ng m�grat�on from rural areas to c�t�es, and create job 

potent�al �n rural areas �ncrease the�r �mportance �n our country and �n the world.

The benefits of greenhouse cult�vat�on can be l�sted as follows;

· The grow�ng per�od of plants �s extended. It prov�des more than one plant product�on opportun�ty 

dur�ng the year.

· Greenhouse products do not have market problems. It �s always ava�lable �n the market.

· Un�t y�eld and qual�ty of plants grown �n greenhouses �ncrease.

· Seasonal work �s out of the quest�on for workers due to work�ng throughout the year.

· Technolog�cal developments are ut�l�zed �n greenhouse cult�vat�on and accord�ngly �t contr�butes 

to the development of technology branches.

· Prov�des regular �ncome opportun�t�es for adults engaged �n greenhouse act�v�t�es.
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       1.2. Plant Cult�vat�on �n Greenhouses �n the World
�        Greenhouse appl�cat�ons started w�th grow�ng vegetables by cover�ng the p�ts opened on the 
southern slopes w�th a transparent mater�al �n Italy dur�ng the Romans per�od, and then cont�nued to 
develop w�th glass cover�ng the south-fac�ng facades of the houses �n Europe. These structures, 
wh�ch were bu�lt �n the 16th and 17th centur�es, can be cons�dered as the beg�nn�ng of greenhouse 
appl�cat�ons. In the 18th century, the number of w�ndows was �ncreased and the�r d�rect�ons were 
changed �n order to solve the problem of �nsuffic�ent l�ght �n these bu�ld�ngs. Later on, greenhouse 
cult�vat�on started to develop rap�dly w�th the develop�ng �ndustry �n the USA and Europe.
 �       Look�ng at the �nternat�onal greenhouse cult�vat�on today, �t �s seen that greenhouses are spread 
over a w�de area around the world. It �s seen that ecolog�cal factors and greenhouse technology 
are qu�te d�fferent on th�s w�de spread�ng area.

               1.2.1. Greenhouse Appl�cat�ons Accord�ng to Cl�mate Zones
�        Greenhouse act�v�t�es are spread over an area of   approx�mately 1.2 m�ll�on hectares �n the world. 
Th�s spread can be done us�ng d�fferent methods depend�ng on cl�mat�c cond�t�ons. D�fferent 
greenhouse appl�cat�ons appear as env�ronmental factors and technolog�cal appl�cat�on d�fferences. 
As a result; It �s poss�ble to group them as cool, temperate and both cl�mates.
 �       The temperate zone, �nclud�ng Turkey, �s the most su�table cl�mat�c zone for greenhouse 
appl�cat�ons. Wh�le cool�ng systems are needed �n very hot cl�mates, heat�ng systems are needed 
for greenhouse act�v�t�es �n the cool cl�mate zone. Th�s �ncreases the cost �n greenhouse appl�cat�ons. 
In the map below, the red areas show the hot areas and the blue areas show the cool areas and form 
an �dea for greenhouse appl�cat�on areas.
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F�gure 1: World Solar Energy Map

               1.2.2. Countr�es �n the Cool Cl�mate Zone
        The ma�n countr�es �n the cool cl�mate zone w�th an average annual temperature below 10 °C 
are the Netherlands, England, Denmark, Germany, Roman�a, Bulgar�a and Russ�a. The Netherlands 
�s the lead�ng country among these countr�es w�th �ts 10,000 hectare glass greenhouse area and 
product�on techn�que. The common features of these countr�es �n terms of greenhouse cult�vat�on 
are as follows;
· Greenhouse bu�ld�ng mater�als are made of profile steel, alum�num or other alloys, wh�le cover�ng 
mater�als are glass.
· Greenhouse construct�on and �nstallat�on of heat�ng systems �ncrease the �nvestment cost.
· It �s necessary to make cont�nuous heat�ng systems �ns�de the greenhouse due to cl�mat�c 
cond�t�ons.
· Appropr�ate heat�ng, l�ght�ng, vent�lat�on and other cultural processes are carr�ed out �n these 
greenhouses.
 �       Compared to the countr�es �n the cool cl�mate zone, the countr�es �n the temperate cl�mate; 
It encounters d�fficult�es such as h�gher product�on costs, h�gher energy costs, and �ncreas�ng 
the product var�ety.
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              1.2.3. Countr�es �n the Temperate Cl�mate Zone
       Spa�n, France, Japan, Turkey, Italy, Greece and Israel are countr�es �n the temperate cl�mate 
zone w�th an annual average of 10 oC to 20 oC. Favorable env�ronmental cond�t�ons �n these 
countr�es make greenhouse act�v�t�es more profitable. The h�gh average temperature �n w�nter 
months reduces greenhouse heat�ng costs and an �ncrease �n greenhouse areas �s observed �n these 
countr�es.
 �      Cons�der�ng the common features of the countr�es �n th�s belt;
· The greenhouse cover mater�al used �s plast�c.
· Greenhouse operat�on �nvestment cost �s low.
· Greenhouse heat�ng costs can be kept at the lowest level.
· In these countr�es, greenhouse act�v�t�es can be carr�ed out mostly as spr�ng and autumn firstfru�ts.
· Desp�te the low �nvestment and operat�ng costs, the low level of product�on technolog�es 
�n greenhouses reduces the y�eld and qual�ty obta�ned from greenhouses.

              1.2.4.  Countr�es w�th Two Cl�mates
�      The ma�n countr�es �n two cl�mat�c zones w�th annual average temperatures between 0 °C and 
20 °C are the Netherlands, Egypt, Morocco, Italy, Spa�n, Belg�um and Ch�na. The common feature 
�n these countr�es �s glass and plast�c greenhouses together. Wh�le greenhouses �n Med�terranean 
countr�es have these features, h�gh technology �s also appl�ed �n plast�c greenhouses �n the USA 
and Japan.
 �     Due to the �ncrease �n the cost of greenhouse heat�ng all over the world, greenhouse 
management �s sh�ft�ng from cold reg�ons to temperate reg�ons, and towards reg�ons where 
the season �s su�table and heat�ng costs are low �n w�nter. For th�s reason, the most su�table 
countr�es for greenhouse bus�nesses are those at 30-40 lat�tudes. Wh�le the temperature �ncreases 
below the 30th lat�tude, the need for cool�ng becomes the heat�ng need due to the decrease �n a�r 
temperature above the 40th lat�tude.

       1.3.  Analys�s of Greenhouse Act�v�t�es by Country
�       When greenhouse cult�vat�on exper�ences are exam�ned �n c�t�es around the world, from Spa�n's 
wh�te-roofed c�ty Almer�a to tomato parad�se Flor�da, no matter wh�ch country one goes to, 
the potent�al to sat�sfy the consumer w�th the qual�ty of the products produced �n modern 
greenhouses and the producers w�th the�r earn�ngs �s always h�gh. Greenhouse cult�vat�on, 
wh�ch �s appl�ed �n large agr�cultural areas, espec�ally �n countr�es w�th d�fficult cl�mat�c cond�t�ons, 
g�ves strength to the agr�cultural sector. More prec�sely, w�th modern greenhouse cult�vat�on, �t �s 
poss�ble to grow bananas �n Iceland and tomatoes �n Canada.

               1.3.1.  Greenhouse Plant�ng �n Spa�n
�       It �s the first country that comes to m�nd when �t comes to greenhouse cult�vat�on. Spa�n, 
the largest greenhouse country �n Europe, �s Turkey's b�ggest r�val �n th�s regard. 43 thousand 
hectares of a total area of   52 thousand hectares �s �n the c�ty of Almer�a, wh�ch �s located �n the 
south of Spa�n and known as the c�ty w�th the wh�te roof. In Spa�n, 80% of greenhouse areas are 
reserved for vegetables, 15% for fru�t and the rema�n�ng 5% for seedl�ng cult�vat�on. The ma�n 
products produced are tomatoes, peppers, cucumbers, green beans, melons and watermelons.
 �      Wh�le Almer�a, the wh�te-roofed c�ty of the country, had barren lands unt�l about 25 years ago, 
today �t has l�terally turned �nto a greenhouse parad�se w�th �mported so�ls, hydropon�c systems, 
dr�p �rr�gat�on and chem�cal fert�l�zers.
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P�cture 3: A B�rd's-Eye V�ew of the Greenhouses �n Almer�a (The C�ty w�th the Wh�te Roof)

               1.3.2.  Greenhouse Plant�ng �n Ch�na

��        It �s d�fficult to talk about a country that has more area than Ch�na �n greenhouse d�str�but�on 

�n the world. Be�ng the world leader �n vegetable product�on, Ch�na also uses �ts surface area 

advantage �n greenhouse cult�vat�on. Most of the greenhouse cult�vat�on of 2.7 thousand hectares 

�s carr�ed out �n the northern reg�ons of the country.

               

               1.3.3.  Greenhouse Plant�ng �n the Netherlands

�        �The Netherlands, located �n the cool cl�mate zone, �s confronted w�th 10 thousand hectares 

of glass greenhouse areas and advanced product�on techn�ques. Half of the country's total fresh fru�t 

and vegetable product�on �s met by greenhouse cult�vat�on. Wh�le greenhouse products are ma�nly 

produced w�th pepper, tomato and cucumber, approx�mately 80% of these products are exported.

               

               1.3.4.  Greenhouse Plant�ng �n the USA

�        Glass greenhouses are mostly found �n the USA. Ma�nly tomato cult�vat�on �s done. 

The average y�eld of tomatoes per hectare �s 484 tons. The reg�ons where greenhouse cult�vat�on �s 

most common are Flor�da and Cal�forn�a, depend�ng on cl�mat�c character�st�cs.

 �       In Canada, wh�ch has arable lands only �n the south of the country, 89% of product�on �s 

prov�ded by greenhouse cult�vat�on. Due to the harsh weather cond�t�ons, the major�ty of plant 

cult�vat�on �s �n the form of greenhouse cult�vat�on. In Canada, where tomato product�on �s less than 

�n the USA and Mex�co, more greenhouse appl�cat�ons are encountered for tomato cult�vat�on.�

               1.3.5.  Greenhouse Plant�ng �n Italy

�Italy, wh�ch has a say �n the greenhouse race �n the Med�terranean, produces plants w�th 30 thousand 

hectares of greenhouse cult�vat�on. The most commonly grown greenhouse product �s tomato. 

However, the fact that the lands are too d�v�ded �n Italy affects the greenhouse act�v�t�es negat�vely. 

Half of the greenhouses are located on lands smaller than 5 hectares, wh�le 10% of them are bu�lt 

on areas of 50 hectares and above.�
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       1.4.  Greenhouse Plant Cult�vat�on �n Turkey
�        Commerc�al greenhouse act�v�t�es �n our country are located �n Yalova �n the last years of the 
Ottoman Emp�re and the first years of the Republ�c Per�od. Wh�le greenhouses were establ�shed for 
research purposes �n the 1940s, a small number of commerc�al greenhouses were establ�shed �n 
Antalya and İzm�r between the years 1940-1960. After 1970, greenhouse cult�vat�on has shown 
great �mprovement w�th the use of transparent plast�c (polyethylene) as a cover�ng mater�al. 
In our country, along the coasts of the Med�terranean and Marmara reg�ons, c�t�zens pract�ce 
greenhouse act�v�t�es as a source of l�vel�hood.
 �       There �s a great deal of parallel�sm between the domest�c d�str�but�on of greenhouse areas 
�n Turkey and the temperature d�str�but�on. So much so that the most greenhouse act�v�t�es �n Turkey 
(exclud�ng the prov�nces where geothermal greenhouse cult�vat�on �s carr�ed out) are concentrated 
�n the southern prov�nces.

       W�th the use of geothermal energy as an alternat�ve energy source �n recent years, greenhouse 
cult�vat�on has started to develop �n the �nner reg�ons as well. Geothermal greenhouse act�v�t�es are 
found �n Den�zl�, Man�sa, İzm�r, Afyon, Balıkes�r, Kütahya, Aydın and Urfa prov�nces.
 �      Greenhouse act�v�t�es have developed over t�me compared to the past, w�th the change of 
bu�ld�ng mater�als, the advancement of technology and the evaluat�on of alternat�ve resources.
 �      The most �mportant factor �n greenhouse cult�vat�on �s to prov�de the des�red temperature �n the 
greenhouse. Heat�ng appl�cat�ons to reach the des�red temperature �ncrease the cost. Accord�ngly, 
greenhouse cult�vat�on has not developed �n some reg�ons due to the very cold w�nter months. 
In th�s case, geothermal energy and greenhouse act�v�t�es have come to the fore as an alternat�ve 
source.
 �      Turkey �s �n the most su�table pos�t�on �n terms of greenhouse cult�vat�on �n the world. It has 
the advantage of cl�mate that many countr�es do not have. In these reg�ons, by us�ng pass�ve 
systems w�th solar energy, �t �s poss�ble to grow crops �n econom�cal and pract�cal greenhouses 
�n a short t�me �n spr�ng and autumn, and to obta�n early crops, that �s, at the beg�nn�ng of the season, 
w�th appropr�ate and suffic�ent spray�ng w�thout the need for hormone use.
 �      In our country, greenhouse appl�cat�ons and plant cult�vat�on meet the 8-month vegetable need 
between October and July, wh�le prov�d�ng export opportun�t�es. It has become a sector that has 
a bus�ness l�ne for thousands of adults.
       The b�ggest factor l�m�t�ng greenhouse management �n our country �s the h�gh fuel used to 
prov�de the opt�mum temperature for plant growth �n the greenhouse, as well as the heat�ng system 
and ma�ntenance costs. Med�terranean, Aegean, Marmara and Black Sea Reg�ons are reg�ons w�th 
su�table m�crocl�mates for greenhouse management. 

F�gure 2: Annual Average Temperature D�str�but�on of Turkey
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The reg�stered greenhouses �n our country are g�ven �n the table below accord�ng to 2019 data.

Table 1: Number of Greenhouses and D�str�but�on Area by Greenhouse Types �n Turkey

        It �s poss�ble to l�st the general character�st�cs of greenhouse cult�vat�on �n Turkey as follows;

· Benefit�ng from ecology due to the presence of m�crocl�mate areas

· Develop�ng near major markets

· Cult�vat�on of early-season products

· Greenhous�ng as small fam�ly bus�nesses

· Glass and plast�c greenhouses are common.

 �       The d�str�but�on of greenhouse products grown �n Turkey �s as follows, accord�ng to 2019 data.

F�gure 3: D�str�but�on of Greenhouse Products Grown �n Turkey
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       1.5.  Factors Influenc�ng the Select�on of the Greenhouse Locat�on��

               1.5.1.  Ecolog�cal Factors
�       Plants need su�table env�ronmental cond�t�ons for the�r development. Therefore, when plann�ng 
a greenhouse, a su�table env�ronment should be prepared for the plant to be grown.
                      1.5.1.1.  L�ght
�        L�ght has an �mportant place �n the development of green plants. Plants take advantage of 
sunl�ght wh�le perform�ng photosynthes�s. Plants convert the carbon d�ox�de �n the a�r �nto 
carbohydrates by comb�n�ng them w�th the water �n the�r content only when there �s l�ght. In th�s 
way, wh�le prov�d�ng the food �t needs, they also release oxygen for the cont�nuat�on of l�fe. In order 
for the plants to develop, the sunbath�ng level must be at the des�red level �n the reg�on to be grown.
 �       The amount of sun exposure of each plant dur�ng development �s d�fferent. As the amount 
of sun exposure �ncreases, plant growth also �ncreases. The cho�ce of greenhouse locat�on �s 
�mportant, espec�ally cons�der�ng that the weather �s constantly cloudy dur�ng the w�nter months. 
Our country allows the construct�on of greenhouses almost everywhere �n terms of sunbath�ng.
                      1.5.1.2.  Temperature
�       The amb�ent temperature �s very �mportant �n determ�n�ng the greenhouse temperature. 
Preferr�ng places where the w�nter months are warm for greenhouse construct�on reduces heat�ng 
costs. In cold seasons, greenhouses need to be heated, espec�ally at n�ght. In add�t�on, m�cro-cl�mate 
places are su�table areas for sett�ng up greenhouses. The temperature needs of greenhouse plants are 
also d�fferent from each other. Therefore, before �nstall�ng the greenhouse, �t �s necessary to know 
the temperature requ�rement of the plant to be grown.

F�gure 4: Env�ronmental Factors �n Plann�ng the Greenhouse Type

Table 2: Opt�mal Temperature Requ�rements of Some Vegetables and Cut Flowers Grown �n Greenhouses
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                      1.5.1.3.  A�r Movement

�        Local w�nds should be known �n the places where greenhouses w�ll be establ�shed. In places 

where greenhouses w�ll be establ�shed, places that are sheltered from cold and strong w�nd should 

be preferred. If a greenhouse �s requ�red to be �nstalled �n a w�ndy area, w�ndbreaks should be bu�lt 

to protect �t from the w�nd. The w�nd can cause destruct�on on the greenhouses and damage to the 

cover mater�al. W�nd can also affect the �ndoor temperature of the greenhouse �n var�ous ways, 

no matter how well the cover�ng mater�al �s covered.

                      

                      1.5.1.4.  So�l and Topography

        Greenhouses have an �mportant place among the places where agr�culture �s made, so for 

a qual�ty agr�culture, care should be taken to ensure that the so�l �s of good qual�ty. If the plant �s to 

be grown �n pots, the qual�ty of the greenhouse so�l �s not �mportant. When greenhouses are 

establ�shed �n places w�th h�gh ground water, problems such as coldness of the so�l, lack of a�r and 

d�sease of plant roots are encountered.

 �       In the area where the greenhouse w�ll be establ�shed, the topography �s also �mportant bes�des 

the greenhouse so�l. The very slope of the area where the greenhouse w�ll be �nstalled can make �t 

d�fficult to �nstall, water and cult�vate the so�l.

                      

                      1.5.1.5.  D�rect�on

�        The r�ght d�rect�on should be chosen to ensure max�mum sun exposure �n greenhouses. 

In countr�es located �n the northern hem�sphere, the greenhouse �s or�ented to the south, southeast 

and southwest. The southward slope of the slope prevents the effects of cold and strong w�nds. 

Wh�le determ�n�ng the greenhouse d�rect�on, the plants to be cult�vated should be planted �n a 

south-north d�rect�on so that they do not shade each other.

               

                      1.5.2.  Irr�gat�on Water

�       Water �s needed to meet the plant's water needs, to mo�sten or cool the greenhouse on hot days. 

Apart from th�s, water �s needed for wash�ng the harvested d�rty vegetables and fru�ts before the 

market, d�lut�ng the drugs to be used, and wash�ng the greenhouse cover when necessary. If there �s 

no water �n the areas where the greenhouse w�ll be establ�shed, ra�nwater collect�on areas can be 

created to meet the water need, and the water need can be met.

F�gure 4.5: Examples of Irr�gat�on System Appl�ed �n Greenhouses
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               1.5.3.  Econom�c Factors

�        Greenhouse farm�ng, wh�ch has job opportun�t�es for adults, has become a sector �n 

geograph�es su�table for greenhouse establ�shment. In order to ach�eve �nvestment goals such as 

h�gh qual�ty and low cost, the follow�ng �ssues should be cons�dered �n the select�on of greenhouse 

locat�on; energy, road, market and sales opportun�t�es, locat�on of the enterpr�se.

·Energy; It �s used for heat�ng the greenhouse and operat�ng tools and equ�pment. It should be 

permanent and �nexpens�ve. Energy sources; electr�c�ty, geothermal energy, solar energy, coal, 

natural gas, heat�ng fuels.

·Path; greenhouses should be close to the road. In th�s way;

       1. Produced products are not damaged unt�l they reach the market

       2. It allows the greenhouse mater�als to be transported to the greenhouse more eas�ly.

·Market and sales opportun�t�es; Crops grown �n greenhouses are generally more expens�ve. 

The goal of the breeders �s to sell the products at h�gh pr�ces �n a short t�me. Therefore, the 

establ�shment of greenhouses close to large settlements �s cons�dered an advantage. However, 

�f the des�red demand cannot be reached �n the domest�c market, fore�gn market searches should 

also be made.

·Bus�ness layout; There are other structures �ns�de the enterpr�se, apart from the greenhouses. 

These are storage, packag�ng, fert�l�zer preparat�on, ster�l�zat�on and heat�ng areas. In order for the 

ma�ntenance and controls of the greenhouse to be carr�ed out �mmed�ately, these sect�ons must be �n 

a certa�n order.

2.  GREENHOUSE TYPES AND BUILDING MATERIALS

       2.1.  Greenhouse Types

�       Plants show effic�ent growth and development under su�table env�ronmental cond�t�ons. 

Greenhouses are planned for plant cult�vat�on �n case su�table cond�t�ons cannot be prov�ded.

 �      It �s necessary to create the most su�table cond�t�ons �n the select�on and plann�ng of greenhouse 

types. Factors such as the purpose of use, s�ze, cl�mat�c cond�t�ons, operat�ng cost are �mportant 

�n the select�on of the greenhouse type.

P�cture 6: Plant Grow�ng �n Glass Greenhouses
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               2.1.1.  Purpose of Use of the Greenhouse 
�        We can l�st the usage purposes of greenhouses as follows;
· To prov�de econom�c benefit,
· Mak�ng use of free t�me,
· Research,
· To be able to grow var�ous plants,
· To tra�n
 �      Espec�ally the greenhouses establ�shed for econom�c purposes prov�de add�t�onal �ncome 
opportun�t�es to fam�ly bus�nesses or fam�l�es. Wh�le those that are establ�shed as the ma�n source 
of �ncome are usually large, those who want to earn anc�llary �ncome bu�ld smaller greenhouses.
               2.1.2.  S�ze Requ�red �n the Greenhouse
�       The s�ze of each greenhouse sect�on or the total greenhouse area �n a greenhouse bus�ness 
depends on the amount and type of labor �n the bus�ness. If there are tools and equ�pment to be 
used �n the enterpr�se, the greenhouses are larger and the number of un�ts should be planned more. 
For a small fam�ly bus�ness, �t �s des�rable that the greenhouse to be establ�shed should not be 
less than 500-600 m2. Greenhouses planned for s�de �ncome are dependent on the amount of t�me 
ava�lable for greenhouse work and the amount of labor �n the fam�ly.
               2.1.3.  Cl�mat�c Cond�t�ons of the Settlement
�       In the select�on of the greenhouse type, var�ous factors such as the h�ghest and lowest 
temperature values   of a reg�on, w�nd cond�t�on, prec�p�tat�on type, �ntens�ty and durat�on, sunsh�ne, 
number of cloudy days and lat�tude should be cons�dered. For example, the roof of the greenhouse 
located �n a cold and snowy reg�on should be more durable and low, and �t should be made h�gher 
�n warm places.
               2.1.4.  Topograph�c and Ecolog�cal Character�st�cs of the Greenhouse S�te
�       Env�ronmental cond�t�ons such as the topography of the place where the greenhouse �s planned, 
land slope, m�crocl�mate cond�t�ons, be�ng �n a closed or open valley are taken �nto cons�derat�on.
               2.1.5.  F�nanc�al Strength of the Bus�ness
�       The econom�c power of the enterpr�se and the large amount of cap�tal allocated for the 
greenhouse are �mportant �n the select�on of the greenhouse type to be establ�shed. For bus�nesses 
w�th suffic�ent cap�tal for glass-covered, alum�num-framed greenhouses, the �n�t�al setup cost �s h�gh, 
wh�le ma�ntenance costs are low throughout the year. On the other hand, the annual ma�ntenance 
costs of the plast�c-covered and wood-framed greenhouse types, wh�ch have low �n�t�al �nvestment 
costs, are h�gh.
               2.1.6.  Tool and Equ�pment Opportun�t�es of the Bus�ness
       Wh�le the work �s mostly done by hand �n small greenhouses, tools and equ�pment are used for 
processes such as so�l process�ng, fert�l�zat�on, spray�ng, so�l d�s�nfect�on and product clean�ng 
�n large greenhouse enterpr�ses.
               2.1.7.  Future Changes and Developments
�       Before the greenhouse �s �nstalled, the �nstallat�on should be planned accord�ng to the product 
to be grown. If �t �s planned to grow another product other than the one grown �n the future, �t w�ll 
be necessary to change the greenhouses. For example; A tall plant cannot be grown later �n a low 
greenhouse �n order to grow low plants. For th�s reason, before the greenhouse �s establ�shed, 
the products that can be grown should be evaluated and a jo�nt plann�ng should be made accord�ngly.

P�cture 7: Modern Greenhouse Bu�lt w�th Develop�ng Technology
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       There are many var�ables �n agr�culture such as develop�ng technology, chang�ng cl�mat�c 

cond�t�ons, demanded products. By adapt�ng to these var�ables, the product target at average 

standards �s preserved.

               

               2.1.8.  Owner's L�kes

�      The general culture of the adults who w�ll establ�sh the bus�ness, the knowledge they have 

about agr�culture, the�r aesthet�c v�ews and the�r exper�ence about greenhouses �n d�fferent 

geograph�es are effect�ve �n determ�n�ng the greenhouse type. In our country, mostly env�ronmental 

greenhouse types are taken as an example �n determ�n�ng the greenhouse type.

 �      If a general evaluat�on �s to be made, the follow�ng should be taken �nto account when 

establ�sh�ng a greenhouse su�table for the selected greenhouse type.

· Greenhouses should be aesthet�cally pleas�ng w�th other structures �n the enterpr�se.

· The greenhouse should be able to prov�de the most su�table env�ronmental cond�t�ons for plant 

growth, health and y�eld.

· The planned locat�on and s�ze of the greenhouse �nstallat�on should be �n accordance w�th 

the future goals of the enterpr�se.

· In order to benefit from the workforce �n the most effic�ent way, greenhouse sect�ons and parts 

should be des�gned �n the most appropr�ate way.

· Greenhouse bu�ld�ng mater�als should be strong, durable and pleasant �n appearance.

       2.2.  Class�ficat�on of Greenhouses

               

                2.2.1.  Greenhouse Types by S�ze

�       Greenhouse s�ze: �s the w�dth and length of the greenhouse floor area. The product of these 

two d�mens�ons g�ves us the base area. When g�v�ng the s�ze of a greenhouse, the length and w�dth 

should be �n harmony w�th each other. Instead of bu�ld�ng narrow and short greenhouses s�de 

by s�de, a large greenhouse w�th the same floor area can be establ�shed to prevent the negat�ve 

effects of env�ronmental cond�t�ons. It also saves on �n�t�al setup cost and fuel.

 �      Accord�ng to the s�ze of the greenhouses; It �s d�v�ded �nto three as large, med�um and small 

greenhouses. Large greenhouses can be �n the form of �nd�v�dual or block greenhouses. 

Large greenhouses are greenhouse types w�th a floor area of   more than 1,000 m2 and a he�ght 

of 50-100 m. Med�um-s�zed greenhouses vary �n s�ze between 100-1000 m2. These greenhouses, 

wh�ch are between 25-50 m �n length and 3-20 m �n w�dth, are used for aquaculture and seedl�ng 

product�on. Small greenhouses are greenhouses w�th a floor area of   less than 100 m2. The w�dths 

of these greenhouses, wh�ch are used espec�ally for flor�culture �n home gardens, vary between 

1-6 m and the�r lengths between 2-20 m.
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                2.2.2. Greenhouse Types Accord�ng to Establ�shment Types
�        Accord�ng to the way greenhouses are establ�shed; It �s d�v�ded �nto four as �nd�v�dual 
(s�ngle roof), block, adjacent and tower type greenhouses.
 �       Ind�v�dual greenhouses are set up alone. Adjacent greenhouses are set up aga�nst a wall or 
bu�ld�ng. In these greenhouses, even �f one or more surfaces are surrounded by walls, the slope 
of the roof faces south and transparent mater�al �s used. Block greenhouses are formed by comb�n�ng 
more than one �nd�v�dual greenhouse. In the absence of walls at the jo�nts, there are struts to carry 
the we�ght of the roof. If the s�de walls are removed when comb�n�ng �nd�v�dual greenhouses, 
they are called “und�v�ded block greenhouses”, �f the s�de walls are not removed, these 
greenhouses are called “spl�t block greenhouses”.

F�gure 5: Example of Ind�v�dual Greenhouse Arch�tecture F�gure 6: Example of Adjacent 

Greenhouse Arch�tecture

F�gure 7: Arch�tectural Example of Block Greenhouses

        Tower type greenhouses are establ�shed from small product�on areas �n order to create more 
product�on areas. Examples of th�s type of greenhouse are found �n Western European countr�es. 
In tower greenhouses, the product�on area can be �ncreased w�th a rack system connected to a gear 
arrangement.

F�gure 8: Arch�tectural Example of Tower Type Greenhouse
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P�cture 8: Venlo Type Glass Greenhouse

P�cture 9: Greenhouse Frame w�th Steel as 

the Construct�on 

               2.2.3.  Greenhouse Types Accord�ng to the Structure

�        The most �mportant structural elements that make up the framework of the bu�ld�ng are the 

beam and the roof carr�er column. Greenhouses w�th these elements are planned accord�ng to the 

roof shapes. Greenhouses w�th a double p�tched roof are grouped accord�ng to the roof carr�er 

column (support). Thus, th�s type of greenhouses 

can have two, three, five or more supports.

 �       S�nce the roof beam �s carr�ed by two 

columns from both ends �n double-supported 

double-sloped greenhouses, labor �s more 

comfortable compared to greenhouses w�th 

more supports. The greenhouse �nter�or can be 

arranged as des�red.

 �       In many countr�es around the world, 

greenhouses d�ffer accord�ng to the�r skeletal 

structures. For example; Venlo type greenhouses, 

examples of wh�ch we come across �n the 

Netherlands, are known as the l�ghtest structure, 

and the vent�lat�on process �n these greenhouses 

�s done by open�ng the glass w�ndows. If th�s 

type of vent�lat�on �s not suffic�ent �n reg�ons 

w�th a cont�nental cl�mate where the w�nd �s less, 

new systems can be developed to prov�de 

vent�lat�on.

       Greenhouses also vary accord�ng to the type 

of skeletal mater�al. Greenhouses w�th wooden, 

�ron, concrete, alum�num, art�fic�al fiber skeletons and a�r-�nflated greenhouses are used.

               2.2.4.  Greenhouses by Temperature

�       Greenhouses accord�ng to the temperature;

· Hot

· Warm

· Cold

 �      The average greenhouse temperature of hot greenhouses �s between 20-24oC and the 

temperature �n these greenhouses does not fall below 18oC. Heat-lov�ng plants should be grown �n 

these greenhouses. In warm greenhouses, the temperature �s between 10-20oC. Cold greenhouses 

are greenhouses w�th an �nternal temperature between 0-10oC and no heat�ng �s done �n these 

greenhouses. For th�s reason, these greenhouses can be used for plant cult�vat�on �n temperate 

reg�ons w�th a su�table cl�mate. These greenhouses are used �n seed grow�ng to help keep them 

cool and art�fic�ally bloom.
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               2.2.5.  Greenhouse Types Accord�ng to Roof Frame
�        Roofs of greenhouses; It can be s�mple, gable and w�th a rounded roof. S�mple roofed 
greenhouses are s�ngle-s�ded and the greenhouse �s based on a wall.
 �       Gable roof greenhouses have two roof surfaces. If these roof surfaces are equal to each other, 
�t �s called �sosceles, otherw�se �t �s called non-conjugate gable roof. Th�s type of greenhouses can 
rece�ve more l�ght by �nstall�ng them �n the east-west d�rect�on. M-type roof shape emerges w�th 
the comb�nat�on of gable roofs �n block greenhouses.

F�gure 9: Isosceles Gable Roof F�gure 10: Non-Conjugate Gable Roof 

       Round-roofed greenhouses are roof-type greenhouses that can make the most use of sunl�ght. 
The use of plast�c as a cover mater�al reduces �ts cost. Th�s type of round roof greenhouses can be 
set up �nd�v�dually or �n blocks.

P�cture 9-10: Ind�v�dual and Block Greenhouses w�th Round Roofs

               2.2.6.  Greenhouses Accord�ng to Ut�l�zat�on Types
�       Greenhouses accord�ng to the�r ut�l�zat�on forms;
· Cult�vat�on,
· Conservat�on and d�splay,
· Product�on,
· Research greenhouses are d�v�ded �nto four groups.
 �      In cult�vat�on greenhouses, the so�l �n the greenhouse �s used for d�rect cult�vat�on. 
Conservat�on and d�splay greenhouses are establ�shed for the purpose of grow�ng and sell�ng 
potted flowers that do not grow �n the reg�on where they are establ�shed. In the product�on 
greenhouses, seedl�ngs, seeds and cutt�ngs are produced. Research greenhouses have almost 
all poss�b�l�t�es for many researches to take place, and un�vers�ty greenhouses are examples 
of these greenhouses.
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               2.2.7.  Greenhouses by Cover Mater�al

�       Greenhouses �n terms of cover mater�al; are class�fied as glass, plast�c, art�fic�al fiber and 

plex�cam greenhouses.

 �      Glasses are class�fied accord�ng to the�r th�ckness and w�re content. Wh�le the l�ght 

transm�ttance and durab�l�ty of glass greenhouses are an advantage, the�r h�gh cost �s a d�sadvantage.

 �      Plast�c covered greenhouse appl�cat�ons are becom�ng w�despread. The most commonly used 

plast�cs are PVC (polyv�nylchlor�de) and PE (polyethylene). Plast�c mater�al wears out qu�ckly and 

�s torn from external factors. The�r l�fespan ranges from 6 months to 1-2 years.

 �      F�berglass cover �s ava�lable �n corrugated panels or �n flat rolls. It �s easy to work, a s�mple 

greenhouse can be covered w�th fiberglass mater�al �n 1-2 days. Most greenhouse planners prefer 

corrugated fiberglass panels on the roof and pla�n fiberglass or glass on the s�de walls.

 �      Plex�cam s�ngle or double layer acryl�c glasses are more useful than glass. It has advantages 

such as cutt�ng, punctur�ng, ch�pp�ng and st�ck�ng wh�le be�ng used.

P�cture11: Examples of Cover�ng Mater�al Used �n Greenhouses (Glass, Plex�cam, Pol�cam)

                2.2.8.  Greenhouses by Skeleton Mater�al

�        Greenhouses accord�ng to the skeleton mater�al; are class�fied as wood, �ron, concrete and 

alum�num greenhouses.

 �       The oldest known skeletal mater�al �s wood, but due to �ts rap�d decay, alternat�ve skeletal 

systems have been tr�ed. Wooden skeletons were replaced by �ron skeletons, wh�ch had to be putty 

and pa�nted over t�me. Concrete, on the other hand, �s used together w�th other skeleton mater�als 

�n the construct�on of greenhouse foundat�ons rather than the skeleton mater�al.

 �       In recent years, alum�num, wh�ch stands out w�th �ts l�ghtness and �s not affected by adverse 

weather cond�t�ons, has started to be used as a skeleton mater�al. But �ts cost �s h�gher than other 

skeletal systems.

 �       Although �t �s des�red to be used �n a�r-�nflated greenhouses where the skeleton mater�al �s not 

used, �t �s not preferred because a small deformat�on �n the plast�c may cause the greenhouse to 

collapse.

                2.2.9.  Greenhouses by Be�ng Portable

�       Greenhouses are d�v�ded �nto three as fixed, mob�le and portable accord�ng to the�r portab�l�ty.

 �      F�xed greenhouses, wh�ch make up the major�ty of greenhouses, are bu�lt on a foundat�on. 

The so�l fat�gue problem encountered �n fixed greenhouses has led to the emergence of mob�le 

greenhouses. The skeleton of the movable greenhouses can move r�ght or left, back and forth on 

the foundat�on. In hot weather, the greenhouse can be removed from the plants and normal farm�ng 

can be resumed. Desp�te these advantages, the reason why �t �s not preferred �s that �ts cost �s 25% 

more than fixed greenhouses.

 �      In recent years, �nstead of mov�ng the greenhouses, portable greenhouses have been made 

by d�sassembl�ng and re�nstall�ng them.
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       2.3.  Greenhouse Bu�ld�ng Mater�als
�       Greenhouse bu�ld�ng mater�als; can be grouped as foundat�on, skeleton and roof elements. 
In the select�on and plann�ng of these elements; The cl�mate �nformat�on of the reg�on where the 
�nstallat�on w�ll be made, the type of plant �ntended to be grown, the s�ze of the greenhouse bus�ness 
and the type of the enterpr�se should be evaluated.
 �      Apart from th�s, the follow�ng should be taken �nto account when choos�ng the construct�on 
mater�als of the greenhouse.
· The bu�ld�ng mater�al to be used should be cheap, durable and l�ght.
· It must be su�table for regular product�on
· It should save energy
· Installat�on and mod�ficat�on process should be easy
· Should not be affected by cl�mat�c cond�t�ons
· Des�red cond�t�ons must be prov�ded �n the greenhouse.
               2.3.1.  Fundamentals
�       Greenhouse foundat�ons are structures that carry the skeleton and greenhouse cover mater�al 
and other loads and transm�t them to the ground. Fundamentals;
· It connects the greenhouse to the so�l.
· It transfers the ent�re load of the greenhouse to the so�l.
· It protects the plants �ns�de the greenhouse from adverse env�ronmental cond�t�ons.
 �       The foundat�on should be able to transm�t all the load of the greenhouse on �t w�th the help of 
columns to the ground w�thout crack�ng, spl�tt�ng and spl�tt�ng. In th�s way, breakage does not occur 
�n glass greenhouses. If the foundat�on cannot carry the load transm�tted on �ts ground, the stat�c 
balance of the greenhouse w�ll deter�orate and �t w�ll be d�fficult to open and close the doors and 
w�ndows accord�ngly. As a result, the des�red cl�mat�c cond�t�ons �n the greenhouse cannot be 
ach�eved.
 �       In glass greenhouses, a foundat�on p�t �s dug along the per�meter of the greenhouse w�th 
a w�dth of 70 cm and a depth of 80-100 cm to make the foundat�on wall. If the secur�ty of the floor 
�s not suffic�ent, re�nforced concrete �s made on the lower part.
 �       Foundat�on walls are appl�ed �n two ways as underground and above ground. Subso�l 
foundat�on walls are �mportant �n heav�er glass and man-made fiber greenhouses.
 �       The foundat�on walls of plast�c-covered wooden greenhouses are made of br�ck, concrete, 
br�quette, concrete or stone to carry excess loads. In order to protect the greenhouse skeleton 
�n these greenhouses, rectangular or round concrete layers are poured on the feet of the greenhouse 
skeleton, and the elements that make up the greenhouse skeleton are connected to the foundat�on. 
In th�s way, negat�ve effects such as the overturn�ng of the greenhouse due to the w�nd and �ts 
d�smantl�ng are prevented.
 �       Above ground greenhouse walls are mostly bu�lt to protect the cover mater�al of the greenhouse 
and to prevent ra�n and snow waters. If the product�on �s done on the ground floor of the greenhouse, 
low walls of 20-30 cm h�gh are des�gned to prevent shad�ng. If the greenhouse �s des�gned for potted 
plant cult�vat�on, �f a ra�sed bench or table �s to be bu�lt, the h�gh wall �s bu�lt as 60-70 cm.

P�cture12: Above Ground Foundat�on Wall F�gure 11: Underground Foundat�on Wall
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       A dra�nage system should be �nstalled around the greenhouse to protect the greenhouse 
foundat�ons from flood�ng. Espec�ally the dra�nage system to be bu�lt around the block greenhouses 
�s prov�ded by p�pes la�d �n trenches dug at a depth of 75-100 cm at a d�stance of 100 cm from 
the foundat�on walls.

               2.3.2.  Greenhouse Skeleton
�       The greenhouse skeleton �s the structural un�t that starts after the foundat�on and transm�ts 
the we�ght and load of the greenhouse to the greenhouse foundat�on. Skeleton part; It cons�sts 
of upr�ghts, roof trusses, rafters, dr�p and gutters, and cover�ng mater�al. The frame mater�al can be 
of �ron, galvan�zed �ron, steel, alum�num and wood mater�al. Wooden skeleton mater�als are 
generally preferred �n greenhouses w�th plast�c cover mater�al. In greenhouses whose skeleton 
mater�al �s steel, the steels must be pa�nted regularly. Alum�num skeleton mater�al �s more expens�ve 
compared to other mater�als.
 �      The features of the elements that make up the skeleton should be as follows;
- It should be robust, l�ght and cheap,
- It should be easy to �nstall,
- Shad�ng should be less,
- Heat loss should be low.
 �       Columns, �e struts; The roof �s the structural elements that transm�t the we�ght to the foundat�on. 
Wood, steel and alum�num mater�als can be used. Concrete �s not preferred �n the construct�on 
of the columns as �t w�ll cause shad�ng �n the greenhouse. Columns must be strong �n order to 
protect the greenhouse structure �n �nd�v�dual and block greenhouses.
 �       Columns, wh�ch are cons�dered as load-bear�ng �n greenhouses, are placed at equal �ntervals 
w�th the roof beams, as they carry the loads on the roof beams. The plann�ng of these p�llars 
�s des�gned at certa�n �ntervals accord�ng to the skeleton mater�al and cover mater�al to be used.
 �       The column he�ght �s the he�ght between the greenhouse beam and the foundat�on walls. 
Th�s he�ght var�es accord�ng to the cl�mat�c cond�t�ons of the reg�on and the plants to be grown. 
In block greenhouses, on the other hand, the he�ght of the upr�ghts should be shortened �n one 
d�rect�on so that the prec�p�tat�on waters are removed. If there �s a slope �n a certa�n d�rect�on for 
surface �rr�gat�on methods or dra�nage systems �n a greenhouse, the gutters that w�ll remove the ra�n 
water must be adapted to th�s slope.

               2.3.3. Roof Elements
�       The roof elements that cover the greenhouses from above are grouped under two head�ngs as 
the skeleton form�ng the roof and the roofing mater�al. The greenhouse roof should be able to carry 
the we�ght of the elements that make up the roof, the transparent cover�ng mater�al that completely 
covers the roof, snow and ra�n water, the we�ght of the workers cl�mb�ng the roof and the plants 
hang�ng on the roof.
 �      Greenhouse roof skeleton; It cons�sts of rafter, purl�n and roof truss.

F�gure 12: Greenhouse Roof Elements
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        Roof trusses are the elements that connect the p�llars to each other �n w�dth, carry the roof 
load and form the roof. It �s bu�lt �n d�fferent ways depend�ng on the w�dth of the greenhouse and 
the load �t w�ll carry. Purl�ns are the structures that carry the load �n the greenhouse, connect�ng 
the upr�ghts and the roof trusses. The rafters (beams) ensure that the cover�ng mater�al �s attached. 
The beams are placed on the purl�ns. The fewer the number of beams, the more shaded 
the greenhouse w�ll be. The w�ndbreaks are connected to each other crossw�se at certa�n po�nts 
on the roof and s�de walls to prov�de res�stance aga�nst w�nd power �n the greenhouse. It �s generally 
used �n large greenhouses. The number of w�ndbreaks �s proport�onal to the s�ze of the greenhouse. 
Droppers and troughs are troughs made to collect the condensed water drops �ns�de the greenhouse. 
Droppers are made on the part where the roof and s�de walls meet. On the other hand, �n block 
greenhouses, gutters are made for the collect�on and flow of melted snow water and ra�n water. 
Dropper and gutter mater�al var�es accord�ng to cover and skeleton mater�al. For example, �n glass 
greenhouses, the gutter mater�al �s made of alum�num or galvan�zed sheet �n U or V shape.
               2.3.4.  Cover Mater�al
�       Certa�n cover�ng mater�als; soft plast�c, hard plast�c and glass. Cover mater�als are the ma�n 
factor �n creat�ng ecolog�cal cond�t�ons �n the greenhouse. The sun rays com�ng to the cover mater�al 
are reflected, absorbed or passed �nto the greenhouse. Cover�ng mater�als should have features 
such as durab�l�ty, heat �nsulat�on, ease of cover�ng and be�ng econom�cal, as well as l�ght 
transm�ttance.
 �      Glass greenhouses have h�gher l�ght transm�ttance than greenhouses covered w�th plast�c and 
hard plast�c. The most commonly used type of plast�cs �n greenhouse cult�vat�on are soft plast�cs as 
they have low spec�fic grav�ty, are res�stant to abras�on, have low cost, are easy to coat and requ�re 
less labor. Plast�c mater�als attract dust and are d�fficult to wash. In add�t�on, condensat�on �s h�gh 
�n the greenhouse. Water vapor gl�des on the plast�c surface w�th d�fficulty and reduces the l�ght 
transm�ttance of the plast�c.
 �      Glass has a low ab�l�ty to transm�t heat waves. That's why glass greenhouses heat up slower and 
cool down slower. Glass mater�al has a h�gh cost of �nstallat�on and mod�ficat�on compared to other 
cover�ng mater�als. S�nce the surface �s easy to clean, there �s no decrease �n l�ght transm�ttance and 
can be used for a long t�me.
 �      We can l�st the benefits of glass cover mater�al as follows:
· It �s easy to prov�de a su�table env�ronment for plant cult�vat�on.
· It extends the product�on t�me, thus allow�ng the product to be found �n the market at all t�mes.
· The amount of product obta�ned per un�t area �s h�gher.
· D�sease �n the so�l, etc. It's eas�er to deal w�th.
· Glass cover �ncreases economy �n operat�on.
 �       Glasses preferred �n greenhouses are of a certa�n standard. Glass th�ckness var�es between 
2 and 5 mm depend�ng on the facade and area to be used. For example, 2-3 mm th�ck glasses 
are preferred on the s�de walls, and th�cker, 3-5 mm th�ck glasses are preferred for cover�ng the roof.
               2.3.5. Doors
�       It �s the element where the entrances and ex�ts to the greenhouse are made. In general, �t �s 
made of transparent, l�ght-transm�tt�ng mater�als such as greenhouse cover mater�als.
       Doors should be des�gned w�th at least one door �n each compartment to enable adults to work 
effect�vely. The w�dth of the doors �s 90-180 cm and the he�ght �s 2 m. Doors �n greenhouses where 
mechan�zed agr�culture �s carr�ed out are des�gned as double-w�nged or sl�d�ng. In tall greenhouses, 
there should be doors on both s�des to prevent loss of labor. Doors should be des�gned �n such a way 
that they do not cause heat loss.

P�cture 13-14: Greenhouse Door Examples
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                2.3.6.  Vent�lat�on Open�ngs

�       Vent�lat�on open�ngs are natural vent�lat�on elements used to prov�de heat and mo�sture 

accumulat�on �n the greenhouse and su�table cond�t�ons for the grown plant.

 �      The most �mportant task of the vent�lat�on open�ngs �s to d�scharge the hum�d and hot a�r out 

of the greenhouse. The mo�sture accumulat�ng �n the greenhouse can adversely affect the grow�ng 

plants. It also reduces the l�ght transm�ttance due to the droplets. These undes�rable events are 

naturally el�m�nated w�th vent�lat�on open�ngs. At the same t�me, vent�lat�on �s used to ma�nta�n 

the carbon d�ox�de and oxygen balance �n the greenhouse.

 �      Vent�lat�on open�ngs are made on both s�des of the greenhouse roof r�dge to prov�de good 

vent�lat�on �n the greenhouse. If there �s not enough vent�lat�on open�ng �n the roof r�dge, w�ndows 

should be opened. Natural vent�lat�on areas should be between 1/4-1/6 of the total greenhouse area. 

These open�ngs should be adjusted accord�ng to env�ronmental cond�t�ons when necessary. S�nce 

the heated and hum�d�fied a�r accumulates on the greenhouse roofs, mak�ng the vent�lat�on open�ngs 

on the s�de walls adversely affects the success of the targeted vent�lat�on.

F�gure 13: Greenhouse Vent�lat�on Open�ngs

       2.4.  Loads Affect�ng the Greenhouse 

�      One of the most �mportant factors to be cons�dered �n greenhouse structures �s the loads that may 

come on the bu�ld�ng elements. The loads on the greenhouse are effect�ve �n the format�on 

of deformat�ons �n the greenhouses. Greenhouse loads should be �nexpens�ve, l�ght, durable, 

low �n heat conduct�on, and easy to �nstall, so as not to cause shadows. The elements that make up 

the structure must be �n the smallest cross-sect�onal area that can safely carry the loads. The effect�ve 

loads on the greenhouse construct�on elements are as follows:

· F�xed Loads

· L�ve Loads

               2.4.1.  F�xed Loads

�       The constant loads �n the greenhouse cons�st of the we�ghts of the roof elements and the we�ghts 

of the systems suspended �n the greenhouse.

 �      The we�ghts of the roof elements, the roof, rafters, purl�ns and beams of the cover�ng mater�al 

cover�ng the greenhouse, should be known how much load �t g�ves to the un�t area of   the hor�zontal 

plane. Wh�le th�s �s not taken �nto account �n l�ght mater�als such as plast�c, �t �s 2.5-3 kg per square 

meter �n glass cover mater�al.

 �      The we�ght of the hang�ng systems �n the greenhouse are the loads created by the heat�ng and 

cool�ng systems connected to the greenhouse skeleton systems.
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               2.4.2.  L�ve Loads
�       W�nd, snow, the we�ght of the plants hang�ng on the roof and the we�ght of the worker cl�mb�ng 
the roof for any purpose, as well as the dynam�c effect of the earthquake can be g�ven as examples 
of l�ve loads.
 �      W�nd load �s one of the most taken �nto account �n greenhouse plann�ng. Wh�le the w�nd creates 
a pressure force �n the d�rect�on �t blows, �t creates a suct�on force on the other s�de. Greenhouse 
doors and w�ndows should be closed on w�ndy days. Otherw�se, �t may cause overturn�ng 
by creat�ng a suct�on force �n the greenhouse. Plast�c greenhouses cannot res�st the effect of the 
l�ft�ng force due to the suct�on force of the w�nd due to the l�ghtness of the roof mater�al and the 
l�ghtness of the skeleton system. For th�s reason, the connect�on of the roof elements should be 
strong, the cover should be supported w�th galvan�zed w�re or wooden laths to prevent balloon�ng. 
Where necessary, generat�ons should be d�scarded from the outs�de of the greenhouse.
       Snow load �s not calculated when des�gn�ng greenhouses �n areas where there �s no or less 
snowfall, �n enterpr�ses w�th a h�gh roof slope, �n heated greenhouses and �n places w�th h�gh w�nd.
 �      In order to obta�n more products from the un�t area, some vegetables are hung on the 
greenhouse roofs w�th ropes or d�fferent apparatus. The we�ght of these plants �ncreases as the fru�t �s 
formed. However, these loads are not cons�dered as roof element loads by be�ng attached to the steel 
w�res at the p�llar heads.
 �      Greenhouses should be des�gned �n such a way that they can carry the we�ght of the worker, both 
dur�ng the �nstallat�on phase and �n the case of mod�ficat�ons.

3.  New Techn�ques �n Greenhouse Cult�vat�on
�        W�th the �ncreas�ng populat�on, the need for food also �ncreases at the same rate. In order to 
obta�n a suffic�ent amount of product �n every season, �t �s ensured that the bus�ness �s ma�nta�ned 
by creat�ng d�fferent env�ronmental cond�t�ons outs�de the trad�t�onal greenhouses or us�ng d�fferent 
sources. Experts who have done research on th�s subject have developed so�lless agr�culture today 
by work�ng on the cult�vat�on of fru�ts and vegetables �n greenhouses on unsu�table so�ls. Stud�es 
are carr�ed out for the development of greenhouse agr�culture by reduc�ng heat�ng costs �n reg�ons 
w�th unfavorable cl�mates by us�ng geothermal resources for purposes such as heat�ng greenhouses.
       3.1.  So�lless Agr�culture 
�       So�lless agr�culture �s the cult�vat�on of plants by prov�d�ng all k�nds of grow�ng cond�t�ons that 
do not conta�n so�l. As a grow�ng med�um, only nutr�ent solut�on can be used, as well as var�ous 
organ�c and �norgan�c sol�d mater�als.
       The purpose of so�lless agr�culture;
· Ensur�ng plant development w�th nutr�ent solut�ons
· Meet�ng the water and nutr�ent needs of the plant �n a stress-free way
· It �s to meet these needs �n the most econom�cal way.
 �       Although so�lless agr�culture �s a method mostly appl�ed �n greenhouse cult�vat�on, �t �s poss�ble 
to encounter appl�cat�ons �n open areas today. Researchers have shown that tomatoes grown w�th 
so�lless agr�culture are at least as h�gh qual�ty as tomatoes grown �n so�l. W�th the d�ssem�nat�on of 
th�s system, successful greenhouse act�v�t�es can be carr�ed out �n stony, rocky, salty and barren areas 
unsu�table for agr�culture and �n areas w�th h�gh ground water.

P�cture15-16: So�lless Agr�cultural Pract�ces
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       We can l�st the reasons for so�lless farm�ng pract�ces as follows:
1. So�l loss:Due to the rap�d populat�on growth, the lands to be cult�vated may be �nsuffic�ent to meet 
the needed nutr�ents. Eros�on, barrenness, settlement �n agr�cultural lands and separat�on �nto tour�sm 
areas �ncrease the loss of so�l.
2. So�l fat�gue:Grow�ng the same product for many years �n a row �n greenhouses causes so�l fat�gue. 
Th�s reduces the fert�l�ty of the so�l. The result�ng so�l fat�gue can be el�m�nated by chang�ng the so�l 
and the product to be grown, but th�s method �s both �mpract�cal and econom�cally costly for the 
producer. In add�t�on, desp�te modern agr�cultural pract�ces, the des�red y�eld and qual�ty products 
cannot be grown.
3. D�sease, pest and weed problem:Immune d�seases, pests and weeds are a major problem �n areas 
where �ntens�ve agr�culture �s carr�ed out and the same product �s grown cont�nuously.
4. Excess�ve fert�l�zer and water consumpt�on: Fert�l�zers are used �n greenhouses to �ncrease plant 
y�eld and qual�ty. The use of too much fert�l�zer can cause env�ronmental pollut�on, and �t also br�ngs 
fert�l�zer problems �n the future. Aga�n, the amount of water that should be used for �rr�gat�on of 
agr�cultural areas �s not known. In add�t�on, s�nce the so�l absorbs water, there �s 4-5 t�mes more 
water expend�ture than so�lless agr�culture.
5. Energy and labor sav�ng:There �s a need for labor �n all areas where so�l farm�ng �s carr�ed out. 
There are many work �tems such as process�ng the so�l, prepar�ng for plant�ng, hoe�ng, mak�ng �t 
su�table for �rr�gat�on, weed control. A lot of energy �s needed to operate many tools and equ�pment, 
espec�ally tractors and coupl�ng equ�pment.

P�cture17-18: So�lless Agr�cultural Pract�ces

        The ma�n benefits of hydropon�c farm�ng are:
- So�ls unsu�table for agr�culture are evaluated.
- The nutr�t�onal value and pH value of the products are eas�ly prov�ded. W�th nutr�ent solut�ons, 
the balance of macro and m�cro elements �s prov�ded to the des�red extent.
- Root d�seases are detected less by aerat�on of the root part.
- Less area and water �s needed compared to so�ld agr�culture. It saves water as the same water 
can be reused �n closed systems.
- It saves energy and labor.
- In add�t�on to prov�d�ng better fru�t qual�ty, �t allows to obta�n products that v�sually sat�sfy 
the consumer.
- Prov�des h�gh product �nternal qual�ty (sugar, v�tam�n, m�neral, dry matter content)
- H�gh product�on/�ncome �s ach�eved. Product and y�eld planted per un�t area are h�gher.
- It allows crops to be grown for a long t�me. Thus, �t �s poss�ble to see the product �n the market 
throughout the year.
- Earl�er harvest can be ach�eved as �t �s a controlled cult�vat�on process.
- The sales area �s h�gh.
- It enables the development of �ndustr�es.
- Less pest�c�des are used.
- Flower�ng can be controlled.
- The t�me between two harvests �s short.
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P�cture 19: So�lless Agr�cultural Pract�ces

       Some d�sadvantages of so�lless agr�culture are as follows:

· The �n�t�al fac�l�ty setup cost �s h�gh.

· Qual�fied personnel �s requ�red.

· There are technolog�cal r�sks due to not be�ng able to keep up w�th the develop�ng technology and 

the real�zat�on of related errors.

· The system must be constantly mon�tored.

· The nutr�ent solut�ons and chem�cals used can leave a negat�ve �mpress�on on the consumer.

· If there �s no source such as geothermal energy for the heat�ng of greenhouses, the cost of 

energy �ncreases.

        3.2.  Geothermal Greenhouse�
�       The fact that the heat loss �n greenhouses �s very h�gh compared to re�nforced concrete structures, 

espec�ally at n�ght, the l�m�ted use of solar energy, the cost of systems that meet the need for heat�ng 

w�th foss�l fuels, made greenhouse cult�vat�on l�m�ted �n the spr�ng and autumn seasons. For th�s 

reason, us�ng geothermal energy as a heat�ng source �n geograph�es w�th geothermal resources 

makes greenhouse cult�vat�on su�table for all seasons, as well as greenhouse cult�vat�on �n cold 

cl�mates that are not su�table for greenhouse cult�vat�on act�v�t�es. Thus, wh�le the product grown 

�n that geography spreads to the market earl�er, �t also br�ngs many pos�t�ve results such as the 

employment of adults and the prevent�on of unplanned urban�zat�on �n the c�t�es due to the decrease 

�n m�grat�on �n the reg�on.�
�       Greenhouse heat�ng systems w�th geothermal energy are a collect�on of elements used to 

transport the geothermal flu�d from the area where �t �s extracted to the areas where the consumer 

�s located. These systems can be techn�cally grouped as heat�ng systems placed on the so�l surface, 

�ns�de or on grow�ng tables, a�r heat�ng systems us�ng fans and heat exchangers, and comb�ned 

heat�ng systems. It has been determ�ned that the most su�table method for the use of geothermal 

source among heat�ng systems �s the heat�ng system made from the ground or underground. Th�s 

system �s based on the pr�nc�ple of heat�ng the source by pass�ng through p�pes bur�ed at a certa�n 

depth and �ntervals fed from the same source, and support�ng �t w�th an amb�ent a�r heat�ng system 

ensures the best results.

                3.2.1. Geothermal Greenhouse �n the World

�        Global geothermal energy product�on was real�zed as 15,854 MW at the end of 2021. 

Desp�te all the d�fficult�es of the pandem�c, many countr�es have added new capac�ty. In 2021, 

the top 10 countr�es �n terms of �nstalled power generat�on capac�ty are respect�vely; USA, 

Indones�a, Ph�l�pp�nes, Turkey, New Zealand, Mex�co, Italy, Kenya, Iceland and Japan.
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F�gure 14: World Geothermal Energy Power Top Ten Country D�str�but�on Chart

        Accord�ng to the 2015 World Geothermal Congress report, �t �s a�med to �ncrease the capac�ty 

to 250,000 MWt w�th �nstalled geothermal power plants unt�l 2050.

 �       When Table 1 �s exam�ned, wh�le the capac�ty used for greenhouse heat�ng was 1.085 MW 

�n 1995, th�s value �ncreased to 1.830 MW �n 2015. In th�s �ncrease, the factors that cause the 

�ncrease �n so�lless agr�cultural act�v�t�es can be shown.

Table 1: World Geothermal Congress Data
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       When the table �s exam�ned, the �nstalled capac�ty value of greenhouse heat�ng �ncreases 

by 69% from 1995 to 2015. Accord�ng to 2015 data, the energy used for greenhouse heat�ng �n 

annual geothermal energy use �ncreased by 70% between 1995 and 2015.

 �      The lead�ng countr�es �n greenhouse cult�vat�on us�ng geothermal resources �n the world are 

Turkey, Hungary, Russ�a, Ch�na and Italy. In add�t�on, there are geothermal appl�cat�ons �n tree 

seedl�ngs �n the USA and �n banana orchards �n Iceland. The use of geothermal energy for 

agr�cultural purposes draws attent�on �n the d�rect appl�cat�ons of geothermal resource �n European 

countr�es such as Hungary, Macedon�a, Bulgar�a and Serb�a.

               3.2.2.  Geothermal Greenhouse �n Turkey

�       In Turkey, wh�ch has an �mportant place �n the world �n terms of geothermal energy potent�al, 

geothermal energy has var�ous usage areas such as space heat�ng, central heat�ng, greenhouse 

heat�ng, agr�cultural dry�ng, spa and geothermal heat pumps.

 �      When geothermal energy stud�es �n Turkey by years were compared by the General D�rectorate 

of M�neral Research and Explorat�on (MTA), the follow�ng results were obta�ned.

· The number of fields su�table for electr�c�ty generat�on �ncreased from 16 �n 2002 to 25 �n 2017.

· Wh�le greenhouse heat�ng was 500 decares �n 2002, �t �ncreased to 3.931 decares �n 2017, w�th an 

�ncrease of 686%.

· Wh�le res�dent�al heat�ng was 30,000 houses �n 2002, �t �ncreased to 114,567 houses �n 2017.

· Wh�le the �nstalled power �n electr�c�ty generat�on was 15 MW �n 2002, �t �ncreased to 1.052 MW 

as of the end of 2017.

· The apparent heat capac�ty of the country, on the other hand, �ncreased from 3,000 MW �n 2002 to 

15,500 MW �n 2017, result�ng �n a 416% �ncrease.

A� ccord�ng to 2013 data �n Turkey, plant cult�vat�on �s carr�ed out w�th a geothermal greenhouse �n 

a total of 147 enterpr�ses. In th�s denom�nator, geothermal greenhouse cult�vat�on �s carr�ed out �n 

İzm�r w�th a share of 24% and �n Man�sa w�th a sl�ce of 23.42%.

               3.2.3. Cons�derat�ons �n the Installat�on of Geothermal Greenhouses

�        In order for greenhouse act�v�t�es to be profitable, an average greenhouse should be at least 

20,000 m2, based on market demand and the product obta�ned from the un�t area.

E� spec�ally �n so�lless agr�culture, �t �s necessary to constantly mon�tor the current cond�t�ons on 

the computer. The opt�mum cond�t�ons needed by the plant to be grown are determ�ned and entered 

�nto the computers and these parameters are followed by the sensors placed �n the greenhouse. 

By detect�ng the change �n any parameter, �t �s ensured that the des�red values   are reached as soon as 

poss�ble through the system. The techn�cal character�st�cs of the greenhouse planned to be 

establ�shed �n th�s d�rect�on should be as follows;

- S�ngle top vent�lated goth�c roof

- Upper roof part �s PE nylon,

- Polycarbonate coat�ng on the s�des

- Automat�on system (heat�ng, �rr�gat�on, fert�l�zat�on, curta�n systems)

       The techn�cal spec�ficat�ons for a sample greenhouse study are as follows.
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Table 3: Sample Greenhouse Model Techn�cal 

       Four heat�ng systems can be ment�oned �n the heat�ng of greenhouses w�th geothermal energy.

· F�nned p�pe (serpent�ne) systems

· Fan co�l systems

       o Standard heat�ng un�ts

       o Low temperature heat�ng un�ts

· Ground heat�ng systems

· Heat�ng systems w�th stra�ght p�pes (natural convect�on)

       Serpent�ne systems:It �s usually made by add�ng round and rectangular fins of steel or 

alum�num.

P�cture 19: F�nned Tubes (Serpent�nes)
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       In order to calculate the co�l length, the capac�ty g�ven for the un�t length at the water �nlet at 

a certa�n temperature �s mult�pl�ed by the correct�on factors for the d�fferent temperature �nlet, 

and the length su�table for the capac�ty �s determ�ned. S�nce the p�pe length w�ll be longer �n natural 

convect�on serpent�ne systems, �t �s not pract�cal for greenhouse heat�ng. However, the ma�ntenance 

costs are very low and the need for no fans prov�des energy sav�ngs.

Forced convect�on serpent�ne un�ts: S�nce the preference of copper p�pes �n these systems w�ll 

cause corros�on, geothermal water should not be used d�rectly. Temperature control �s prov�ded 

w�th the help of fan. Wh�le �t can meet very h�gh heat�ng needs, �t allows rap�d �ntervent�on �n 

sudden temperature drops.

Ground heat�ng systems: P�pes placed under the ground first heat the so�l and then the greenhouse 

a�r. The most common p�pe mater�al �s polybutylene p�pes, wh�ch can w�thstand very h�gh 

temperatures. There �s a need for a secondary heater at peak loads, cons�der�ng the poss�b�l�ty 

of heat�ng the greenhouses from the ground, the so�l gett�ng too hot and damag�ng the plants. 

The way to be followed �n the des�gn �s as follows;

- F�nd�ng the thermal load of the greenhouse,

- Calculat�on of the requ�red floor temperature accord�ngly,

- Calculat�on of p�pe d�ameters, depth and spac�ng.

P�cture 20: Ground Heat�ng System F�gure 14: S�ngle and Double Row Slabs

        The recommended temperature for greenhouses w�th people �ns�de �s 30oC. When apply�ng 

these systems, �f the p�pe length �s too long �n the calculat�ons, pressure losses should be reduced; 

For th�s, the �nstallat�on �s d�v�ded �nto parallel l�nes and pressure losses are balanced. Another �ssue 

�s that the heat�ng �s carr�ed out homogeneously. If the temperature drop �n the p�pe �s more than 

about 8oC, double-row lay�ng as �n F�gure 14 w�ll ensure that the heat flow �s more homogeneous

 throughout the greenhouse.
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Stra�ght p�pe systems: In th�s system, polybutylene or steel p�pes of small d�ameter are pos�t�oned 

�n small clusters at a certa�n he�ght from the surface, closer to the ground �f poss�ble. Intermed�ate 

heat exchanger for temperature control �s done by means of valves. It �s a common alternat�ve w�th 

prec�se temperature control �n warm cl�mates due to the h�gh cost of p�pes �n adapt�ng to cold 

cl�mates. The des�gn �s as follows;

· Determ�nat�on of su�table geothermal flu�d flow rate

· Calculat�ng heat losses, determ�n�ng the temperature drop �n the water flow to be prov�ded and 

the average water temperature �n the �nstallat�on

· Calculat�on of the amount of heat that 1m p�pe length can g�ve at average water temperature

· F�nd�ng the necessary p�pe length to meet the heat requ�rement.

F�gure 15: Example of Stra�ght P�pe System

T�chelman method: Homogeneous heat�ng �s very �mportant for a greenhouse. In th�s, hydraul�c 

balance must be prov�ded. The des�red hydraul�c balance �s ach�eved by lay�ng the heat�ng p�pes 

accord�ng to the T�chelman Method. Because lay�ng the return l�ne of each heat�ng element �n the 

shortest way keeps the p�pe length of each element constant and th�s causes equal heat loss. 

In th�s way, equal flu�d flow always passes through the system.

F�gure 16: T�chelman Method
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Heat exchangers: Separat�ng the geothermal flu�d from the clean water l�ne and prov�d�ng 
temperature control are the ma�n tasks.
T� he temperature of the heat�ng p�pe must be controlled to ensure temperature control. Th�s �s most 
eas�ly ach�eved by chang�ng the flow rate of the geothermal flu�d enter�ng the heat exchanger.
P� late heat exchangers are most commonly used �n geothermal appl�cat�ons. Corros�on res�stant 
t�tan�um or sta�nless steel plates are used as heat exchanger mater�al. However, somet�mes �t has 
been observed that sta�nless steel p�pes are also subject to corros�on.               
               
               3.2.4.  Advantages and D�sadvantages of Trad�t�onal Greenhouse Cult�vat�on
�       We can l�st the advantages of us�ng geothermal energy for greenhouse heat�ng as follows:
· Low temperature (40-45 oC) geothermal flu�d can be used �n greenhouse cult�vat�on
· Creat�ng an alternat�ve as a heater for the heat�ng of greenhouses �n cold months
· Renewable, env�ronmentally fr�endly and locally sourced compared to other fuel sources
· Heat�ng costs lead producers to spr�ng and autumn cult�vat�on, wh�ch causes pr�ces to r�se 
excess�vely due to the low product supply dur�ng the trans�t�on per�ods.
 �       W�th the use of geothermal resource espec�ally �n greenhouse cult�vat�on; It �s env�saged to 
establ�sh organ�zed greenhouse zones w�th low product�on costs, rel�able and traceable, h�gh 
compet�t�veness, h�gh brand value and modern product�on.
 �       The d�sadvantages of us�ng geothermal resources for heat�ng greenhouses, h�gh �nvestment cost, 
need for tra�ned labor force, and �ntegrat�on w�th systems that requ�re cont�nuous mon�tor�ng can be 
shown among the d�sadvantages.
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· If the �nformat�on g�ven �n the sentences below �s correct (c), wr�te �t (�) �f �t �s �ncorrect.
(…) 1. The �nstallat�on cost of glass greenhouses �s lower than other cover�ng mater�als. 
(…) 2. Reg�ons located �n the temperate cl�mate zone are the most su�table places for greenhouse 
        operat�ons.
(…) 3. Known for �ts abundance of greenhouses, the reg�on also known as the Wh�te Roof C�ty �s 
        the Span�sh c�ty of Almer�a.
(…) 4. In order to meet the water need �n the areas where greenhouses w�ll be establ�shed, 
        ra�nwater collect�on areas can be created. 
(…) 5. Geothermal energy �s an env�ronmentally fr�endly energy source used for heat�ng 
        greenhouses.
(…) 6. Develop�ng technology �s of l�ttle �mportance �n determ�n�ng greenhouse types.
(…) 7. Greenhouses w�th a round roof rece�ve the sun's rays better than other greenhouses 
        w�th a roof.
(…) 8. The shad�ng of the greenhouse frame should be low.
(…) 9. There �s no need for cont�nuous control of the system �n so�lless agr�culture.
(…) 10. Underground heat�ng can be done �n greenhouses w�th geothermal resources.

· T�ck the correct one �n the mult�ple cho�ce quest�ons below.

1. Wh�ch of the follow�ng �nformat�on �s �ncorrect?
A. The greenhouses to be establ�shed should be close to the roads.
B. Greenhouses should be des�gned cons�der�ng env�ronmental cond�t�ons and cl�mate �nformat�on.
C. The greenhouse l�ght requ�rement �s prov�ded by fluorescents.
D. Natural events such as w�nd, snow load and ra�n affect the greenhouse des�gn.

2. Wh�ch of the follow�ng �s false �nformat�on about greenhouse cult�vat�on?
A. Greenhouse �nvestment �s h�gh �n the temperate cl�mate zone.
B. H�gh y�elds can be obta�ned even �n small agr�cultural areas w�th greenhouses.
C. Prov�des more than one product�on opportun�ty dur�ng the year.
D. Plast�c greenhouses are preferred more �n Turkey.

3. Wh�ch of the follow�ng �s an ecolog�cal factor �n choos�ng a greenhouse locat�on?
A.  Temperature
B.  L�ght
C.  So�l and topography
D.  All

4. Wh�ch of the follow�ng �nformat�on �s �ncorrect?
A. A su�table env�ronment should be prepared for the plant to be grown �n greenhouse cult�vat�on.
B. Greenhouse heat�ng systems are needed �n cool cl�mates.
C. Technolog�cal developments do not matter �n greenhouse �nstallat�on.
D. Greenhous�ng becomes a sector and offers job opportun�t�es to adults.

5. Wh�ch of the follow�ng are the uses of greenhouses?
A. Do research
B. To earn econom�c �ncome
C. For hobby purposes
D. All

GENERAL MEASUREMENT AND EVALUATION
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6. Wh�ch of the follow�ng �s �ncorrect?
A. If the cover�ng mater�al �s glass, the most su�table frame mater�al �s wood.
B. Greenhouses are large, med�um and small accord�ng to the�r s�ze.
C. Ind�v�dual greenhouses are greenhouses w�th a s�ngle roof.
D. Greenhouses for research purposes can be establ�shed �n un�vers�t�es.

       I. It should be cheap
       II. May be affected by cl�mat�c cond�t�ons
       III. It should save energy
7. Wh�ch of the above �nformat�on �s correct?
A. only I.       B. I. ve III.            C. only III.                 D) II. ve III.

8. Wh�ch of the follow�ng �s true?
A. Only one door should be bu�lt �n greenhouses to prevent heat loss.
B. Cover mater�al should be preferred �n such a way that �t �s not affected by env�ronmental 
     cond�t�ons.
C. Vent�lat�on open�ngs on the s�de walls prov�de effect�ve vent�lat�on.
D. In block greenhouse structures, gutters are used to reduce the effect of the w�nd.

9. Wh�ch of the follow�ng opt�ons �s false �nformat�on about so�lless agr�culture?
A. Plant nutr�t�onal needs are prov�ded w�th nutr�ent solut�ons.
B. Water costs are lower compared to �rr�gated so�l agr�culture.
C. It also prov�des agr�cultural opportun�t�es �n areas unsu�table for agr�culture.
D. None

10. Wh�ch of the follow�ng opt�ons �s not an advantage of geothermal resources �n greenhouse 
     heat�ng?
A. It �s an alternat�ve source for greenhouse heat�ng �n cold weather.
B. It �s env�ronmentally fr�endly compared to other heat�ng fuels.
C. Bus�ness establ�shment cost �s low.
D. It prov�des a rel�able, traceable, h�gh brand value product�on opportun�ty.



34

ANSWER KEY

Below �s the answer key for the quest�ons w�th correct/�ncorrect opt�ons.

Below �s the answer key for the mult�ple cho�ce quest�ons.
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