
                                                                                  The Development of Agriculture 

                                   In                       in Pakistan: 

                                 Greenhouse Irrigation System & SDGs                                      

 

 

 

 

 

 

 

 

 

 

  

 

 

 

                                                                                                                                 

 

 

 

 

 

The Faisalabad Chamber of Commerce                   

and Industry 



 

Faisalabad Chamber of Commerce & Industries  2 

 

 

  

 

 

             

 

            

 

            

  

Name:    Mr. Imran Mehmood 

Designation:  SENIOR VICE  PRESIDENT, FCCI 

Name:    Atif Munir Shiekh 

Designation:  PRESIDENT,  FCCI 

Name:              Mr. Fayyaz Ahmad 

Designation:    VICE  PRESIDENT,  FCCI 



 

Faisalabad Chamber of Commerce & Industries  3 

    Mr. Atif Munir Shiekh        

President, FCCI       

 

 

Message:  

  The Faisalabad Chamber of Commerce and industry is   an apolitical, independent, 
membership based, volunteer driven, not-for-profit organization with a clear mandate to lead and serve the 

business community of this land of opportunities. 

Being president of the third largest chamber of Pakistan, it is my first and foremost obligation to work with a 

missionary zeal, dedication and commitment to the FCCI members in particular and to the business 

community in general to serve them above myself. 

I shall try my optimum best to offer perceptive and momentous policy contributions with dynamic initiatives 

that would have positive influence on the social and economic landscape of Faisalabad. 

1. My Mission is: 
To become voice of the business community with a strong pledge to enhance the economic prosperity and 
quality of life in Faisalabad , I shall also try to act as an advocate for local business community and facilitate 

them by providing opportunities to promote their businesses locally and internationally. 

2. My Goals are: 

 To create and foster cordial working relationship among businesses and between businesses and the 

community at large. 

 To participate actively and rather proactively in the development of public policy; as it affects 

economic growth and development for the country. 

 To effectively express the views of the business community at appropriate levels and forums of the 

government particularly on matters of relevance to Faisalabad and this area. 

 To promote private enterprises, business excellence, and encourage individual as well as collective 

achievements. 

 To provide the resources deemed necessary to ensure proper levels of members services in addition to 

strengthening the member’s involvement in the community through this chamber. 

 To reinforce the Organization through increasing its membership and resource base Strategic Plans. 

 The Strategic Plan enshrine my commitment to provide an excellent standard of service and programs 

designed to continuously meet the needs of our members. 
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Message From the  

Patron-in-Chief CPEC 

(EX- VP FCCI) 
 

 

The China-Pakistan Economic Corridor (CPEC), with an investment portfolio of over $62 

billion, is a landmark project in the economic history of Pakistan that has been widely tipped to be a Game 

Changer, not only for Pakistan, but for the whole of South Asia. However, it can only become one if all 

sectors of our economy work hard to capitalize on the opportunities provided by it. 

Since becoming the patron in chief of CPEC committee, me and my team have carried out 

extensive research on CPEC to analyze the potential opportunities and challenges it poses for our economy. 

Our research team associated with the CPEC cell has carried out an in-depth analysis of the CPEC project 

under the guidance of our CPEC Standing Committee. It has collaborated with various government 

departments at the federal and provincial level for the purpose of information sharing. 

Relating to the above mentioned, Agriculture is a major subject which acts as a backbone of the 

Pakistan Economy. As per the last Fiscal year figures, the agriculture contribution in GDP was 18.9%, while 

42.3% of the workforce in Pakistan worked in the agriculture sector. Nowadays, Pakistan’s agriculture sector 

faces some serious challenges like climate change, pest attacks, shortage of water and more. All these aspects 

kept the agriculture sector’s production far less than its true potential.  

Since CPEC has successfully entered the 2nd phase, now is the time where we can evolve and 

transform the agriculture sector. This could be a great opportunity to the Pakistani farmers to get in touch 

with the right training and necessary knowledge from China’s agriculture sector regarding technological 

advancement and upgradation, also can learn from china’s agriculture system regarding certified seed, 

technology advancement, irrigation methods moreover grasp the method of higher yield (Cultural Practices).  

Furthermore, student exchange program is one of the best way to understand the Chinese 

agriculture techniques. Currently 28,000 Pakistani students are studying in china in various disciplines. China 

will provide scholarships to the Pakistani students for studying agriculture in China. It’s also a   great 

opportunity for the future agriculture researchers to gain firsthand knowledge of Chinese experience of 

ensuring food security. 

 

 

Engr. Ahmad Hassan                                                 

Chairman, Standing Committees 

on R&D & CPEC 
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Introduction 

A greenhouse is a system for environmental modification and management that allows plants to be 

grown in climates and seasons that would not otherwise be well suited for their growth. 

Greenhouses can be used to grow many different kinds of plants with a wide range of 

environmental requirements from tender rainforest plants to desert succulent and just about 

everything in between. 

The purpose of this course is to familiarize you with the various systems, and the day to day 

management, of the greenhouse environment. And, to help you maintain more or less optimal 

conditions for growth of whatever type of plant or plants you choose to grow in your greenhouse. 

Our goal is to present the information in such a way that it is useful to anyone wishing to acquire 

greenhouse management skills whether you are a student, an entry level professional, or an 

amateur gardener. 

The focus is on helping you understand the basic environmental factors, and systems involved in 

greenhouse management and the skills necessary to manage the greenhouse environment. There are 

many resources available on the principles of greenhouse design and the various kinds of 

greenhouse structures available to you, this is not a course on greenhouse design and/or 

construction, and assumes that you will be applying your greenhouse management skill in a 

relatively well designed and equipped greenhouse whether it be a commercial greenhouse range, a 

research/teaching facility or a home greenhouse. 

The environmental factors that must be understood and managed for the production of quality plant 

material in the greenhouse include both the above and below ground physical environment as well 

as the biotic environment. The physical environment includes light, water, temperature, inorganic 

nutrients necessary for plant growth. The biotic environment includes the plants themselves as well 

as the insects, microorganism and other creatures that are competing for the same resources. 

Please begin your study of basic greenhouse management by reading the following sections on 

Learning Objectives and Concepts and Definitions. 

Remember to familiarize yourself with the course by reading the documents in the Course 

Information section of the Course Info site. For further information on how to access the web-



 

Faisalabad Chamber of Commerce & Industries  10 

based information presented in this Distance Learning module, refer to the section on Setting Up 

Course Utilities. 

  

GREENHOUSE CULTIVATION 

1. Designs and classification of greenhouse  

2. Orientation Of Greenhouse / Polyhouse 

3. Components of greenhouse  

4. Plant growing structures/containers in green house production  

5. Environmental factors influencing greenhouse cultivation  

6. Media preparation and fumigation  

7. Drip irrigation and fertigation systems greenhouse cultivation 

8. Cost estimation for green/polyhouse construction  

9. Problem management in greenhouse cultivation 

10. Special horticultural practices in greenhouse production  

11. Physiological disorders of greenhouse grown cut flowers 

12. Post-harvest handling practices for cut flowers. 

 

1. Designs and classification of greenhouse 

Greenhouses are frames of inflated structure covered with a transparent material in which crops are 

grown under controlled environment conditions. Greenhouse cultivation as well as other modes of 

controlled environment cultivation have been evolved to create favorable micro-climates, which 

favors the crop production could be possible all through the year or part of the year as required. 

Greenhouses and other technologies for controlled environment plant production are associated 

with the off-season production of ornamentals and foods of high value in cold climate areas where 

outdoor production is not possible. The primary environmental parameter traditionally controlled is 

temperature, usually providing heat to overcome extreme cold conditions. However, environmental 

control can also include cooling to mitigate excessive temperatures, light control either shading or 

adding supplemental light, carbon dioxide levels, relative humidity, water, plant nutrients and pest 

control. 

  

http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#classification
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#orientation
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#components
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#structures
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#factors
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#media
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#drip
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#cost
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#problem
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#practices
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#disorders
http://agritech.tnau.ac.in/horticulture/horti_Greenhouse%20cultivation.html#postharvest
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Classification of greenhouse based on suitability and cost 

a) Low cost or low tech greenhouse 

Low cost greenhouse is a simple structure constructed with locally available materials such as 

bamboo, timber etc. The ultra violet (UV) film is used as cladding materials. Unlike conventional 

or hi-tech greenhouses, no specific control device for regulating environmental parameters inside 

the greenhouse are provided. Simple techniques are, however, adopted for increasing or decreasing 

the temperature and humidity. Even light intensity can be reduced by incorporating shading 

materials like nets. The temperature can be reduced during summer by opening the side walls. Such 

structure is used as rain shelter for crop cultivation. Otherwise, inside temperature is increased 

when all sidewalls are covered with plastic film. This type of greenhouse is mainly suitable for 

cold climatic zone. 

 Carnation under low cost greenhouse 

b)  Medium-tech greenhouse 

Greenhouse users prefers to have manually or semiautomatic control arrangement owing to 

minimum investment. This type of greenhouse is constructed using galvanized iron (G.I) pipes. 

The canopy cover is attached with structure with the help of screws. Whole structure is firmly fixed 

with the ground to withstand the disturbance against wind. Exhaust fans with thermostat are 

provided to control the temperature. Evaporative cooling pads and misting arrangements are also 

made to maintain a favorable humidity inside the greenhouse. As these system are semi-automatic, 

hence, require a lot of attention and care, and it is very difficult and cumbersome to maintain 

uniform environment throughout the cropping period. These greenhouses are suitable for dry and 

composite climatic zones. 
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c)  Hi-tech greenhouse 

To overcome some of the difficulties in medium-tech greenhouse, a hi-tech greenhouse where the 

entire device, controlling the environment parameters, are supported to function 

automatically.              

Other classifications 

The greenhouse can also be classified based on type of structures, type of glazing, number of 

spans, environmental control etc. The various types are as follows. 

Classification as per type of structure 

a. Quonset type 

b. Curved roof type 

c. Gable roof type 

Classification as per glazing 

a. Glass glazing 

b. Fiberglass reinforced plastic glazing 

i. Plain sheet 

ii. Corrugated sheet 

c. Plastic film 

i. Ultra violet stabilized low density poly ethylene 

ii. Syllabling 

Classification based on number of spans 

a. Free standing or single span 

b. Multiplan or ridge and furrow or gutter connected. 

Classification based on environmental control 

a. Naturally ventilated 

b. Passive ventilation 

Poly house 

The crops grown in open field are exposed to vivid environmental conditions, attack of insects and 

pests, whereas the polyhouse provides a more stable environment. Polyhouse can be divided in to 

following two types:- 
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a) Naturally ventilated polyhouse 

These polyhouse do not have any environmental control system except for the provision of 

adequate ventilation and foggier system to prevent basically the damage from weather aberrations 

and other natural agents. 

3. b) Environmental controlled polyhouse 

This type of polyhouse helps to extend the growing season or permits off-season production by 

way of controlling light, temperature, humidity, carbon-dioxide level and nature of root medium. 

Carnation under high-tech greenhouse 

 

Shade house 

 

Shade houses are used for the production of plants in warm climates or during summer months. 

Nurserymen use these structures for the growth of hydrangeas and azaleas during the summer 

months. Apart from nursery, flowers and foliage’s which require shade can also be grown in shade 

houses. E.g. Orchids, These shade structures make excellent holding areas for field-grown stock 

while it is being prepared for shipping to retail outlets. Shade houses are most often constructed as 

a pole-supported structure and covered with either lath (lath houses) or polypropylene shade fabric. 

Polypropylene shade nets with various percentages of ventilations are used. Black, green, and 

white colored nets are used, while black colors are the most preferred as it retains heat outside. 

2. Orientation of greenhouse / polyhouse 

The design of greenhouse should be based upon sound scientific principles which facilitates 

controlled environment for the plant growth. Controlled environment plant production systems are 
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used widely throughout the world to produce plant materials and products at a time or place, or of a 

quality that cannot be obtained outdoors. Controlled environment agriculture requires far more 

capital investment per unit area than field agriculture and thus must essentially be correspondingly 

more intensive to justify investment costs. The greenhouse is a structure covered with a transparent 

material for admitting natural light for plant growth. The main components of greenhouse like 

structure, covering/glazing and temperature control systems need proper design for healthy growth 

of plants.  

Under Indian conditions, Quonset type, multipin greenhouse is most suitable, because of its low 

cost and ease of fabrication. Ultra violet resistant low density polyethylene (UVLDPE) single film 

cladding of 200 micron thickness is sufficient for Naturally Ventilated ( NV) greenhouse and fan 

and pad (FP) greenhouses. This should be fully tightened by stretching on the structure to avoid 

flutter and tearing. It should not be nailed or screwed to the structure as it gives the chance for 

tearing. The T-Lock of Lock should be used for fastening the sheet at structure, as this does not 

tear the sheet and sheet replacement is easy. 

Design  

The structure has to carry the following loads and is to be designed accordingly. 

a) Dead load:  

weight of all permanent construction, cladding, heating and cooling equipment, water pipes and all 

fixed service equipment’s to the frame. 

b) Live load: 

 weights superimposed by use (include hanging baskets, shelves and persons working on roof). The 

greenhouse has to be designed for a maximum of 15 kg per square meter live load. Each member 

of roof should be capable of supporting 45 kg of concentrated load when applied at its centre. 

c) Wind load:  

The structure should be able to withstand winds of 110 kilometre per hour and at least 50 kg per 

square meter of wind pressure. 
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d) Snow load:  

These are to be taken as per the average snowfall of the location. The greenhouse should be able to 

take dead load plus live load or dead load plus wind load plus half the live load. 

The greenhouses are to be fabricated out of Galvanized Iron Pipes. The foundation can be 

60cmx60cmx60cm or 30 cm diameter and one meter depth in PCC of 1:4:8 ratio. The vertical 

poles should also be covered to the height of 60 cm by PCC with a thickness of 5cm. This avoids 

the rusting of the poles. 

Orientation 

Orientation of the greenhouse is a compromise for wind direction, latitude of location and type of 

temperature control. Single greenhouses with latitude above 40°N should have ridge running east 

to west to allow low angle light to enter from side rather than ends. Below 40°N the ridge of single 

greenhouses should be oriented from north to south, since the angle of sun is much higher. This 

orientation permits the movement of shadow of the gutter across the green house. The location and 

orientation of the greenhouse should avoid falling of shadow on the adjacent greenhouses. To 

avoid the shading effect from one green house to another greenhouse these should be oriented East 

to West. However, the wind direction and latitude are also to be considered. 

Wind effects 

If the greenhouse is naturally ventilated, the advantage of natural wind direction has to be taken to 

the maximum possible. The maximum dimension (length) of greenhouse should be perpendicular 

to the wind direction especially in summer. For fan and pad greenhouse the natural wind direction 

should be same as the air blown by fan. 

 

Size of the greenhouse 

The dimension of NAV GH should not be more than 50m x 50m. Bigger the greenhouse, more will 

be the temperature build up due to poor ventilation. The length of evaporatively cooled greenhouse 

should not be more than 60m. 

 

Spacing between greenhouses 

The spacing between naturally ventilated green house should be 10 to 15 m so that the exhaust 

from one greenhouse should not enter the adjacent greenhouse. 
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Height of greenhouse 

The maximum height can be up to 5m for 50m x 50m green house and this can be reduced as per 

the reduced size of the green house. Higher is the greenhouse more is the wind load for structure 

and glazing. The side ventilation can be of 2 m width and roof ventilation is 1m in width. 

Structural design 

The greenhouses are to be designed for necessary safety, serviceability, general structural integrity 

and suitability. The structure should be able to take all the necessary dead, live, wind and snow 

loads. The foundation, columns and trusses are to be designed accordingly. The greenhouse 

structures are to be designed to take up the loads as per design loads prescribed by the National 

Greenhouse Manufactures Association (NGMA of USA) standards –1994. 
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Covering Polyhouse with cladding material stage - I 

 

Covering Polyhouse with cladding material stage – II 

 

Covering Polyhouse with cladding material stage – III  
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Covering Polyhouse with cladding material stage – IV 

 

Covering Polyhouse with cladding material stage – V 
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Covering Polyhouse with cladding material stage – VI 

 

Greenhouse ready for taking up cultivation 

Cladding material 

Polythene proves to be an economical cladding material. Now long lasting, unbreakable and light 

roofing panels-UV stabilized clear fiber glass and polycarbonate panels are available. Plastics are 

used in tropical and sub-tropical areas compared to glass/fiberglass owing to their economical 

feasibility. Plastics create enclosed ecosystems for plant growth. LDPE (low density polyethylene) 

/ LLDPE (linear low density polyethylene) will last for 3-4 years compared to polythene without 

UV stabilizers. 

4. Comparison of different kinds of covering materials 

 

Sl. 

No. 

Type Durability 

Transmission 

Maintenance Light Heat 

1. Poly ethylene One year 90% 70% Very high 

2. Poly ethylene UV resistant Two years 90% 70% High 

3. Fibber Glass Seven years 90% 5% Low 

4. Tedlar coated Fibber Glass Fifteen 

years 

90% 5% Low 

5. Double strength Glass Fifty years 90% 5% Low 

6. Poly carbonate Fifty years 90% 5% Very low 
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  4. Plant growing structures / containers in greenhouse production 

The duration of crop in greenhouse is the key to make the greenhouse technology profitable or the 

duration of production in greenhouses should be short. In this context, use of containers in 

greenhouse production assumes greater significance. The containers are used for the following 

activities in greenhouse production. 

•  Raising of seedlings in the nursery 

•  Growing plants in greenhouses for hybrid seed production of flowers  

•  Growing plants for cut flower production. 

•  Growing potted ornamental plants. 

Advantages of containers in greenhouse production 

            •   Increase in production capacity by reducing crop time. 

            •   High quality of the greenhouse product 

            •   Uniformity in plant growth with good vigour. 

            •   Provide quick take off with little or no transplanting shock. 

            •   Easy maintenance of sanitation in greenhouse 

            •   Easy to handle, grade and shift or for transportation. 

            •   Better water drainage and aeration in pot media. 

            •   Easy to monitor chemical characteristics and plant nutrition with advanced 

                 irrigation systems like drips. 
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5. Environmental factors influencing greenhouse cultivation 

Plants need an optimum temperature for maximum yield and quality. The greenhouses in plain and 

coastal region of India needs cooling. The greenhouses in mild climates and coastal region can be 

naturally ventilated. The greenhouses for hot summer climates of northern plains have to 

evaporative cooled or with fan and pad (FP). The greenhouses for northern plains may require both 

cooling and heating depending on the crop. 

 

Natural ventilation 

The greenhouse has to be thoroughly ventilated for control of temperature. It should be noticed that 

the temperature built up in the greenhouse is not exceeding 2°C throughout the year. Further during 

hot months the temperature in the greenhouse was same as the ambient temperature. 

 

Unconventional method of heating and cooling 

a) Hot and cold water can be sprinkled on the greenhouse covered externally with the shade net. 

b) Use of earth tunnel for cooling in summer and heating in winter  

c) Construction of greenhouse in a trench for heating in winter cooling in summer 

d) Circulating the bore well water in pipes laid on the floor of the greenhouse 

 

Heating of greenhouse 

The heating of greenhouses in cold climates like winter in North India or 

Himalayan Region at high altitudes is advisable for getting better produce. Double 

covering of glazing with an air cushion of 2 cm to 10 cm reduces the heating load 

considerably. 

Heating systems 

These can be of the following types 

     a. Boiler 

     1. With hot water tube 

     2. With steam pipes 

     b. Unit heaters 

     c. Infrared heaters 

     d. Solar heaters 
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Boiler 

This system is used for very big greenhouses and is a centralized system of heating. The boiler of 

necessary capacity is provided in the greenhouse. The fuel for boiler can be coal or fuel oil. The 

heating of the greenhouse is generally done through hot water at 85°C or steam at 102°C. Water or 

steam pipes are installed above the beds of crop and along the side wall. The steam system is 

cheaper than hot water system. To reduce the length of pipe to be used a number of hot water or 

steam pipe coils can be used and green house air circulated over them by blower for heating. 

Unit heaters 

These are localized system of heating and a number of unit heaters are to be provided in the 

greenhouse at a height of about 3 meter to distribute heat evenly in the greenhouse. In a unit heater 

the fuel is combusted in the chamber at bottom. Hot fumes rise inside the heat exchanger tubes, 

giving heat to the walls of the tubes. Smoke exists at the top. A fan forces cool air of the 

greenhouse over the outside of heat exchange tubes, where it picks up heat. 

 

Infra-red heaters 

The fuel gas (LPG) is burnt and the fumes at a temperature of about 480°C are passed in 10 cm 

diameter pipes kept overhead at a height of 1.5m above plants. Reflectors are provided over the full 

length of pipe to radiate the infra-red rays over the plants. The plants and soil only get heated 

without much heating of air. The infra-red heating pipes can be provided at 6 to 10 meters interval 

all along the length of greenhouse. The temperature of fume gases at exist is about 65°C and 

exhaust fan is provided for maintaining the flow of fumes. 

 

Solar heating 

Flat plate solar heaters are used to heat the water during day time. The hot water is stored in the 

insulated tanks. The hot water is circulated in pipes provided along the length of the greenhouse 

during night. Supplementary or emergency heating systems are provided for heating the 

greenhouse during cloudy or rainy days. 

 

Temperature control 

The thermostat can be coupled to water circulating pump or exhaust fan for controlling the 

temperature inside the greenhouse. However, the lowest achievable temperature in fan and pad 

greenhouse is not below the wet bulb temperature in any case. 
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Relative humidity control 

The humidistat coupled to water circulating pump or exhaust fan to control the relative humidity 

inside the fan and pad greenhouse. The maximum achievable relative humidity is 90% only in fan 

regulated (FR) greenhouse. The RH in Non-ventilated (NV) GH can be increased by providing 

forgers. 

 

Light intensity control 

In certain areas where natural illumination is absent or very low, illumination for plants may be 

provided by artificial sources. Incandescent bulbs generate excessive heat and are unsatisfactory in 

most instances. Fluorescent tubes are useful as the sole source of light for African violets, gloxinias 

and many foliage plants which grow satisfactorily at low light intensities. Excessive light intensity 

destroys chlorophyll even though the synthesis of this green pigment in many plants is dependent 

upon light. Chrysanthemum is a classic example for a short-day plant., however, flower buds will 

not form unless the night temperature is high enough. Chrysanthemum is flowered on a year-round 

basis as a cut flower or potted plant simply by controlling the length of day and temperature. 

 

Quality of light 

Quality of light refers to its wave-length composition. Light in the orange-red portion of the visible 

spectrum from either sunlight or artificial illumination is most effective in causing the long-day 

response in plants. Far-red radiation appears to have the opposite effect. It is probable that the 

wave lengths activate some hormonal mechanism within the plant which brings about the specific 

effect of light on growth or flowering. 

 

Fan and pad 

Selection of fan 

The fans should deliver the required air at 15mm static pressure. The maximum center to center 

spacing between the two fans should be of 7.5m. The height of the fans is to be determined based 

on the plant height which is proposed to be grown in the greenhouse. The fan blades and frame are 

to be made of non-corrosive materials like aluminum/stainless steel. 

 

Design  

The cross fluted cellulose pad is preferred. These are available mostly in 100mm thickness. One 

meter of pad height is given for every 20m of pad to fan distance. However, the fan to pad distance 

should not exceed 60m. The air flow rate should be of 75 cubic meter/minute/sq.m of pad. The 
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water flow rate should be of 9 litres per minute/linear meter pad. The uniform distribution of water 

on pad is to be maintained. 

Maintenance of pad 

The algae will grow and salts will deposit on pads if these are not maintained properly.  

Good control of algae can be obtained without using chemicals by the following methods. 

1. By shading the pads and sumps 

2. By drying the pads daily 

3. By avoiding nutrient contamination 

4. By draining and disinfecting the sump regularly 

5. By replenishing 20% of circulating water each time to avoid scaling of minerals. 

Maintenance of fan 

1. The lubrication of bearings should be done regularly 

2. The v belt should be tightened as per requirement 

3. The levers should be properly lubricated. 

6. Media preparation and fumigation 

Soil mixes used for greenhouse production of potted plants and cut flowers are highly modified 

mixtures of soil, organic and inorganic materials. When top soil is included as a portion of the 

mixture, it is generally combined with other materials to improve the water holding capacity and 

aeration of the potting soil. Many greenhouses do not use topsoil as an additive to the soil mixes, 

but rather use a combination of these organic and inorganic components as an artificial soil mix. 

When managed properly as to watering and fertilization practices, these artificial mixes grow crops 

that are equal to those grown in top soil. 

Media preparation for greenhouse production 

The media used in greenhouse generally have physical and chemical properties which are distinct 

from field soils. 

 A desirable medium should be a good balance between physical properties like water holding 

capacity and porosity. 

 The medium should be well drained. 

 Medium which is too compact creates problems of drainage and aeration which will lead to 

poor root growth and may harbour disease causing organisms. 
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 Highly porous medium will have low water and nutrient holding capacity, affects the plant 

growth and development. 

 The media reaction (pH of 5.0 to 7.0 and the soluble salt (EC) level of 0.4 to 1.4 dS/m is 

optimum for most of the greenhouse crops). 

 A low media pH (<5.0) leads to toxicity of micronutrients such as iron, zinc, manganese and 

copper and deficiency of major and secondary nutrients while a high pH (>7.5) causes deficiency 

of micronutrients including boron. 

 A low pH of the growth media can be raised to a desired level by using amendments like lime 

(calcium carbonate) and dolomite (Ca-Mg carbonate) and basic, fertilizers like calcium nitrate, 

calcium cyanamide, sodium nitrate and potassium nitrate. 

 A high pH of the media can be reduced by amendments like sulphur, gypsum and Epsom 

salts, acidic fertilizers like urea, ammonium sulphate, ammonium nitrate, mono ammonium 

phosphate and aqua ammonia and acids like phosphoric and sulphuric acids. 

 It is essential to maintain a temperature of the plug mix between 70 to 75ºF. Irrigation 

through mist is a must in plug growing. Misting for 12 seconds every 12 minutes on cloudy days 

and 12 seconds every 6 minutes on sunny days is desirable. 

 The pH of water and mix should be monitored regularly. 

Gravel culture 

Gravel culture is a general term which applies to the growing of plants without soil in an inert 

medium into which nutrient solutions are usually pumped automatically at regular intervals. 

Haydite (shale and clay fused at high temperatures), soft- or hard-coal cinders, limestone chips, 

calcareous gravel, silica gravel, crushed granite and other inert and slowly decomposing materials 

are included in the term “gravel”. The more important greenhouse flowering crops include roses, 

carnations, chrysanthemums, gardenias, snapdragons, lilies, asters, pansies, annual 

chrysanthemums, dahlias, bachelor buttons and others. 

Desirable nutrient level in greenhouse growth media 

 

S. No. Category 
Concentration (mg/l) 

NO3 N P K 

1. Transplants 75 125 10-15 250-300 

2. Young pot & foliage plants 50 90 6-10 150-200 

3. Plants in beds 125 225 10-15 200-300 
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Media ingredients and Mix 

Commercially available materials like peat, sphagnum moss, vermiculite, perlite and locally 

available materials like sand, red soil, common manure/ compost and rice husk can be used in 

different proportions to grow greenhouse crops. These ingredients should be of high quality to 

prepare a good mix. They should be free from undesirable toxic elements like nickel, chromium, 

cadmium, lead etc. 

Temperature necessary to kill soil pests 

 115°F for water molds (Pythium and Phytophthora) 

 120°F for nematodes 

 135°F for worms, slugs and centipedes 

 140°F for most plant pathogenic bacteria 

 160°F for soil insects 

 180°F for most of weed seeds 

 200°F for few resistant weed seeds and plant viruses 

Fumigation in greenhouse 

Physical propagation facilities such as the propagation room, containers, flats, knives, working 

surface, benches etc. can be disinfected using one part of formalin in fifty parts of water or one part 

sodium hypochlorite in nine parts of water. An insecticide such as dichlorvos sprayed regularly 

will take care of the insects present if any. Care should be taken to disinfect the seed or the planting 

materials before they are moved into the greenhouse with a recommended seed treatment chemical 

for seeds and a fungicide –insecticide combination for cuttings and plugs respectively. Disinfectant 

solution such as trisodium phosphate or potassium permanganate placed at the entry of the 

greenhouse would help to get rid off the pathogens from the personnel entering the greenhouses. 

7. Drip irrigation and fertigation systems in greenhouse cultivation 

The plant is required to take up very large amounts of water and nutrients, with a relatively small 

root system, and manufacture photosynthates for a large amount of flower per unit area with a 

foliar system relatively small in relation to required production. 

Watering system 

Micro irrigation system is the best for watering plants in a greenhouse. Micro sprinklers or drip 

irrigation equipment’s can be used. Basically the watering system should ensure that water does 
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not fall on the leaves or flowers as it leads to disease and scorching problems. In micro sprinkler 

system, water under high pressure is forced through nozzles arranged on a supporting stand at 

about 1 feet height. This facilitates watering at the base level of the plants. 

Equipment’s required for drip irrigation system include 

i) A pump unit to generate 2.8kg/cm2 pressure 

ii) Water filtration system – sand/silica/screen filters 

iii) PVC tubing with dripper or emitters 

Drippers of different types are available 

i)  Labyrinth drippers 

ii) Turbo drippers 

iii) Pressure compensating drippers – contain silicon membrane which assures uniform flow rate 

for years 

iv)  Button drippers- easy and simple to clean. These are good for pots, orchards and are available 

with side outlet/top outlet or micro tube out let 

v) Pot drippers – cones with long tube 

Water output in drippers 

 a. 16mm dripper at 2.8kg/cm2 pressure gives 2.65 litres/hour ( LPH). 

 b. 15mm dripper at 1 kg/cm2 pressure gives 1 to 4 litres per hour 

Filters: Depending upon the type of water, different kinds of filters can be used. 

Gravel filter: Used for filtration of water obtained for open canals and reservoirs that are 

contaminated by organic impurities, algae etc. The filtering is done by beds of basalt or quartz. 

Hydro cyclone: Used to filter well or river water that carries sand particles. 

Disc filters : Used to remove fine particles suspended in water 

Screen filters: Stainless steel screen of 120 mesh ( 0.13mm) size. This is used for second stage 

filtration of irrigation water. 

Fertigation system 

In fertigation system an automatic mixing and dispensing unit is installed which consists of three 
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systems pump and a supplying device. The fertilizers are dissolved separately in tanks and are 

mixed in a given ratio and supplied to the plants through drippers. 

Fertilizers 

Fertilizer dosage has to be dependent on growing media. Soilless mixes have lower nutrient 

holding capacity and therefore require more frequent fertilizer application. Essential elements are 

at their maximum availability in the pH range of 5.5 to 6.5. In general Micro elements are more 

readily available at lower pH ranges, while macro elements are more readily available at pH 6 and 

higher. 

Forms of inorganic fertilizers 

Dry fertilizers, slow release fertilizer and liquid fertilizer are commonly used in green houses. 

Slow release fertilizer 

They release the nutrient into the medium over a period of several months. These fertilizer granules 

are coated with porous plastic. When the granules become moistened the fertilizer inside is 

released slowly into the root medium. An important thing to be kept in mind regarding these 

fertilizers is that, they should never be added to the soil media before steaming or heating of media. 

Heating melts the plastic coating and releases all the fertilizer into the root medium at once. The 

high acidity would burn the root zone. 

Liquid fertilizer 

These are 100 per cent water soluble. These comes in powdered form. This can be either single 

nutrient or complete fertilizer. They have to be dissolved in warm water. 

Fertilizer Application Methods 

1. Constant feed 

Low concentration at every irrigation are much better. This provides continuous supply of nutrient 

to plant growth and results in steady growth of the plant. Fertilization with each watering is 

referred as fertigation. 

2. Intermittent application 

Liquid fertilizer is applied in regular intervals of weekly, biweekly or even monthly. The problem 

with this is wide variability in the availability of fertilizer in the root zone. At the time of 

application, high concentration of fertilizer will be available in the root zone and the plant 
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immediately starts absorbing it. By the time next application is made there will be low or 

nonexistent. This fluctuation results in uneven plant growth rates, even stress and poor quality 

crop. 

Fertilizer injectors 

 This device inject small amount of concentrated liquid fertilizer directly into the water lines so that 

greenhouse crops are fertilized with every watering. 

Multiple injectors 

 Multiple injectors are necessary when incompatible fertilizers are to be used for fertigation. 

Incompatible fertilizers when mixed together as concentrates form solid precipitates. This would 

change nutrient content of the stock solution and also would clog the siphon tube and injector. 

Multiple injectors would avoid this problem. These injectors can be of computer controlled H.E. 

ANDERSON is one of the popular multiple injector. 

Fertilizer Injectors 

Fertilizer injectors are of two basic types: Those that inject concentrated fertilizer into water lines 

on the basis of the venturi principle and those that inject using positive displacement 

A. Venturi Principle Injectors 

1.Basically these injectors work by means of a pressure difference between the    irrigation line and 

the fertilizer stock tank. 

a) The most common example of this is the HOZON proportioner. 

b) Low pressure, or a suction, is created at the faucet connection of the Hozon at the suction tube 

opening. This draws up the fertilizer from the stock tank and is blended in to the irrigation water 

flowing through the Hozon faucet connection. 

c) The average ratio of Hozon proportioners is 1:16. However, Hozon proportioners are not very 

precise as the ratio can vary widely depending on the water pressure. 

d) These injectors are inexpensive and are suitable for small areas. Large amounts of fertilizer 

application would require huge stock tanks due to its narrow ratio. 

B. Positive displacement injectors. 

1. These injectors are more expensive than Hozon types, but are very accurate in proportioning 

fertilizer into irrigation lines regardless of water pressure. 

2. These injectors also have a much broader ratio with 1:100 and 1:200 ratio being the most 

common. Thus, stock tanks for large applications areas are of manageable size and these injectors 
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have much larger flow rates. 

3. Injection by these proportioners is controlled either by a water pump or an electrical pump. 

4. Anderson injectors are very popular in the greenhouse industry with single and multiple head 

models. 

            a. Ratios vary from 1:100 to 1:1000 by means of a dial on the pump head for feeding 

flexibility. 

            b. Multihead installations permit feeding several fertilizers simultaneously  without mixing. 

This is especially significant for fertilizers that are incompatible (forming precipitates, etc.) when 

mixed together in        concentrated    form. 

5. Dosatron feature variable ratios (1:50 to 1:500) and a plain water bypass. 

6. Plus injectors also feature variable ratios (1:50 to 1:1000) and operates on water pressure as low 

as 7 GPM. 

7. Gewa injectors actually inject fertilizer into the irrigation lines by pressure. 

            a. The fertilizer is contained in a rubber bag inside the metal tank.      

                Water pressure forces the fertilizer out of the bag into the water supply. 

            b. Care must be taken when filling the bags as they can tear. 

            c. Ratios are variable from 1:15 to 1:300. 

8. If your injector is installed directly in a water line, be sure to install a bypass 

    around the injector so irrigations of plain water can be accomplished. 

General problems of fertigation 

Nitrogen tends to accumulate at the peripherous of wetted soil volume. Hence, only roots at the 

periphery of the wetted zone alone will have enough access to Nitrogen. Nitrogen is lost by 

leaching and denitrification. Since downward movement results in permanent loss of NO3 –N, 

increased discharge rate results in lateral movement of N and reduces loss by leaching. 

Phosphorous 

It accumulates near emitter and P fixing capacity decides its efficiency. Low pH near the emitter 

results in high fixation. 

Potassium 

It moves both laterally and downward and does not accumulate near emitter. Its distribution is 

more uniform than N&P. 
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Micronutrients 

Excepting boron, all micronutrients accumulates near the emitter if supplied by fertigation. Boron 

is lost by leaching in a sandy soil low in organic matter. But chelated micronutrients of Fe, Zn can 

move away from the emitter but not far away from the rooting zone. 

8. Cost estimation for green house construction 

A model project proposal for floriculture industry 

A. Title of the project:  

Title should be brief and apt. It should be indicate clearly the main business activity. Eg. 

Production of Rose cut flowers for domestic and export market. 

B. Introduction:  

Give a line of introduction of the proposed business. Justification for starting the business, scope 

and competition should be clearly stated. 

C. Production technology:  

Give detailed account of the entire production process along with the scientific basis for each step. 

D. Project components: For cut flower production 

  1. Land 

  2. Greenhouse 

  3. Planting material 

  4. Irrigation 

  5. Fertilization system 

  6. Grading and packing room 

  7. Refrigerated van 

  8. Office equipment 

  9. Import of technology 

10. Labour charge 

11. Technical manpower 

12. Pesticides, Fertilizers, preservatives 
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Give the costing for each of the major components and classify them into 

A. Fixed cost –Permanent items 

B. Recurring cost –planting, cultivation, maintenance, storage, packing and transportation costs. 

E. Project yield 

Estimate the total production expected in different years and the realization expected through sales. 

F. Margin money 

25% of the total cost that has to be invested by the entrepreneur. 

G. Repayment 

Principal and interest are to be repayable in seven years with a moratorium for the first year on 

interest and for 2 years on principal. 

Budget requirement 

For a one hectare greenhouse to produce Rose cut flowers. 

A. Fixed cost 

S. No. Item Amount in lakhs 

1. Land and development 4.0 

2. Green house 13.0 

3. Cold storage    10.0 

4. Grading and packing room 5.0 

5. Office area      2.5 

6. Refrigerated van 1.0 

7. Generator set   2.0 

8. Fax, telephone, Computer 1.0 

9. Furniture 0.5 

10. Power supply installations 1.5 

11. Water supply system, drip irrigation and misting liners 6.0 

12. Planting material and planting 30.0 

Total fixed cost 76.5 lakhs 
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B. Recurring costs 

S. No. Item Amount in lakhs 

1. Electricity charges / year 6.0 

2. Manures and fertilizers 1.0 

3. Plant protection 1.0 

4. Preservatives   3.0 

5. Packing material 2.0 

6. Air freight 125.0 

7. Labour charges 3.0 

8. Commission / duty/ insurance 15.0 

9. Salaries 5.0 

10. Overhead costs 0.5 

11. Maintenance cost 1.0 

12. Miscellaneous 3.7 

Total recurring cost 166.2 

Total investment for the project = Fixed cost + Recurring cost = 76.5 + 166.2 in first year= 242.7. 

Project yield 

No. of rose plants per hectare of greenhouse = 60,000 

No. of flowers expected per plant = 100 to 150 

No. of exportable quality flowers /plant = 60 to 100 

Price per flower in international market = Rs. 6 to 11 

Total exportable flowers /ha @ 100 flowers /plant = 60 lakhs flowers 

Gross income through exports @ 50 flowers/plant = 300 lakhs (minimum). 

9. Problem management in greenhouse cultivation 

The troubles which arise in the culture of crops in the greenhouse may be divided into several 

groups a) failure to supply the essential factors for optimum growth such as light, moisture, carbon 

dioxide and heat in amounts necessary for each individual crop b) fertilizer deficiencies c) fertilizer 

excesses d) toxic gases e) attacks by insects, animals, and allied pests and f) susceptibility to 

fungus, bacteria and virus troubles. 
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Fertilizer deficiencies 

Symptoms of deficiencies of various fertilizers have been studied over a period of years with plants 

in greenhouses. 

Chlorosis 

This is a term used to denote the loss of normal green colour from the foliage whether it is on the 

older, more mature leaves or the younger foliage. The entire leaf may be affected, or just areas 

between the veins, in which case the yellowing is most usually in irregular patches shading into the 

green colour. Sometimes only the margin of the leaf or leaflets may be yellow, while the centre of 

the foliage is almost a normal green. 

Necrosis 

This refers to the death of the area severely affected by chlorosis. Necrotic spots or areas can also 

be caused by spray or aerosol damage, sunscald and other such factors which may have no relation 

of fertilizer. 

Nitrogen deficiency 

Generally the entire plant becomes lighter green, but the effect will be most noticeable on the older 

foliage. Gradually the oldest leaves loose their green colour, and most plants become yellow. The 

flowers are smaller and may lack well-developed colour. 

Phosphorus deficiency 

A purplish coloration developing first on the underside of the petiole, or leaf stem, which spreads 

to the main veins of the leaf is characteristic of this deficiency. 

Potassium deficiency 

The margins of the leaves of the older foliage become yellow, and the chlorosis progresses toward 

the mid-portion of the foliage as this deficiency increases in severity. The older leaves may drop in 

extreme cases of deficiency. Certain fumigants may cause marginal burning or chlorosis, and 

sometimes droplets of spray or fumigant may result in spots or blotches of chlorotic or necrotic 

nature. 

Calcium deficiency 

In sand culture, a typical symptom is the development of short clubby roots followed in a matter of 

several weeks by their death. In many cases insufficient calcium is associated with a low pH of the 

soil. 
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Iron deficiency 

This is a rather common trouble although an actual lack of iron may not be the primary cause. As 

iron deficiency becomes more intense, necrotic areas appear on scattered portions of the yellow 

coloured leaves and the affected foliage may drop. Iron can become deficient in soil, but often the 

symptoms of this deficiency are induced by other causes from injury to the roots by over-watering 

or over fertilization. Nematodes, or other soil pests interfering with root growth can also induce 

iron chlorosis symptoms. 

 

Boron deficiency 

The number of cases where this is a limiting factor are few, and most of them are with certain rose 

and carnation varieties. The new foliage is thick or leathery and quickly becomes chlorotic. The 

rose flowers are usually very malformed. The stem tip dies, giving rise to growth of shoots 

immediately below, which in turn die at the tip, and a ‘witches broom’ effect is observed. Because 

deficiency symptoms can sometimes be confused with the effects of some other environmental 

factor of cultural practice, a thorough review of fertilizer application, soil testing, soil type, 

watering practices, and other procedures is warranted before hasty conclusions are reached. 

 

Fertilizer excesses 

An unfortunate belief among many growers is that when a plant does not grow under apparently 

favorable conditions, the trouble can be overcome by applications of fertilizer. This practice has 

resulted in untold damage or loss of crops, as more often than not the original trouble could have 

been too much fertilizer in the soil. If additional fertilizer is applied when no more is needed, the 

results can be very injurious. Sometimes the difference between a high but safe nutrient level and 

an injurious nutrient level is not very great and the margin of safety may be extremely small. 

Therefore, it behaves the grower to test the soil in case of doubt to determine the advisability of 

fertilizer application. 

 

Nitrogen excess 

The plants exhibit heavy, rank growth, with large, dark green leaves that are often crisp and break 

easily. Additional nitrogen may inhibit root action, causing typical symptoms of iron chlorosis. If 

the root system is killed, the plants wilt excessively and never recover. This yellowing of the top 

foliage is very common in chrysanthemums and snapdragons. Over 75 ppm of nitrates is not safe. 
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Phosphorus excess 

Over doses of phosphorus precipitate the iron from the soil solution and make it insoluble and 

unavailable, causing iron chlorosis to develop. Over 25 ppm may cause trouble. 

 

Potassium excess 

 Up to a certain point, excessive potash apparently is not injurious. Greater amounts inhibit root 

action and may cause chlorosis, wilting, or immediate death of the plant. Over 60ppm is dangerous. 

Calcium excess 

Usually the pH of the soil will rise when there is excessive calcium. This causes iron chlorosis in 

many plants and has been called over liming injury. Over 300 ppm is high. 

Iron excess 

In the normal pH range of soil, there is little danger of excessive iron since phosphorus or calcium 

will precipitate it from the soil solution. At ph 5.0 or lower, iron becomes very soluble, and on 

hydrangeas brown dots appear on the leaves, indicating iron is being precipitated as water vapor is 

lost by transpiration. 

Sulphate excess 

A low pH may often be characteristic of soils high in sulphates. Sometimes high sulphates are 

encountered at pH 6.5. Over 600 ppm is toxic to most plants. 

Boron excess 

This trace elements is often found in soil to which unleached cinders have been added or where 

boric acid has been applied indiscriminately. Certain water supplies may have rather high amounts 

of boron. On roses, the serrations on the margin of the leaflets of the lower leaves turn black and 

the remaining leaves turn yellow and drop. 

 

Aluminium excess 

This is not troublesome except on hydrangeas that are being blued. Roots are burnt, and the plants 

wilt. 

Soluble salts excess 

Too much fertilizers in the soil injures or kills roots, and plant growth is severely reduced. 
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Remedial measures for excess fertilizer 

When fertilizer levels rise to the point where they become toxic, immediate steps must be taken to 

remove the excessive materials. Excessive nitrogen leaching with heavy watering’s and application 

of  straw mulch Excessive phosphorus cannot be leached. Only by addition of lime or iron sulphate 

Excessive potassium leaching may wash some quantity, but in clay soils removal may be almost 

impossible. Excessive calcium Acidifying the soil excessive iron Raising the pH or by addition of 

phosphorus excessive sulphates Leaching and avoiding the use of sulphate forms of fertilizers 

excessive boron Water glass, or sodium silicate can be dissolved in water at the rate of 100 cubic 

centimeters per gallon and applied to the soil. Excessive aluminum raising the pH or by adding 

phosphorus excessive soluble salts leaching. 

Injury by toxic gases 

Natural gas 

This gas usually contains 95 per cent methane and 4 to 5 per cent ethane and frequently causes 

injury to greenhouse plants. The common source of injury is from corroded or leaky gas pipes 

inside or outside the greenhouse. This injuries usually occur during winter when the ventilators 

kept closed. Very small concentrations of gas are sufficient to cause damage to plants, its detection 

is difficult by sense of smell. One part to 350 will cause a headache after 2 hours, whereas 1 part of 

natural gas in 10,000 to 100,000 of air will injure many plants. The best method of detection is 

through the use of tomato plants. In the presence of gas the leaves of tomato turn downward, 

because of epinastic response, which causes petioles of leaves to grow more rapidly on the upper 

side. Carnations exposed to low concentrations will develop long stigmas, but this may also occur 

in bright weather in unshaded greenhouses. In case of prolonged exposure of young buds even 1 

part to 100,000 may kill the buds and flowers fail to develop. Rose foliage on the upper shoots 

exhibits epinasty, or a bending downward of the petiole. Severe leaf drop may follow and the 

flower colour often fades. Bulbous plants usually develop twisted foliage and the flowers do not 

open properly. 

 

Ethylene gas 

This gas apparently is a by-product of metabolic processes and is given off in very small quantities 

by plants or their parts. Dropping of flowers after pollination is thought to be associated with 

ethylene vapers. The carnation flowers close or may appear “sleepy”, that is, the ends of the petals 

curl inward due to ethylene gas. 
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Sulphur dioxide 

In very low concentrations this gas is toxic to plants. Sulphur dioxide enters the leaf through open 

stomata and kills the cells nearby, thus showing patches of dead tissues scattered over the leaf and 

frequently affecting the margins. Middle-aged leaves are more susceptible than young leaves. 

Damage from sulphur dioxide is commonly found in localities where coal is burnt in large 

quantities. Foggy days are particularly dangerous. The common practice of using sulphur on 

heating pipes in rose houses to control mildew is responsible for leaf drop on some varieties. 

Mercury damage 

Many plants are quickly damaged by vapers from metallic mercury. This damage is manifested in 

roses by peduncles of young buds turning yellow and later black. The colour of flowers turns dark 

and leaves are scorched. Breaking of mercury thermometers or the use of bi chloride of mercury on 

beds as a disinfectant is the usual way in which mercury may be released. Control measures consist 

of removing all possible traces of mercury and covering the areas where mercury was spilled or 

applied with a 2-inch thickness of iron filings. Paint containing mercury as a fungicide should not 

be applied to rose houses. 

 

2,4-D 

The fumes of 2,4- dichlorophene acetic acid and related compounds used as weed killers cause 

bending, curling, and other malformations of leaves, stems, flowers or bracts. Fumes or ‘drift’ from 

a spray applied along the side of a greenhouse may enter through the doors or side vents cause 

trouble. Therefore, it is well to prevent trouble by keeping such sources of potential damage out of 

the greenhouse, boiler room, potting shed, or any place where the fumes could conceivably enter a 

greenhouse. 

Phenol compounds 

Many materials containing phenol or its derivatives are toxic to plants. Tar, carbolic acid, 

pentachlorophenol and many others of similar nature should never be used under glass. Treatment 

of wooden bench members with wood preservatives containing phenol compounds results in severe 

damage to the plants. 
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10. Special horticultural practices in greenhouse production 

The aim of greenhouse cultivation is to obtain high yield and good quality flower within a short 

period. Several methods for forcing flowers can be used successfully to obtain high yield and 

quality. 

Rose 

Deshooting 

Sprouting of buds just below flower, from the point between shoot and leaf lead to smaller bud 

size. So these shoots should be removed regularly. 

Dead shoot removal 

In the old plants the dead shoot or dried shoots on plants are observed which will be the host for 

fungi. So regularly these have to be removed. 

Soil loosening on beds 

After 6 months or so, there is every chance that the soil become stony and it has to be loosened for 

efficient irrigation. 

Bending 

Leaf is a source of food for every plant. There should be balance between source (assimilation ) 

and sink (Dissimilation). 

Mother shoot bending 

After planting 2 to 3 eye buds will sprout on main branch, these sprouts will grow as branches and 

these branches in turn form buds. This is don’t to initiate bottom breaks or ground shoots which 

will form main framework of plant structure. The mother shoot is bend on 2nd leaf or nearer to the 

crown region. The first bottom break or ground shoot will start coming from the base. These 

ground shoots form the basic framework for production and thereon the ground shoots should be 

cut at 5th five pair of leaves and medium ground shoots should be cut at 2nd or 3rd five pair of 

leaves. 

Defoliation 

The removal of leaves is known as defoliation. It is done mainly to induce certain plant species to 

flower or to reduce transpiration loss during periods of stress. Defoliation may be done by removal 

of leaves manually or by withholding water. The shoots are defoliated after pruning. 
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Carnation 

Support system (Netting) 

Good support material is metal wire mesh width of 7.5 x 7.5 cm to 15 x 15 cm. The cheapest 

support material is net with nylon. Minimum at every 3 meters, the wires should be supported with 

poles. The poles at the beginning and the end of each bed should be strong enough and be in cast 

concrete. For an optimal support of the crop, an increasing width of meshes may be used. Eg. The 

bottom net of 7.5 x 7.5 cm, then 12.5 x 12.5 cm and the upper nets 15 x 15 cm. 

Pinching 

Pinching refers to breaking out the tip of shoot with few leaves and encouraging growth of side 

shoots. There are three types of pinching 

a) single b) one and half and c) double pinches  

Pinching is done at a stage when the plants are young and between of 7-15cm height. Since very 

tender shoots are usually pinched, no special tool is required. It is done by snapping the shoot tip 

manually. A sharp knife or blade may be used for pinching. When the plant attains 6 nodes, the 

first pinch is given. This is referred as ‘single pinch’. This would give rise to six lateral shoots. 

With a ‘ one and half pinch’, 2-3 of these lateral shoots are pinched again. For the ‘double pinch’ 

all the lateral shoots are pinched off. Other than carnation, pinching is also practiced in marigold, 

Gomphrena (single pinch), and spray types of chrysanthemum (double pinch). 

 

Disbudding 

Disbudding refers to removal of side shoots so that the central/terminal bud receives maximum 

food for the full development. In standard carnations, side buds should be removed where as in 

spray carnations, the terminal bud has to be removed. 

Chrysanthemum 

Pinching out the apical bud 

As soon as the bud stems begin to elongate in other words as soon as the buds have just separated 

from one another, it is used to pinch out the central bud, this improves the spray shape. If pinching 

out is done too early, damage may be caused to the side buds, so it is carried out between 2nd and 

3rd weeks before harvesting. 
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Greenhouse 

Greenhouse, also known as greenhouse. A facility that can be used to grow plants by transmitting 

light, keeping warm (or warming). In the season when it is not suitable for plant growth, it can 

provide the growth period of the greenhouse and increase the yield. It is often used for plant 

cultivation or seedling cultivation of vegetables, flowers, trees and other plants in the low 

temperature season. 

 

  

There are many types of greenhouses, which can be divided into many types according to different 

truss materials, lighting materials, shapes and heating conditions. The types of greenhouses include 

greenhouses, greenhouses, exhibition greenhouses, experimental greenhouses, catering 

greenhouses, recreational greenhouses, etc. The design of greenhouse systems includes warming 

systems, insulation systems, cooling systems, ventilation systems, control systems, irrigation 

systems, etc.  

 

 

Simple plastic film and bone structure knots, with few internal facilities and no high greenhouse 

requirements. Therefore, strictly speaking greenhouses are more demanding than greenhouse 

equipment, and more advanced instruments may be used to strictly control temperature. But in a 

broad sense, greenhouses are a type of greenhouse. Its purpose is also to maintain a certain 
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temperature. Greenhouses, also known as greenhouses, such as glass greenhouses, plastic 

greenhouses; single-story greenhouses, multi-span greenhouses; 

 

single-roof greenhouses, double-roof greenhouses; heated greenhouses, unheated greenhouses, etc. 

The structure of the greenhouse should be sealed and insulated, but it should be easy to ventilate 

and cool down. The modern greenhouse has equipment that controls conditions such as 

temperature, humidity, and light, and uses computers to automatically control the optimal 

environmental conditions required to create plants. 

Main device 

An indoor greenhouse cultivation device comprises a planting trough, a water supply system, a 

temperature control system, an auxiliary lighting system and a humidity control system; the 

planting trough is arranged at bottom of the window or is made into a screen shape for planting the 

plant; the water supply system automatically supplies water at a timely and appropriate amount. 

The temperature control system includes an exhaust fan, a hot fan, a temperature sensor and a 

thermostat system control box to adjust the temperature in time; the auxiliary lighting system 

includes a plant lamp and a mirror, which are installed around the planting trough to provide 

illumination in the absence of sunlight, so that the plant can carry out Photosynthesis, and the 

beautiful landscape is reflected by the refraction of light; the humidity control system adjusts the 

humidity and reduces the indoor temperature with the exhaust fan. 
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The greenhouse is a building material for all or part of the enclosure material, which can be used to 

cultivate plants in the winter or other seasons when plants are not suitable for open field growth. 

Greenhouse functional classification can be divided into productive greenhouses, experimental 

(educational) greenhouses, and commercial greenhouses that allow public access, based on the 

end-use function of the greenhouse. 

 

Vegetable cultivation greenhouses, flower cultivation greenhouses, culture greenhouses, etc. are all 

productive greenhouses; artificial climate chambers, greenhouse laboratories, etc. are experimental 

(educational) greenhouses; various ornamental greenhouses, retail greenhouses, commodity 

wholesale greenhouses, etc. are commercial greenhouses. 

Main accessories 

The main accessories of the greenhouse are: greenhouse joint pipe, greenhouse pressure spring. 

greenhouse film groove (card slot), greenhouse film spring (slip spring), greenhouse jacket, 

greenhouse film card, greenhouse bracing, greenhouse U-card, Greenhouse clamps, greenhouse 

fixings, greenhouse connecting sheets, greenhouse filming lines, greenhouse doors, greenhouse 

film winders, greenhouse film roll bars, greenhouse double pipe cards, greenhouse pipe clamps, 

greenhouse herringbone cards, greenhouse anti-fog film, Insect nets, etc. 
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Quality control  

The society continues to advance, and the traditional agricultural production model can no longer 

meet the needs of the development of modern civilization. The new type of facility agriculture is 

sought after by the industry. The so-called agricultural equipment is mainly a greenhouse facility. 

It is not limited by time and space. It can be used for agricultural production in special 

environments such as plateaus, mountains and deserts. China is a big agricultural country. Farmers 

account for more than half of the total population. The space for agricultural innovation and 

application is infinite. The agricultural equipment industry has gone from behind the scenes to the 

stage. Throughout the domestic greenhouse greenhouse industry, large and medium-sized 

enterprises are uneven, and the quality of the greenhouse projects that landed is naturally very 

different. In order to enable the organizational units interested in developing facility agriculture to 

better select greenhouse project service providers, systematic research on the greenhouse 

greenhouse industry is conducted. The quality control of greenhouse greenhouse projects is mainly 

divided into material control, technical control, construction control and after- sales control. Four 

aspects. As the source of the greenhouse project, the material should be closed to the quality of the 

project. For example, the steel components used in the greenhouse project are processed and 

derusted by high-quality steel. After hot-plating in a professional galvanizing plant, the quality 

inspection department will conduct the test again and will be transported to the site for use after 

passing the test. 
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Technical control 

The project team has professional designers. Before each project starts, the greenhouse project 

manager will carry out detailed project training for the engineering and technical personnel, take 

the difficulties and points of the project and discuss them, and prevent the mistakes in advance. 

Before the project starts, the engineering and technical personnel will know what to expect. After 

the project is started, it will be implemented according to the predetermined plans and steps, 

effectively avoiding errors during the construction process and ensuring the quality of the entire 

project. 

   Construction process control 

Each greenhouse project should be equipped with professional technical engineers. During the 

implementation of the project, the engineers serve the whole process of construction. Ensure that 

construction personnel strictly follow the drawings and specifications. In addition, the quality of 

project implementation is also very different. The quality control is mainly based on the above four 

aspects. 
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Ventilation management 

 

  

Ventilation management of greenhouses in spring 

First, the degree of arching is different, the size of the air outlet is different. The size of the spring 

tuyere cannot be completely defined by a certain data. Because the structure of the greenhouse is 

different, the time and speed of cooling are different. For large sheds with large arches, because 
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the shed surface is suitable for arching, the hot air flow is easily discharged along the upper part of 

the greenhouse film.  

 Even if the air vent is small, a good air release effect can be obtained. For the low-rise old shed         

with a long planting period, because the shed has a small degree of arching and the shed surface is 

flat, the hot airflow in the shed is slower from the vent, and the temperature inside the shed is high. 

Under normal circumstances, such a greenhouse will open the top air outlet to a width of 40 cm, 

and then open to a greenhouse with a high height and a large arch. 

Second, pay more attention to the ventilation in the spring 

After pulling the shed for 1 hour in the morning, open the ventilating 3-5 cm or so and put a small 

wind. The purpose is to discharge the moisture in the shed, and at the same time replenish the 

carbon dioxide in the shed to supplement the raw materials for photosynthesis smoothly. When the 

shed temperature rises above 28 °C, the venting opening is gradually opened, and the temperature 

in the shed is not more than 33 °C (for cucumber, loofah and other warm vegetables). 

Third, the spring winds are more, the wind vents pay attention to the wind. 

Increasing the density of the wind absorbing rope, and it is better to use a wide cloth with a large 

frictional force to release the wind rope. When the cloth strip is fixed to fix the shed film, the 

friction is large, and the slip knot is not easily blown off by the strong wind. Many vegetable 

farmers use nylon rope windproof rope. Because the friction is small, the vegetable grower should 

increase the density of the nylon wind rope and fix it to prevent the wind from being blown by the 

wind. At the same time, the vegetable farmers should also pay attention to check at any time during 

the windy weather to prevent the wind rope from loosening and the air outlet closed. 

Structural Pipe 

1. Hot-dip galvanized steel pipe structure: 

 hot-dip galvanized pipe is made of molten gold 

Greenhouse construction pipe-hot dip galvanized steel pipe. 

The genus reacts with the iron matrix to produce an alloy layer, thereby combining the matrix and 

the plating. The hot-dip galvanized pipe supplied by Tianjin Feilong Pipe Co., Ltd. is first pickled 

with steel pipe to remove iron oxide on the surface of the steel pipe. After pickling, it passes 

through ammonium chloride or zinc chloride solution or ammonium chloride and zinc chloride. 

The mixed aqueous solution tank is washed 
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and then fed into a hot dip plating tank. Hot-dip galvanizing has the advantages of uniform plating, 

strong adhesion and long service life. The hot-dip galvanized steel pipe matrix and the molten 

plating solution undergo complex physical and chemical reactions to form a corrosion- resistant 

structure of a zinc-iron alloy layer. The alloy layer is integrated with the pure zinc layer and the 

steel pipe base. Therefore, its corrosion resistance is strong. 

2. Galvanized pipe structure:  

The galvanized pipe has been adjusted to produce the hot-dip galvanized pipe. The strip for pipe 

making is first pickled in order to remove iron oxide from the surface of the strip. Then air dry and 

then made into a tube.  
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It has uniform plating, bright, and little galvanizing, which is lower than the cost of producing hot-

dip galvanized pipes. Its corrosion resistance is slightly worse than hot-dip galvanized pipe! 

3. The difference 

Difference in traits: 

Hot-dip galvanized pipi 1) weight 6 meters long with 6.5 kg ; 

2) strong corrosion resistance long Service life and slightly higher price; galvanized belt tube 1) 

weight 6 meters long and 5.5 kg 2) strong corrosion resistance. Service life is shorter than that of 

hot -dip galvanized steel pipe, and the price is low. Appearance difference: 

1) The hot-dip galvanized pipe is snowy white but not bright and non- reflective, the surface is 

snowy, and the two ports have zinc (coagulated zinc) 

2) The galvanized tube is white and shiny, with few snowflakes, and the two ports are clean and 

zinc-free. 

Performance 

5. Transmittance 

The greenhouse is a daylighting building, so the light transmittance is one of the most basic 

indicators for evaluating the light transmission performance of the greenhouse. Light transmittance 

refers to the percentage of light that penetrates into the greenhouse and the amount of outdoor light.  
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The light transmittance of the greenhouse is affected by the light transmission performance of the 

greenhouse light-transmitting cover material and the shadow rate of the greenhouse skeleton, and 

the light transmittance of the greenhouse is also changing with the different solar radiation angles 

in different seasons. The light transmittance of the greenhouse is a direct influencing factor for 

crop growth and crop selection. Generally, the multi-span plastic greenhouse is 50 %-60 % , the 

light transmittance of the glass greenhouse is 60 %-70 % , and the solar greenhouse can reach more 

than 70 %. 

Insulation 

Heating energy consumption is a major obstacle to the winter operation of the greenhouse. 

Improving the insulation performance of greenhouses and reducing energy consumption are the 

most direct means to improve the efficiency of greenhouse production. The insulation ratio of the 

greenhouse is a basic indicator for measuring the insulation performance of the greenhouse. The 

greenhouse insulation ratio refers to the ratio of the coverage area of the greenhouse light-

transmitting material with less thermal resistance to the sum of the coverage area of the greenhouse 

enclosure structure with larger thermal resistance.  
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The higher the insulation ratio, the better the insulation performance of the greenhouse. The 

insulation performance of greenhouses is very good. Heating and energy consumption are the main 

obstacles for greenhouse operation in winter. Improving the insulation performance of greenhouses 

and reducing energy consumption is the best way to improve greenhouse production efficiency. 

Durability 

Greenhouse construction must consider its durability. Greenhouse durability is affected by factors 

such as the aging resistance of greenhouse materials and the carrying capacity of the main structure 

of strength, the durability of the light- the greenhouse. In addition to its own: transmitting material 

is also manifested in the fact that the light transmittance of the material is continuously attenuated 

with time, and the degree of attenuation of the light transmittance is a decisive factor affecting the 

service life of the light-transmitting material. The general steel structure greenhouse has a service 

life of more than 15 years. It is required to design the maximum load for wind and snow load in 25 

years; the simple greenhouse life of bamboo and wood structure is 5-10 years, and the maximum 

load for design wind and snow load is 15 years. Since the greenhouse operation is in a high 

temperature and high humidity environment for a long time, the surface corrosion of the E 

components becomes one of the important factors affecting the service life of the greenhouse. Steel 

structure greenhouse, the main structure of the force is generally thin-walled steel, its own 

corrosion resistance is  poor, in the greenhouse must be treated with hot-dip galvanized surface 

anti-corrosion treatment, the thickness of the coating reaches 150-200 microns, can guarantee 15 

years of use life. For wood structures or steel welded truss structures, it is necessary to ensure that 

the surface is treated once a year.  

 Greenhouse application 

Internet of Things technology 

In fact, the Internet of Things technology is the aggregation and integration of various sensing 

technologies, modern network technologies and artificial intelligence and automation technologies, 
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In the greenhouse environment, a single-station greenhouse can use lot technology to become a 

measurement control area for wireless sensor networks, using different sensor nodes and nodes 

with simple actuators, such as fans, low-voltage motors, valves, etc. The organization, which 

constitutes a wireless network, measures the substrate humidity, composition, pH, temperature, and 

air humidity, air pressure, light intensity, carbon dioxide concentration, etc., and then automatically 

adjusts the greenhouse environment, controls irrigation and fertilization operations through model 

analysis to obtain plant growth. The best conditions. For the agricultural parks with greenhouses, 

the Internet of Things can also realize automatic information detection and control. With wireless 

sensor nodes, each wireless sensor node can monitor various environmental parameters. 

 

By receiving data from the wireless sensor aggregation node for storage, display and data 

management, all base test point information can be acquired, managed and analyzed, and displayed 

to users in various greenhouses in an intuitive chart and curve. At the same time, according to the 

needs of planting plants, various sound and light alarm information and SMS alarm information are 

provided to realize greenhouse intensive and networked remote management. In addition, lot 

technology can be applied to different stages of greenhouse production. In the greenhouse ready to 

put into production stage, by arranging various sensors in the greenhouse, the internal environment 

information of the greenhouse can be analyzed in real time, so as to better select suitable varieties; 

in the production stage, practitioners can use the Internet of Things technology to collect the 

temperature in the greenhouse., humidity and other types of information to achieve fine 

management, such as the time of opening and closing the sunshade network, can be based on the 

temperature, light and other information in the greenhouse to sense control, heating system start-up 
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time, can be adjusted according to the collected temperature information; After the product is 

harvested, the information collected by the Internet of Things can also be used to analyze the 

performance and environmental  factors of plants at different stages, and feed back to the next 

round of production, so as to achieve more precise management and obtain better products. 

Main species 

1.  Plastic greenhouse 

Large-scale multi-span plastic greenhouses are a type of greenhouse that has emerged and 

developed rapidly in the past decade. Compared with the glass greenhouse, it has the advantages of 

light weight, less amount of skeleton materials, low shading rate of structural parts, low cost, long 

service life, etc. Its environmental control ability can basically reach the same level of glass 

greenhouse, and plastic greenhouse users accept The ability is far higher than the glass greenhouse 

in the world, becoming the mainstream of modern greenhouse development. 

 

Plastic greenhouse structure 

2. The overall size of the plastic greenhouse 

Such greenhouses have different structural sizes in different countries. However, in general, the 

general greenhouse span is 6-12m, the open space is about 4m, and the height is 3-4m. For the 

multi-span greenhouse with natural ventilation, when the side window and the roof window are 

used together, the maximum width of the greenhouse should be limited to 50m, preferably about 

30m; and the greenhouse with the main ventilation, the maximum width of the greenhouse can be 

Expanded to 60m, but preferably limited to about 50m; the length of the greenhouse, (from the 

point of view of ease of operation) is preferably limited to within 100m, but there are no strict 

requirements. 
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3. Main structure 

 

The main structure of the plastic greenhouse is generally made of hot- dip galvanized steel pipe as 

the main bearing structure, factory production, on-site installation. Due to the light weight of the 

plastic greenhouse itself and its weak resistance to wind and snow loads, the stability of the overall 

structure should be fully considered. Generally, vertical diagonal braces should be set in the second 

or second opening of the room. The necessary space support should also be considered for the 

outer guard structure and the roof. It is preferable to have an oblique support (a diagonal tie rod) 

anchored to the foundation to form a space stress system. 

The main structure of the plastic greenhouse must have at least 8 wind resistance, and generally 

require a wind resistance of 10 grades. The snow load carrying capacity of the main structure shall 

be determined according to the actual snowfall conditions in the construction area and the winter 

use of the greenhouse. For use in the north, the design snow load should not be less than 

0.35KN/m2. For annual operating plastic greenhouses, consideration should also be given to a 

number of load factors such as equipment weight, plant hoisting, maintenance, etc. 

4. Glass greenhouse: 

      A glass greenhouse is a greenhouse in which glass is a transparent covering material.  
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Design requirements 

 

In the basic design, in addition to meeting the strength requirements, it should have sufficient 

stability and resistance to uneven settlement. The foundation connected with the inter-column 

support should also have sufficient horizontal force and space stability. The bottom of the 

greenhouse should be below the frozen soil layer. The heating greenhouse can consider the 

influence of heating on the base freezing depth according to the climate and soil conditions. 

Generally, the bottom of the foundation should be lower than 0.5 meters above the outdoor ground, 

and the distance between the top surface of the foundation and the outdoor ground should be 

greater than 0.1 m to prevent the foundation from being exposed and adversely affecting 

cultivation. Unless otherwise specified, the distance between the top surface of the greenhouse 

foundation and the indoor floor should be greater than 0.4 meters. Independent foundation. 

Reinforced concrete is usually used. 

Strip foundation. Masonry structures (bricks and stones) are usually used, and construction is also 

carried out by on-site masonry. A reinforced concrete ring beam is often placed at the top of the 

foundation to install the embedded parts and increase the foundation strength. The steel structure 

mainly includes: the load-bearing structure of the greenhouse and the support, connecting parts and 

solid parts of the structural stability. The design of China's glass greenhouse steel structure is 

mainly based on the greenhouse design specifications of countries such as the Netherlands, Japan 

and the United States. However, structural strength, structural rigidity, structural integrity, and 

structural durability must be considered in the design. 
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Solar greenhouse 

The front slope is covered with heat insulation at night, and the east, west and north sides are 

single-slope plastic greenhouses with enclosed walls, collectively referred to as solar greenhouses. 

The prototype is a single- slope glass greenhouse, and the light-transmissive covering material on 

the front slope is replaced by a plastic film instead of glass, which evolves into an early solar 

greenhouse. The solar greenhouse is characterized by good insulation, low investment and energy 

conservation, which is very suitable for the use of underdeveloped rural areas in China. 

Solar greenhouse performance. The light transmittance of energy-saving solar greenhouses is 

generally above 60 % to 80 % , and the indoor and outdoor temperature difference can be 

maintained above 21-25 °C. 
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5. Solar greenhouse lighting 

On the one hand, solar radiation is the most important source of energy for maintaining solar 

greenhouse temperature or maintaining heat balance; on the other hand, solar radiation is the only 

source of photosynthesis for crops. 

 

 

6. Solar greenhouse insulation 

The insulation of the solar greenhouse is composed of two parts: the thermal insulation structure 

and the activity insulation. The insulation material on the front slope should be made of flexible 

material to be easily stowed after sunrise and put down at sunset. 
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The development and development of new front roof insulation materials mainly focus on the 

requirements of easy mechanization, low price, light weight, aging resistance and waterproof. The 

solar greenhouse is mainly composed of three parts: the wall, the rear roof and the front roof. It is 

referred to as the "three elements" of the solar greenhouse. The front roof is the whole lighting 

surface of the greenhouse. Before the daylighting period, the roof is covered with plastic film only. 

When the light is weakened, the plastic film is covered with active insulation in time to enhance 

the insulation of the greenhouse. Solar greenhouse intelligent monitoring solution Sunlight 

greenhouses are mainly divided into two types: earthen wall. solar greenhouses and brick wall solar 

greenhouses, which can make full use of solar energy. In cold regions, vegetables are not warmed 

for wintering cultivation, while cultivation facilities for producing fresh vegetables have distinctive 

Chinese characteristics. It is a unique facility in China. The front slope of the solar greenhouse is 

covered with heat preservation at night, and the east, west and north sides are single-slope plastic 

greenhouses with enclosed walls, collectively referred to as solar greenhouses. The prototype is a 

single-slope glass greenhouse, and the light-trans missive covering material on the front slope is 

replaced by plastic film instead of glass, which evolves into an early solar greenhouse. The solar 

greenhouse is characterized by good insulation, low investment and energy conservation, which is 

very suitable for the use of underdeveloped rural areas in China. In view of the characteristics of 

solar greenhouses, we have launched a solar greenhouse intelligent monitoring and transformation 

program, which can be retrofitted directly on the original structure, simple construction, mainly to 

achieve air temperature and humidity monitoring, illuminance monitoring, automatic control roller 

blinds The functions of ventilation, automatic opening and closing of the sunshade, automatic 

control of the water valve for watering operations, etc., greatly reduce the labor of daily artificial 

ventilation and watering operations, improve production efficiency, and increase crop yield. 

Plastic greenhouse 

7. Structure of plastic greenhouse 

Temperature and light performance of plastic greenhouse Plastic greenhouses can make full use of 

solar energy, have a certain thermal insulation effect, and adjust the temperature and humidity in 

the shed through a film within a certain range. Plastic greenhouses in the northern region: mainly to 

play the role of thermal insulation in early spring and autumn, 30 to 50 days in spring and 20 to 25 

days in autumn, and cannot be wintered. In the southern region: in addition to the winter and spring 

season for vegetable and flower insulation and wintering cultivation (leaf vegetables), it can be 

replaced with a awning for shading and cooling in summer and autumn, and rain, wind and flood 

prevention. 
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Plastic greenhouses generally do not heat the room, relying on the greenhouse effect to accumulate 

heat. The lowest temperature is generally 1-2°C higher than the outdoor temperature, and the 

average temperature is higher than 3-10°C. The transmittance of plastic greenhouses is generally 

60 % to 75%. In order to ensure the basic balance of the average daylight illumination, the layout 

of the greenhouse is mostly in the form of north-south extension. The plastic greenhouse is a non-

warm, single-span arch roof structure greenhouse with plastic film as the covering material. 

Features of plastic greenhouse: easy to build, easy to use, and low investment, it is a simple 

cultivation facility. With the development of the plastics industry, it has been widely adopted by 

countries all over the world. 

 Middle and small shed 

 There is a 1m high earth wall in the north, a semi-arched shed in the south, a semi-arched shed in 

the north, and a sloped shed in the south. This kind of shed is generally a column-free shed. When 

the span is large, there are 1-2 rows of columns in the middle to support the shed and cover the 

cold-proof straw mat. 

8.  Monomer greenhouse  

The circular arch type is inserted into the shed: the basic requirement is that the shed is 8 meters 

wide, the shed is 30 meters long, the shoulder height is 1.8 meters, the top height is 3 meters, the 

arch is p25x2mm hot- dip galvanized pipe, the arch spacing is 1.0 meters, and the soil is inserted. 
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More than 0.4m. The material is made of hot-dip galvanized steel, and three longitudinal tie rods 

are designed to enhance the wind and pressure resistance.  

 

The longitudinal design of four film grooves (two grooves per side). The skirt film is 40cm high, 

the upper surface is fixed by the laminating film groove, the lower side is buried in the soil to 

enhance the wind resistance and the sealing property; the second channel is installed at 140cm 

from the ground, and the film and the skirt film are repeated 30cm. Install 6 vertical rods at the 

end; install a laminated rope between each two arches to increase the wind resistance, and install 

windproof support at the four corners of the shed to increase the stability of the shed. Each side of 

the shed is equipped with a double- sided sliding door. The door size is 1.8x1.4m, and each seat. 

 Orientation selection 

 It is better to go beyond the frozen layer. The basic design of the greenhouse is based on the 

geological structure and the local climatic conditions. The cold area and the loose soil area are 

relatively deep. The greenhouses that cannot be produced all year round are deeper than the 

greenhouses that are produced all year round. The base of the stone or gravel is to be filled with 

2030 cm thick ground beams, and the walls are built with walls, and the walls should have 

insulation sandwiches. The insulation sandwich is filled with insulation materials such as benzene 

board and perlite. It is recommended to extend the expansion joint of the wall beyond 70 meters. 

The back wall of the greenhouse should have a certain ventilation window for ventilation in winter 

according to the nature of the greenhouse. Before the capping of the rainbow greenhouse wall, the 

embedded parts of the arch frame should be used for the installation of the arch frame. The height 

of the greenhouse wall depends on the span of the greenhouse. Generally, the height of the back 

wall of the greenhouse is 2.5 meters. The height of the rear wall of the 7.5-meter span greenhouse 
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is 2.3 meters. Site selection should be as close as possible to the flat plot, and the location of the 

greenhouse is very important. The groundwater level should not be too high, avoiding the 

mountains and buildings that block the light. For the users of planting and breeding, there is no 

place for pollution. In addition, a areas with strong monsoons should consider the wind resistance 

of selected greenhouses. 

 

 Generally, the wind resistance of greenhouses should be above 8th. The orientation of the 

greenhouse has a great impact on the heat storage capacity in the greenhouse, for the solar 

greenhouse. According to experience, the greenhouses in the southern region are better toward the 

west. The west angle is preferably 510 degrees. This will allow the greenhouse to accumulate more 

heat. If multiple greenhouses are built, the spacing between the greenhouses should not be less than 

the width of a greenhouse. 

 The sheds facing the greenhouses are on the north and south sides, and the greenhouses for 

planting are recommended to choose north-south orientation. This orientation allows the crops in 

the greenhouse to be distributed evenly. The wall data of the greenhouse can be used as long as it 

has good heat preservation and heat storage capacity. The inner wall of the greenhouse emphasized 

here must have a heat storage function, and the masonry of the solar greenhouse should be adapted 

to local conditions. In order to store heat. At night, this heat is released to maintain a temperature 

balance within the shed. Brick walls, cement plaster walls, and earth walls all have heat storage 

capacity. The wall of the greenhouse is generally brick-concrete. Formation of toxic gases in 

greenhouses and preventive measures Cultivation of vegetables in plastic greenhouses often returns 
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to improper fertilization methods, neglecting ventilation and ventilation, causing excessive toxic 

gases in the shed, endangering vegetables, and often being misdiagnosed as diseases, resulting in 

the final result.  

1. Nitrogen is due to the application of excessive urea, barium sulfate and other quick-acting 

fertilizers, or improper fertilization methods. If the organic fertilizer is applied without 

decomposition, the ammonia will be decomposed under high temperature conditions in the 

greenhouse, which will damage the vegetables and cause the leaf margin tissue to appear. Water-

stained spots, when the whole leaves die in severe cases. Often misdiagnosed as frost or other 

diseases, vegetables sensitive to ammonia are cucumbers, tomatoes, zucchini and so on.  

2. Nitrous acid gas The excessive application of ammonium nitrogen fertilizer at one time will 

reduce the effect of certain bacteria and cause local acidity of the soil. When the PH value is less 

than 5, nitrous acid gas is produced, which can cause white spots on the leaves of vegetables, and 

the whole leaves become white and dead, often misdiagnosed as powdery mildew. Vegetables 

sensitive to nitrous acid gas are eggplant, cucumber, zucchini and celery., peppers, etc.  

3. Ethylene and chlorine If the quality of the agricultural film or mulch film is poor, or there is 

residual film in the ground, it is exposed to sunlight, and it is easy to produce harmful gases such as 

ethylene and chlorine under high temperature conditions in the shed. When the concentration 

reaches a certain level, the leaf margin or vein of the vegetable can be yellowed, and then 

whitened. In severe cases, the whole plant is dead. Often misdiagnosed as bacterial angular leaf 

spot, the damage to cucumber is particularly serious. In addition, heating in the winter heats up, if 

the fuel is not burned enough, it will produce toxic gas, and if the ventilation is not timely the 

carbon dioxide will accumulate too much. Affect vegetable production.  

Other information  

9. Irrigation method 

 Drip irrigation is to drip the water evenly and slowly into the soil near the root zone of the plant 

through the dripper installed on the capillary. By means of the capillary force of the soil, the water 

penetrates into the soil and diffuses for the roots of the plant. And the use of soil moisture is always 

in an unsaturated state, making the soil loose and breathable, which is conducive to plant growth.  
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The principle of drip irrigation with hose is less irrigation and less irrigation, and the amount of  

irrigation is 7-15 cubic meters per mu. Specific method: First, when filling the water, first close the 

straw valve of the fertilizer applicator, then open the valve to the maximum, then connect the 

pressurized water source to fill the water, and secondly, when the fertilizer is applied, close the 

valve and open the applicator straw. The switch, the filter is fixed at the bottom of the fertilizer 

solution tank, and the water source can be applied to fertilize. At the end of the fertilization, the 

switch on the straw should be closed, and the valve should be opened to continue the irrigation to 

flush the residual fertilizer in the tube. 

  

 

2, matters needing attention 

(1) Install the drip irrigation system to ensure that the control area of each section of the main pipe 

does not exceed half an acre of land, and the ground in contact with each hose is leveled to ensure 

smooth water circulation; 
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(2) The holes in the drip irrigation belt are usually laid upwards and covered with the mulch film. If 

the film is not covered, the drip irrigation hole can be laid down; 

(3) Using a clean water source, there should be no suspended solids larger than 0.8 mm in the 

water, otherwise an air filter should be added to purify the water. It is usually not filtered when 

using tap water and well water; 

(4) Beware of scratching or puncture the drip tape or the supervisor during installation and field 

operations; 

(5) After fertilization, it should continue to be filled with water for a period of time to prevent 

chemical substances from accumulating and blocking the orifice at the orifice; 

(6) In order to prevent the accumulation of impurities such as sediment in the pipe, the drip 

irrigation belt and the tail of the main pipe are released one by one, and the flow flushing is 

increased; 

(7) When changing the equipment, remove the equipment and store 

it in a cool place.  

3. Insulation technology 

 Greenhouses rely on the absorption of solar radiation during the day to heat up in the shed, and by 

night to cover the insulation to reduce the loss of heat, so insulation is particularly important. A 

greenhouse with good insulation performance can effectively reduce costs and increase profits. 

1) The inner roof of the multi-span greenhouse. This type of insulation is the internal insulation 

that we often say. It is a kind of lightweight space cotton insulation that is parallel with the inner 

sunshade. The insulation is rain-proof and sun-proof, and the service life is about five years. The 

way to turn it on is to turn it on and off with the motor and rack and pinion drive. The advantage is 

that the quilt is installed parallel to the beam part, does not occupy the space inside the shed, and 

has the disadvantage that the closing position of the beam is not strict. 

2), The side of the greenhouse is insulated It refers to installing a layer of lightweight space cotton 

insulation or a layer of insulation curtain on the wall around the greenhouse. In the evening, the 

insulation cotton or curtain is rolled from above to the outside for heat insulation, and it is collected 

during the day. This combination of insulation and top internal insulation will greatly increase the 

insulation performance of the greenhouse, but it is also one of the most easily overlooked 

insulation styles. 

3) Replace the thermal insulation material on the north wall of the northern area Since the north 

wall of the northern area is mainly affected by the cold wind surface, and the north wall surface 

does not affect the overall lighting performance of the greenhouse, we can replace the north wall 

surface with a composite board with better insulation performance, a P brick wall, or on the north 
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wall. The outside of the card slot is then fixed with a layer of insulation to increase the insulation 

performance of the north wall. 

4) Additional small arch insulation around the film greenhouse The most common type of 

insulation style is the style of the film multi- span greenhouse, which is to use an small curved arch 

to extend an extra small space around the greenhouse. The bottom of the normal small arch is 

about 1.5 meters away from the wall. @32*2.0 round tube production, the arch spacing is 1 meter. 

At the same time, the winder is installed on the arch surface, and the film can be rolled up without 

affecting the side ventilation or the use of the fan water curtain.  

4. Heating technology 

 Heating methods include brewing heat, electric heating, plumbing heating, steam heating, warm 

air heating, solar storage system heating etc., depending on the type of crop and the size and type 

of facility, the solar heating system will be The heat energy captured by the high- temperature air 

that appears in the upper part of the shed is stored underground to increase the ground temperature. 

When the nighttime temperature is lower than the ground temperature, the energy stored in the soil 

can be released into the air. Through the use of solar energy storage systems, the temperature in the 

greenhouse can be increased by 1-2 °C. Heating measures for greenhouses:  

1) When the outside world is greatly cooled, you can temporarily use firewood or coal to burn, and 

raise the room temperature through the stove, the flue and direct heat dissipation.  

2) Where there are conditions, hot water, hot air and steam discharged from wineries, paper mills 

and smelters can be used as heat sources for the greenhouse.  

3) Add heat organic fertilizer, that is, in the depth of 10~-15 cm underground, before planting 

vegetables, buried 5-10 cm thick semi- fermented hot organic fertilizer (such as horse, donkey, 

sheep dung, etc.). Heat pump greenhouses, heat pumps are now mature technology, in general, the 

equipment to transfer heat from the low temperature zone to the high temperature zone, the heat 

cycle principle of the heat pump and the thermodynamic cycle principle of the refrigerator are 

basically the same, but in the use and the role is just the opposite. The electric heat pump 

greenhouse is also the equipment that transports heat from the low temperature environment to the 

greenhouse. The heat pump greenhouse will consume a relatively high amount of equipment on the 

equipment, but the consumption will be much smaller in the later period, and compared with other 

equipment, the most important thing is that it is basically non-polluting equipment. The potential of 

heat pumps for greenhouses is very large. 
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 5 cooling technology 

 When the outside temperature rises, in order to alleviate the adverse increase of temperature in the 

greenhouse, the plant growth will be adversely affected, and cooling measures should be taken. 

Currently, the greenhouse cooling is mainly in the following manner. 

1). Ventilation and cooling 

 Open the ventilation vent or open the ventilating fan to cool the exhaust. While lowering the room 

temperature, it can also discharge moisture and replenish carbon dioxide. 

2). Shading and cooling 

When the summer light is too strong, you can use old film or old film with straw curtain, shade net, 

etc. to cover the cooling. 

3). Roofing sprinkler cooling 

A perforated pipe is arranged at the top of the device, and moisture is sprayed on the roof through 

the small holes of the pipe to cool the 

4). Spray cooling in the house 

 One is sprayed upward from the bottom of the greenhouse side, and the other is sprayed down 

from the upper part of the greenhouse. It should be selected according to the type of plant. 

5), fan water curtain cooling system 

The cooling process of the wet curtain cooling system is completed in the core paper pad. There is 

thin water film on the surface of the corrugated fiber. When the outdoor dry hot air is sucked 

through the paper by the fan, the water film is The water absorbs the heat of the air and evaporates 

into a vapor, so that the cooled and humid air after treatment enters the room, and the indoors can 

immediately reach the effect of lowering by 5-10 degrees.  

Greenhouse foundation civil engineering  

The greenhouse construction site shall have no obstacles such as large stone plaques, underground 

pipelines and underground facilities within the depth of one meter deep. The construction party 

shall do the five-way and one-level work according to the requirements of greenhouse 

construction, that is, water, electricity, a access roads, and telephone calls. Drainage, leveling and 

compacting the site. Before the site geological description or survey report is obtained, the 

construction unit temporarily designs and makes estimates based on the allowable bearing capacity 

of the retaining soil layer 280kpa and the underground stable water level at 10.000°1m. The 

independent point foundation has a depth of about 10.000 under 0.5m, and the greenhouse has an 

independent foundation. The greenhouse is surrounded by a 0.5m high brick skirt, of which about 

0.000 is about 0.5m, +0.000 is 0.50m, and the foundation and foundation are top. Buried anchor 

bolts are used to connect the upper structural columns, and the cement mortar inside and outside 
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the wall skirt is plastered; 80cm wide concrete scattered water is placed around the outside of the 

greenhouse; The drainage ditch around the greenhouse is built by the owner. The juice is based on 

the national standard "Code for Design of Building Foundations" (GBJS0007-2002). If the 

geological description provided by the constructor does not match the actual situation (such as the 

survey report), and then the basic design, the SE design calculation and budget estimate of the 

greenhouse foundation will be adjusted accordingly.  

Solar greenhouse 

 Sunlight greenhouses are currently mainly divided into earthen wall solar greenhouses and brick 

wall solar greenhouses. The third new type of solar greenhouse, which was newly developed in 

Shouguang Shandong, was actually improved on the basis of the earthen solar greenhouse. 

1. Earth wall greenhouse 

 Application: Off-season cultivation of high-value vegetables and other crops. 

 Specifications: The soil wall solar greenhouse span is generally 10-15 meters, the wall structure is 

repeatedly crushed and built with soil, generally covered with 10 filament-15 silk double-proof 

long-life-free film, the shed skeleton is currently welded with all steel frame. Structure, insulation 

materials generally use 4-6 kg per square shed insulation, using a roller blind machine to pull 

insulation. Advantages: The cost is low, the greenhouse heat preservation effect is better in winter, 

and the maintenance cost is lower in the later stage. Disadvantages: The wall area is large, 

affecting the net planting area of the greenhouse, and has certain requirements on the soil quality; if 

the wall body does not take protective measures, it is easy to be washed by rain and snow and 

affect the service life. 

2. Brick wall greenhouse 

 Application: cultivation of vegetables, edible fungi, flowers, fruit trees, Specifications: Brick wall 

solar greenhouse spans 8-16 meters, its wall structure is red brick or concrete foam brick masonry, 

the thickness of the wall is generally 0.37-1 meters, other structures are basically the same as the 

soil wall solar greenhouse, are It consists of an all- steel skeleton, a cover film, a thermal insulation 

quilt, and a roller blind machine. Advantages: The brick wall structure is sturdy and durable, and 

its service life can reach 20-25 years. It has high land utilization rate and strong applicability in the 

area. It is especially suitable for construction and use in areas with complicated geology, low water 

level and unable to build earth walls. Disadvantages: Due to the brick wall structure, the cost of 

greenhouse greenhouses is higher than that of the soil wall and the investment return period is 

longer. 
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3. New solar greenhouse  

Applicable: It is used in high value-added industries such as scientific research, breeding, seedlings 

and exhibitions. Specifications: The overall structure is consistent with the traditional solar 

greenhouse, spanning more than 15 meters. The wall part is built with earth wall and then cement 

mortar is used; the greenhouse frame is made of hot-dip galvanized rectangular tube and circlip 

card slot, and the rest is the same as the earth wall solar greenhouse. Advantages: The wall is 

reinforced with cement mortar, which reduces the risk of collapse, and the durability and service 

life increase by more than 5-10 years. The shed film is fixed by circlip card slot, which is 

convenient to replace the film in the future; large span, large space, configurable Advanced 

equipment such as mobile seedbeds and mobile sprinkler irrigation. Disadvantages: The wall area 

is large and the cost is high, which reduces the cost performance of the greenhouse. Comparing the 

three types of solar greenhouses, it can be seen that the greenhouse wall greenhouses have lower 

construction costs and lower maintenance costs in the later period, which is the most cost- effective 

one among the three solar greenhouses. For places with abundant land, the greenhouse can be used 

as a greenhouse for greenhouses Single arch shed Single arch sheds are also called arched plastic 

sheds and spring and autumn sheds. At present, they are mainly divided into three types: cement 

pillar arch shed, steel pipe simple arch shed and new high temperature arch shed. Among them, the 

cement column and the steel pipe arch shed belong to the low temperature greenhouse, which is 

suitable for spring and autumn production; the new high temperature arch shed has better heat 

preservation effect due to the addition of insulation quilts, and the greenhouse has better heat 

preservation effect inside the greenhouse, which can meet the winter production needs of low 

temperature crops. 

1. Cement column arch shed 

 Application: Economic crops such as vegetables and flowers are cultivated in spring and autumn. 

Specifications: The span of the cement column is generally 16-24 meters. The skeleton structure is 

made of steel pipe and bamboo raft. The 1 or 1.2 inch hot-dip galvanized steel pipe is used as the 

main arch frame, and the cement column is used as the support, and then the greenhouse film is 

covered. Advantages: This greenhouse has a low cost and is more flexible in land use. A small plot 

can build a greenhouse. Disadvantages: Because the skeleton structure is relatively simple, the 

ability to resist wind and snow is weak; the interior has columns, which affects the internal 

operation space. 

2. Steel pipe simple arch shed Application: 

 Spring and autumn vegetables, fruits, flowers, edible fungi cultivation. Configuration: The span is 

generally 8-14 meters. The skeletons are all welded by hot-dip galvanized steel pipes or rectangular 
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pipes. There are manual film winders and insect nets on both sides of the greenhouse. Advantages: 

The cost is low, the overall skeleton structure is high in strength, and the land utilization rate is high. 

Disadvantages: Insulation heat storage capacity is weak, cannot meet the needs of winter production 

3. New high temperature arch shed Applicable:  

Cultivation of crops with low temperature requirements in winter. Configuration: The new high-

temperature arch shed is developed on the basis of the simple arch shed of steel pipe, the span can 

reach more than 20 meters; the reinforced skeleton structure is generally used, and the frame is 

processed by hot-dip galvanized steel pipe or elliptical pipe of 1.5 inch or more; There are two roller 

blinds on the top of the greenhouse. The shed is covered with a special greenhouse quilt to improve 

the insulation effect of the greenhouse. Advantages: The internal space is large, the maintenance 

operation is simple and convenient, and the winter has a certain heat preservation effect, which 

enables four seasons of production. Disadvantages: high cost, can only meet the growth needs of 

low temperature plants. In summary, the arch shed has the advantages of low cost, large land 

utilization and easy management. It is suitable for spring and autumn vegetables, fruits, flowers, 

edible fungi and other crops. The high temperature arch shed can also be used for high value-added 

succulents and flowers. Winter crop protection for crops. 

Multi-arched shed  

The continuous arch shed is built on the basis of a single arch shed, which is generally divided into 

a simple multi-arched arch shed and a high-corridor shed. The multi-arched arch shed is currently 

mainly used in production greenhouse such as breeding, flower production aquaculture, medicinal 

materials, and edible fungi cultivation.  

1. Simple multi-story arch shed 

 Applicable: Spring and autumn high-value vegetables, flowers, herbs, edible fungi and other 

cultivation. Configuration: The skeleton is made of hot-dip galvanized rectangular tube or round 

tube, the top is equipped with gutters, and the ventilation window is the same as the basic structure 

of the arch shed. Advantages: Large internal space, suitable for large-scale, factory operations, high 

land utilization. Disadvantages: The greenhouse cost is high, the cooling efficiency is low in 

summer, and the drainage requirements are high.  

2. High-rise multi-story arch shed  

Application: three-dimensional cultivation, flower breeding, aquatic breeding, seedling breeding, 

scientific research, etc. Specifications: High-profile multi-story arch shed is an upgraded version of 

the simple multi-span greenhouse, which increases the system of interior and exterior sunshade, 

wet curtain fan cooling, side- turn window ventilation, temperature increase and insulation. 

Advantages: 
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 Overcoming the problems of summer cooling and winter insulation, especially after adding 

double-layer film, it can effectively improve the winter greenhouse insulation effect and reduce the 

winter running cost.  

 

Disadvantages: 

The greenhouse has a relatively high cost and is suitable for industrial use with high economic 

efficiency. Under the premise of not adding double-layer film, the winter insulation effect is 

relatively general. Wenluo multi-span greenhouse The Wenluo multi-span greenhouse was 

introduced from Wenluo (Venlo) in the Netherlands. It was originally used for the cultivation of 

high-value crops such as flowers. It is the main greenhouse type for the production of vegetables, 

flowers and other plants in developed countries. The Wenluo-style multi-span greenhouse mainly 

consists of two glass slabs and a sun slab. The main difference lies in the covering materials, one 

for glass and one for sun panels. Of course, there are also cases in which individual film covers are 

used, but the price/performance ratio is not as good as the continuous arch shed, and the number of 

construction is small, so I will not introduce it here. Glass continuous greenhouse Applicable: 

Three-dimensional cultivation, scientific research and breeding, ecological restaurant, leisure and 

sightseeing, etc. Specifications: The span is generally 9.6-12 meters, and the opening is about 4 

meters. There is also an improved multi-story structure with a span of 16 meters and 8 meters, but 

the greenhouse cost is high. The basic configuration should include cooling of the wet curtain fan, 

ventilation of the fixed window, ventilation of the side window, external shading, internal shading 

insulation, insulation system, etc, such as moving seedbed, mobile sprinkler, three-dimensional 

cultivation, water and fertilizer system, photovoltaic system, etc. intelligent control system and 

other configurations, the system generally uses full electric control, the degree of automation is 

higher Advantages: beautiful appearance, high greenhouse grade; all steel frame structure, 

advanced design, strong wind and snow resistance, service life of more than 25 years; large 

operating space inside the greenhouse, large area can be connected, suitable for factories Chemical 

and large-scale production operations; the degree of automation in the greenhouse is high, and the 

expansion of the selection space is large. Disadvantages: high greenhouse cost and high investment 

cost; winter insulation needs to increase thermal insulation facilities; glass as fragile material, there 

is a safety risk in the use process, tempered glass and other high cost, not commonly used. 

3. Sunshine board multi-span greenhouse 

 Applicable: It is also suitable for greenhouse cultivation, scientific research and breeding, 

ecological restaurant, leisure sightseeing and other greenhouses. Specifications: Sunshine board 
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multi-span greenhouse and glass multi-span greenhouse structure are basically the same, are all 

intelligent multi-span greenhouses, the only difference is the cover material and the skeleton load 

strength. Advantages: Compared with the glass multi-span greenhouse, the cost is lower; the solar 

panel is lighter in weight and higher in safety; the solar panel has better thermal insulation effect; 

the all-steel skeleton structure is sturdy and durable, and has a long service life. Disadvantages: the 

light transmission efficiency of the solar panel decreases with the use time; the solar panel needs to 

be replaced after the aging is severe; the thermal insulation also needs to increase the thermal 

insulation facility. 

 

Economic Analysis of Greenhouse Irrigation 

The current growth trend of the human population, together with the evolution of consumption 

patterns, increasing demand and food waste are placing unprecedented pressure on agricultural 

systems and natural resources. Therefore, the supply of food is one of the greatest challenges that 

humankind must face in the twenty-first century.  

Agricultural ecosystems are the principal providers of food. Currently, approximately 275 million 

hectares are dedicated to irrigated crops throughout the world. This area is growing at an average 

annual rate of 1.3%. This accounts for just 23% of farmed land; however, 45% of total food 

production is obtained through these types of crops. In order to satisfy the food demand in 2050, 

world production must increase by 70%. This predicted increase in world food production implies 

an extension of farmed land or an intensification of the production on the land currently farmed. 

Economic objectives of greenhouse Irrigation: 

The greenhouse irrigation structure has the objective of protecting the crops, particularly from the 

variable climate conditions in order to create a stable microclimate. Technology has evolved to 

optimize greenhouse production systems, particularly with regard to irrigation, greenhouse 

structure, soil, energy use, climate control and pest control.  

Green house irrigation has been characterized by responding to clearly contextualized problems for 

a type of crop in a specific region with a particular climate, a specific resource endowment, within 

a legislative framework that conditions the use of products (fertilizers, herbicides, pesticides) and 

which serves a global market. 
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Low-Cost Greenhouses: 

The capital cost of a greenhouse structure is mainly affected by frame material and environmental 

control system used while covering material affect the cost of a greenhouse to less extent as in 

many cases it is fixed (i.e. polyethylene), but covering material required will change a bit 

depending upon the design dimensions.  

Following are the properties of low-cost greenhouses 

 Main approach to have cheap greenhouses is to use the locally available cheap material for          

greenhouse frames,  

 They must be strong enough to resist local wind forces 

 Frame materials should also possess good corrosion or weather resistance to atmospheric and 

soil moisture and against creatures like rodents, termites, etc.  

Glass greenhouses are most commonly used because they are good at retaining temperature, but 

glass installation difficulty and overall higher initial cost are the limiting factors in using glass 

houses for profitable commercial production. Polyhouse (greenhouse with polyethylene as a 

covering material) is a good option to glass greenhouse. The polyhouse has three sides (two end 

walls and one side wall) made from mud-bricks and polyethylene film is supported using wooden 

or bamboo poles. 

 

 

Typical greenhouse  
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Factors affecting the cost of greenhouse irrigation: 

Properly oriented naturally ventilated greenhouse (considering solar and wind paths) can produce 

more and help to reduce the production cost. The naturally ventilated low-cost greenhouses having 

more height (volume) respond slowly to outside changing weather and thus help to maintain 

uniform inside environment.  

 

Low-cost Greenhouse Design for Sustainable Agricultural Production after 

COVID-19 

According to social distancing and lockdown policies during the COVID-19 pandemic, many 

economic and social systems have been directly affected. Prolonged mobility restrictions have 

inevitably damaged the global economy. In the developed countries the poverty rate increased 

within three months while many developing countries in Southeast Asia, including Thailand, is 

predicted to decline gross domestic product (GDP) according to decrease in global trade, tourism, 

and investment. The COVID-19 situation being has affected most all occupations, including, 

aviation, retail, capital market, tourism, and oil while Micro, Small and Medium Enterprises 

(MSMEs).  

As part of agriculture, which is one of the most important sectors endorsing food security, the 

pandemic has interfered with the supply chain due to the lack of labor, production, and Distribution 

Company, especially in the crop, livestock, poultry, dairy, and fishery industries. 

The government’s immediate countermeasures included, for example, continuing agricultural 

production, resuming farmers’ work, supporting financial grants, providing agriculture technology, 

and providing assistance to low-income farmers.  

However, global food consumption is still unaffected according to the inelastic agricultural 

commodity demand and the shortage period of the stock.  

The global research trends in the field of greenhouse have focused on water and irrigation supply, 

the design of optimum greenhouse structure, soil conservation, energy use, climate control, and 

pest control. The challenge of this sector is the economic-financial feasibility among farmers, 

feedback loop between farmers and the needs of the sector, supportive systems from institutions or 

governments to farmers, and last, filling the gap between the technological knowledge and the end-

users’ tradition. 
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 The optimum greenhouse design therefore should generate RE or use RE to support 

mechanical as well as electric farming devices. 

 To replace the use of fossil fuels select alternative resources. Energy supply, in general, 

renewable energy (RE), for example, solar, wind, water, and biomass energy can be used. 

 The appropriate energy resource is solar energy, then, solar cells should be applied and 

amalgamated with provincial electricity for supporting any electrical system.  

 To promote the sustainability of Micro, Small and Medium Enterprises (MSMEs) all 

requirements from both owners and customers should be concerned. 

 The market price of each plant is the most important factor which should be considered 

before preparing the cultivation.  

 In the early business phase, farmers should not make any systems amalgamate with the 

Internet of Things technologies because they sometimes may not overcome the total cost of 

greenhouse farming. 

 The low-cost greenhouse model can be built immediately. However, the investment fund for 

grassroots or farmers is the most important challenge in this situation. 

Impact on Productivity and Food Prices 

The rapid increase in agricultural output resulting from the greenhouse production came from an 

impressive increase in yields per hectare. Between 1960 and 2000, yields for all developing 

countries rose 208% for wheat, 109% for rice, 157% for maize, 78% for potatoes, and 36% for 

cassava. Developing countries in Southeast Asia and India were the first countries to show the 

impact of the greenhouse production varieties on rice yields, with China and other Asian regions 

experiencing stronger yield growth in the subsequent decades. Similar yield trends were observed 

for wheat and maize in Asia.  

Widespread adoption of greenhouse technologies led to a significant shift in the food supply 

function, contributing to a fall in real food prices. Between 1960 and 1990, food supply in 

developing countries increased 12–13%. World food and feed prices would have been 35–65% 

higher, and average caloric availability would have declined by 11–13%. Overall, these efforts 

benefited virtually all consumers in the world and the poor relatively more so, because they spend a 

greater share of their income on food. 



 

Faisalabad Chamber of Commerce & Industries  75 

Limitations of Greenhouse Growth Strategies 

The greenhouse growth contributed to widespread poverty reduction, averted hunger for millions 

of people, and avoided the conversion of thousands of hectares of land into agricultural cultivation. 

At the same time, greenhouse irrigation the also spurred its share of unintended negative 

consequences, often not because of the technology itself but rather, because of the policies that 

were used to promote rapid intensification of agricultural systems and increase food supplies. 

Some areas were left behind, and even where it successfully increased agricultural productivity, the 

greenhouse production was not always the panacea for solving the poverty, food security, and 

nutrition problems facing poor societies. 

Poverty and Food Insecurity Persisted Despite the Green House Irrigation 

Success. 

In Asia, it has been estimated that each 1% increase in crop productivity reduces the number of 

poor people by 0.48%. For low income countries in general, the impact on the poverty headcount 

has been found to be larger from agricultural growth relative to equivalent growth in the non-

agriculture sector at a factor of 2.3 times. In sub-Saharan Africa, agriculture’s contribution to 

poverty reduction was estimated to be 4.25 times the contribution of equivalent investment in the 

service sector. 

Because the greenhouse strategy was based on intensification of favorable areas, its contribution to 

poverty reduction was relatively lower in the marginal production environments. In South Asia, the 

poorest areas that relied on rain-fed agriculture were also the slowest to benefit from the 

greenhouse, contributing to widening interregional disparities and an incidence of poverty that still 

remains high. Technologies often bypassed the poor for a number of reasons including: 

 Inequitable land distribution with insecure ownership and tenancy rights.  

 Poorly developed input, credit, and output markets. 

 Policies that discriminated against smallholders, such as subsidies for mechanization or crop 

and scale bias in research and extension. 

 Slow growth in the nonfarm economy that was unable to absorb the rising numbers of rural 

unemployed or underused people.  

Migration from less-favored rural areas has been cited as a strategy for poverty reduction; however, 

when migration out of rural areas occurs faster than the growth in employment opportunities, only 



 

Faisalabad Chamber of Commerce & Industries  76 

a transfer of poverty results rather than true poverty reduction associated with agricultural 

transformation. 

Gander played a major role in determining the distribution of benefits from the greenhouse 

irrigation. Women farmers and female-headed households are found to have gained proportionally 

less than their male counterparts across crops and continents. Technology transfer largely focused 

on male farmers, with few measures to address women’s technology needs or social conditions, 

and thus, they largely missed women farmers. Cross-country empirical evidence shows that women 

farmers are no less efficient than their male counterparts when using the same productive assets; 

however, women consistently face barriers to accessing productive resources and technologies. 

 

Greenhouse system from the lens of sustainability 

Greenhouse systems improve growing conditions of vegetable, fruit and ornamental crops. 

Greenhouse coverage protects plants from adverse atmospheric agents and, together with suitable 

equipment, influences and ultimately modifies the crop microclimate, thus lengthening the market 

availability of the products, improving their quality and allowing higher yields. Protected 

cultivation can be environmentally unfriendly, especially in areas with a large concentration of 

greenhouses. Therefore, the steady worldwide increase in the area covered by greenhouses has 

generated the need for developing sustainable protected horticulture.  
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Map of the distribution of the reviewed greenhouse cooling technologies worldwide. 

Sustainable greenhouse horticulture can be achieved by means of different cultivation techniques, 

adequate equipment management and innovative materials aimed to reduce agro-chemicals and 

energy use, water consumption and waste generation.  

The achievement of optimal greenhouse microclimate conditions, the application of integrated pest 

management strategies and the use of innovative closed-loop fertigation systems with water 

recycling result in a significant reduction of plant diseases and, consequently, of agro-chemicals 

use and in a decrease in the consumption of both water and fertilizers as well as in the 

contamination of water bodies associated with nutrient leaching. 

 

Layout of a closed-loop substrate culture. The nutrient solution is supplied by drip irrigation and 

the drainage water is recollected and reused after disinfection and the adjustment of pH and 

electrical conductivity (EC). 

Optimal climate control and reduction of energy consumption can be obtained by using suitable 

active and passive systems including proper control strategies for equipment and the use of 

innovative covering materials. Renewable energy sources and technologies, such as solar thermal 

and photovoltaic systems, can be used to reduce fossil fuel consumption for climate control. Waste 

generation mainly concerns the use of materials such as covering and mulching plastic films that 
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must be disposed of at the end of their life; the introduction of innovative biodegradable materials 

can reduce this kind of waste, improving crop sustainability.  

 

Solar thermal flat collectors mounted on the south-facing greenhouse surface at the experimental 

farm. 

Towards delivering on the sustainable development goals in greenhouse systems 

A framework that enables a more holistic evaluation of the performance of greenhouse production 

systems against rigorous sustainability indicators. It includes environmental impacts as well as 

social aspects of the SDGs (SDG2-zero hunger and SDG3-good health and well-being). Social 

components often lack attention in environmental studies on greenhouse production. Among all 

systems, conventional, high-tech greenhouse systems obtained positive scores on eight indicators 

of the 14 assessed, showing the best performance overall for achieving sustainable development. 

This is followed by organic, low-tech systems (positive scores on four indicators). Conventional, 

low-tech and organic, high-tech systems were found to contribute less towards achieving the SDGs 

(positive scores on two indicators). 
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Identified synergies and trade-offs between seven selected SDGs 

Synergies and trade-offs between SDGs  

SDG2 (zero hunger) is fundamental to achieve all SDGs. However, trade-offs amongst goals and 

sub-goals are inevitable and require informed and deliberate choices by decision-makers. the scale, 

scope, and complexity of agri-food systems and their linkages to natural and human systems mean 

that as societies strive to achieve SDGs, there will be inevitable trade-offs among and between key 

impact areas such as, for instance, nutrition and food security; gender equality, youth, and social 

inclusion or climate adaptation, greenhouse gases (GHG) reduction; environmental health and 

biodiversity. For example, in some areas, food production needs to be substantially increased to 

meet consumer needs.  

This, however, also increases the use of natural resources and drives GHG emission (SDG14: life 

below water and SDG15: life on land). SDG12 (responsible consumption and production) is a 

prerequisite for achieving the sustainable development of greenhouse production, due to its 

positive associations with other SDGs. For example, efficient use of natural resources and reducing 

and managing chemical emissions are two main components to achieve SDG12.  

These also are the keys for maintaining good health (SDG3), fresh-water ecosystems (SDG6, 

SDG15) and marine systems (SDG14), and achieving a land degradation-neutral world (SDG15). 

However, the achievement of SDG12 may restrict the crop productivity which is the core of 

eliminating hunger (SDG2). Some researchers have stated that interactions between SDGs differ 

with the context of the evaluation. 
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Outlook to 2030 

Based on current technological trends, high-tech greenhouse systems will remain the most efficient 

systems for water and land use. Their ability to substantially extend the harvest season can make an 

important contribution towards achieving SDG2 (zero hunger), SDG12 (responsible consumption 

and production) and SDG15 (life on land). Since yields are already very high in conventional, 

high-tech systems, there is more potential for low-tech systems to substantially increase their 

productivity. To comply with the Dutch regulation targeting zero emissions of nutrients and PPPs 

from greenhouses by 2027, growers have actively reduced N emission, and are expected to reduce 

the N emission to zero by 2030. It has been shown that through using advanced techniques, 

residues of PPPs can be removed with 98% effectiveness. For soil-based greenhouses, the most 

effective way of reducing N emissions is to apply nutrients and water with more precision.  

However, it is very unlikely that N emissions from soil-based cultivation systems can be 

eliminated. Both zero emission of nutrient and pesticide residue can be achieved through 100% re-

use of drain water in conventional, high-tech greenhouses. In the Netherlands, conventional, high-

tech greenhouse technologies have considerable potential of contributing towards achieving SDG3 

targets (good health and well-being), SDG6 targets (clean water and sanitation) and some targets 

under SDG12 (responsible consumption and production).  

However, fossil fuel-based energy use for greenhouse heating will remain an environmental 

concern in high-tech systems regardless of the application of artificial lighting, even with possible 

increases in the use of renewable energy (e.g. all electric greenhouses). 
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Conclusion: 

Greenhouse technology is becoming an increasingly indispensable and a viable solution for 

modern methods of crop production. Technological advances have lessened the effect of severe 

weather conditions on the yield of greenhouse crops in hot climates. Cooling is crucial to guarantee 

the required range of temperatures and humidity inside the greenhouse. The review revealed that 

the combination and simultaneous usage of natural ventilation, evaporative cooling and shading 

has the potential to reduce greenhouse energy requirement and provide optimum indoor conditions 

required to maximise crop yields in greenhouses in hot climates. Hybrid cooling systems must be 

assisted by an effective control strategy to ensure that the required temperature and humidity levels 

and distributions are maintained in the greenhouse. 

An ideal soilless growing system must be economical, flexible and environmentally safe. Instead, 

soilless culture is still a capital-intensive technology and, in case of free-drain system, it may 

results in a huge waste of water and fertilizers. Moreover, it needs a skilful management of both 

fertigation and climate management to exploit the most of its numerous and undoubted advantages. 

Indisputably, the phase out of methyl bromide and other substances for soil disinfection has 

stimulated the application of soilless culture in greenhouse crops. However, it is difficult to predict 

to what extent this growing method will develop on a commercial scale, since in many countries 

protected horticulture is still based on small operations, which use simple, low-cost technologies 

and for which the investment in hydroponic culture is often risky. 

Recommendations for future research and development are proposed. From the reviewed studies, it 

is highlighted that the combination and simultaneous usage of natural ventilation, evaporative 

cooling and shading has the potential to reduce greenhouse energy requirement and provide 

optimum indoor conditions for year-round cultivation. Studies have shown that the combination of 

ventilation and/or evaporative cooling with shading can lower the greenhouse air temperature by 

up to 10 C and increase the relative humidity by up to 20%. A hybrid cooling system must be 

assisted by an effective control strategy to ensure that the required temperature and humidity levels 

and distributions are maintained in the greenhouse. Electricity generated from a hybrid system 

consisting of a grid connected solar photovoltaic panels and heat pump can provide 33.2e67.2% of 

the greenhouse demand in the summer periods. Ground cooling system can reduce the air 

temperature in greenhouses by up to 12 C. 

In addition, the use of groundwater can enhance indirect-direct evaporative cooling system's 

efficiency higher as compared to direct evaporative cooling. In hot and humid areas where airflow 



 

Faisalabad Chamber of Commerce & Industries  82 

requires to be dehumidified to the required growing conditions, solar regenerators can be combined 

with desiccant assisted cooling systems to provide the heat required for regenerating the 

dehumidifying ability of the desiccant. Greenhouse aspects and technologies must be incorporated 

early on to completely realize their potential for the optimization of the greenhouse design and 

avoid the problems of late incorporation in the development cycle or ensuing in-situ installation. 

The impacts of external climatic conditions and interior greenhouse components on its 

microclimate should be more investigated.  

Considerable focus should be oriented towards studying the impacts of rate of shading and its 

configuration on the distribution of air temperature, humidity, solar radiation, photo synthetically 

active radiation in crop zones and the uniformity of crop growth/productivity. Another potential 

area to explore is the integration of fogging methods and movable shading according to growth 

stage. More investigation is required regarding the ventilation rates, transmissivity of screen and 

nozzle densities. Improving greenhouse cladding can be achieved by changing the raw materials of 

glass type or by the addition of microstructural treatment or coatings to the surface, which 

influences the light reflection and transmittance, in order to mitigate NIR. On the other hand, for 

greenhouses in tropical and sub-tropical countries, the addition of NIR blocking additives to plastic 

films must be explored further. 
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