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Introduction

Protected agriculture:  the modification of the natural environment to achieve controlled or improved plant growth.

Protected agriculture can include:
1. Mulches of organic or synthetic materials placed on the soil around the plant.

2. Shade cloth to protect plants against high light intensity.

3. Plastic row covers to protect young plants against the cold early in the season

4. Totally enclosed structures, or “greenhouses”

Controlled environment agriculture (CEA): 

The “ultimate” in protected agriculture. The growing of plants, usually in a greenhouse or totally enclosed structure (e.g., growth chamber), with control at the aerial and root levels of emperature, humidity, gas composition, light, water, growing medium and plant nutrition.

What is a greenhouse?

A greenhouse is a generic term referring to the use of a transparent or partially transparent material supported by a structure to enclose an area for the propagation and cultivation of plants. Greenhouse or polyhouse refers to the use of plastic films or plastic sheeting. Greenhouses may make use of supplementary heating to maintain required internal temperature or rely on air warmed in the day to maintain a minimum temperature night. When the enclosing material is woven otherwise constructed to allow sunlight, moisture and air to pass through the gaps, the structure known as a shade house.

· A framed or inflated structure used for cultivating plants. 

· It is covered with a transparent material that allows for optimum light transmission of the appropriate wavelengths (i.e., photosynthetically active radiation or PAR).

· It protects against adverse climatic conditions.

· Control of the environment to achieve goals (e.g., opt. yield, etc.)

Advantages of the greenhouse

Reducing or managing risk is a key to business success. All businesses suffer ‘business risk’. This includes competition, variable input costs and uncertain returns. In horticulture, an extra problem is ‘environmental risk’ causing uncertain levels production, difficulty in forecasting when you will have product to sell and even producing for when prices are likely to be higher. 

A better quality product can be achieved by eliminating adverse environmental conditions using a greenhouse to: 

1. Provide an optimum growing environment

2. Create longer growing seasons

3. Grow crops out of season

4. Get faster growth and higher yields

5. Grow different varieties

6. Protect crops from cold weather, hail, damaging wind and rain

7. Keep pests and diseases out of the crop.
A greenhouse must provide protection from adverse “abiotic” conditions such as heat cold rain wind sleet hail snow salt blowing sand. Structures can also be built to protect plants against “biotic” factors, for example, cages covered with insect or bird netting to protect against insect and bird predation, respectively.  However, these structures will not be considered here.
Design loads
1. Dead Load: the greenhouse framing and everything hanging from it including the covering (covering), pipes, heaters, fans, pads, shade cloth, motors, support cables AND any hanging crops or baskets in place more than one month.

2. Live Load: transient greenhouse assembly or repair equipment, people (not swinging from the rafters) who must climb onto the structure to perform various repairs, cleaning, servicing, etc. AND any hanging crops (e.g., tomatoes, peppers, cucumbers) or baskets in place less that one month.
3. Wind Load: the load, in pounds per square foot, placed on the exterior of the greenhouse by wind.  This will depend on:
· The angle at which the wind strikes the greenhouse.

· The shape of the greenhouse (height, width, number of bays, etc.).

· Whether or not vents, doors, etc. are open or closed.

· Depending on the location, a typical “wind load” is 80 mph.
4. Snow Load: the load, in pounds per square foot, placed on the exterior of the greenhouse by snow accumulation.  The type of snow makes a difference:

· 12 inches of dry snow equals 5 pounds per square foot of load.

· 3 inches of wet snow also equals 5 pounds per square foot of load.

· 9 inches of wet snow can collapse a greenhouse

When it starts to snow hard – increase the heat in the greenhouse to melt it.

Early snow will melt easily.  Succeeding snows will slide off.
Greenhouse Components
Growers who decide to cut expenses with used materials or to build a greenhouse themselves should be careful to weigh structural soundness along with cost. The following section details some of the characteristics that growers should look for in greenhouse components.

1. Frame: The principal consideration in selecting the frame is its load-bearing requirement. Each manufacturer will specify the appropriate bow spacing depending on the strength of the tubing. The closer the bow spacing of a given stub strength, the greater the strength of the structure, and the greater the expense.

2. Covering (Glazing):The particular polyethylene described in this example has a 3-year service life. To provide maximum energy savings, the two layers must be separated with an air blower. Polyethylene covering materials are rated with a 1-, 2-, or 3-year service life. Special additives can be incorporated into the plastic to reduce heat loss. 
4. Cooling and ventilation systems: Greenhouses need exhaust fans to exchange inside and outside air and to equalize temperatures within the house. If the house is not used for summer production, the vent and cooling pad can be eliminated, and a motorized inlet vent installed.
5. Floor: In the greenhouse, heavy plastic is spread on the floor to provide a weed barrier. Gravel is laid on the plastic in the aisles. Growers, however, may choose from a range of floor types--from bare ground to concrete--depending on the intensity of use and availability of capital.

6. Installation of power and utility sources: Well-drilling costs depend on the flow rate desired and the depth of the well. Many gas companies provide the above ground liquid propane storage tank at no charge.
7. Benches: Although plants can be gown on the ground, accurate temperature control is difficult to achieve. Benches, therefore, are recommended. There are a variety of bench styles available. 
Building a greenhouse

Getting started

A large range of greenhouses is available commercially 'off-the-shelf and most greenhouse manufacturera will build to your requirements. The type of structure you select will depend on what you are trying to achieve. Do you need a warm, sheltered polyhouse for propagation, or an efficient, labour saving vegetable production facility which is affordable? It is important to identify exactly what you plan to use the greenhouse for, before making decisions about designs and costs.

Many people in the first instance prefer to build their own (it can be cheaper) and later upgrade to more sophisticated designs. However, it is often easier to build new greenhouses than to adapt existing structures to new technology.

When making an investment in protected cropping, do your sums, plan your business and consider the economies of different sized operations. Larger greenhouses can be more efficient and profitable per dollar spent.

Questions to think about

· What crops are you intending to grow?

· What volume of production are you aiming for?

· Are you going to use hydroponics?

· What is your source of water? Is it good quality?

· What is your expected return?

· How much can you afford to invest in a structure?

· Will   you   need   heating   and/or   complete environmental control?

· Should you consider insect-proof screening? If so, what will you need to do to ensure adequate ventilation?

· What equipment or machinery (for planting, harvesting and spraying) will you be using in the greenhouse?

· Will you need to automate the environmental control functions?

Framing Materials

Greenhouses may be constructed from several different materials. Among the most popular are aluminum, steel and wood. 
Wood:  
Due to increasing cost and availability of more suitable materials, wood is no longer generally used in large commercial greenhouse construction. If used for smaller greenhouses or in areas where other types of framing materials are not available, wood must be treated for protection against decay, especially the sections that come in contact with the soil.  Treatments must be non-toxic to plants and animals. 
Reinforced concrete: 
Usually used for the greenhouse foundation and low walls.
Steel (galvanized):  
Almost all steel used in greenhouses today is single or double dip galvanized to protect against corrosion.  It may be used in conjunction with aluminum.  It is usually protected from direct contact with the ground (and subsequent corrosion) by being encased in concrete.

Aluminum:  
It may be used alone or in conjunction with galvanized steel.  It is much lighter than steel but is only about one half the strength of an equally sized steel member.  It is usually protected from direct contact with the ground (and subsequent corrosion) by being encased in concrete.
Covering materials

Important Characteristics of Greenhouse Covering Materials

1. Cost: All aspects of cost need to be considered. These include the initial cost of the covering material, structural support costs, life span of the covering and thermal conductance of the covering. A covering material that has a high initial cost when compared to other covering materials may be more economically attractive if it has a long lifespan or has a low thermal conductivity.

2. Life span: A short life span means frequent replacement. Therefore, the initial cost of the covering may be low as compared to other coverings, but after the covering is replaced several times, it may become less economically attractive than one with a higher initial cost and a long life span. 

3. Strength: The stronger the greenhouse covering the more resistant it is to breakage from debris or weather events such as high winds and hail. Therefore, the higher the strength, the lower the probability of breakage and the resulting costs associated with replacing the covering. 

4. Weight: The heavier the covering material, the higher the dead load on the structure. To account for the increased dead load, a stronger support structure is required. This results in increased costs and may result in a reduction in greenhouse light levels due an increase in obstructions by the support structure. 

5. Light transmittance: The higher the light transmittance of a covering, the higher the amount of sunlight that can penetrate the covering and enter the greenhouse. In northern climates and in the winter, light is often the limiting factor for photosynthesis. Therefore, maximizing the amount of natural sunlight entering the greenhouse is desirable. Sometimes, such as in summer or in southern or equitorial locations, the amount of light entering the greenhouse is above optimal levels. In these situations, a shadecloth or shading compound may be used to temporarily reduce the amount of light entering the greenhouse. When light levels drop below optimal, the shading material is removed. Light transmittance of a covering is not constant. As a covering ages, it tends to have a reduction in its light transmittance due to scratching from dust and debris and aging or "yellowing" of the covering material due to U.V. exposure.

6. Thermal conductance: This is the rate at which heat energy moves through a covering material and is expressed as Btu loss/ ft2/hr/(oFinside - oFoutside). Generally, a low thermal conductance is desired in order to minimize heating costs.

7. Scratch resistance: Dust, soil particles and other debris can scratch the covering. Scratching reduces the light transmittance of the covering and can therefore result in reduced light levels inside of the greenhouse.

Common Greenhouse Covering Materials
1. Glass: Different thicknesses are available. Typically single layer glass used for greenhouses has a light transmittance of 88% to 94% when used as a single layer and 77% as a double layer. Glass tends to have a higher thermal conductance (1.1 - 1.3) than many other coverings. Glass is resistant to heat, U.V. light, and abrasion. Glass is expensive to purchase and install and requires special supports to hold the glass panels in place and support their weight. Glass also has a low impact resistance. However, glass has a long life span often exceeding 25 years. Most commercial greenhouses no longer use glass as a covering because of the high weight and cost. However, safety glass is often used in botanical centers and conservatories.
2. Polyethylene film: Polyethylene film is a common greenhouse covering that is particularly adaptable to quonset structures because of its flexibility. It is low in cost, light-weight, and easy to install. Typically standard polyethylene film has a light transmittance of 85% to 87% for a single layer of film and 76% for a double layer. Thermal conductance is 1.2 for a single layer and 0.7 for a double layer. However, these values may vary by brand, because additives may be included in the film to increase life-span, reduce condensation or reduce heat loss. These additives may be sprayed on or included in the film through a process known as coextrusion. During the process of coextrusion, three layers of polyethylene are laid down to form a single sheet of polyethylene film. Each layer may have materials included that alter the properties of the film.
Polyethylene is short-lived in comparison to other coverings. Without additives, polyethylene will last only one to two years before needing to be replaced. This is because it is very susceptible to degradation by U.V. light. However, if additives are included that make the material more resistant to U.V. light, polyethylene covering may last for three to fours years. In the coextrusion process U.V. inhibitors are added to the outer layer of film to reduce the impact of U.V. light and increase the life span of the film.

Polyethylene has a high thermal conductance. However, some brands of polyethylene films have an I.R. (infrared) inhibitor added to the inside layer of the film. This reduces the heat loss through the covering.

Another problem with polyethylene covering is that of condensation and dripping. Because of the difference between inside and outside air temperatures, water vapor tends to condense on the surface of polyethylene film inside of the greenhouse. Because the film is very hydrophobic, the water tends to bead and collect on the surface until large enough drops are formed that they fall from the covering onto the plant materials below. This dripping of water from the covering onto the plants can result in increased disease incidence. An additive may be sprayed onto the film or incorporated into the film that essentially acts as a wetting agent. This prevents the beading of water and allows smaller droplets to form that run down the covering and to the floor.
3. Fiberglass Reinforced Polyester: Fiberglass reinforced polyester (FRP) panels are relatively strong, light weight, and low in cost. The panels are rigid and usually corrugated. New single panels have a light transmittance of up to 90% while double panels have a light transmittance of 60% to 80%. Thermal conductance for single corrugated panels is approximately 1.2. Panels can be easily attached to metal or wooden frames with screws and rivets. However, FRP is highly susceptible to U.V. degradation. Exposure to U.V. light causes yellowing (after only 1 or 2 years for untreated panels) of the panels and a reduction in the light transmittance. New types of FRP are treated with a U.V. inhibitor. Whereas traditional panels had a life span of only about 2 to 3 years, treated panels can have a life span of 10 years or longer. Another serious problem with FRP panels is that they are highly flammable. Some new FRP panels are treated with a flame retardant. 
Types of additives to covering materials
1. UV (290–400 nm) absorbers and stabilisers increase durability, reduce the potential damage to biological systems in the greenhouse and may control some plant pathogens.

2. Infrared (700–2500 nm) absorbers reduce long wave radiation and minimise heat loss.

3. Surfactants reduce the surface tension of water, dispersing condensation.

4. Antistatic agents reduce the tendency of dust to accumulate on plastic films.

Greenhouse Site Selection
Careful planning prior to construction is an essential first step in the development of a successful, profitable greenhouse production system. Before anything else, the site of the operation must be chosen. Ideally, many sites should be objectively evaluated for their suitability to the proposed project. However, the property being considered for the greenhouse may already be owned by the potential investor. Under these circumstances, the investor should be especially careful to fairly appraise the site.

1. Regulations and Services

The first consideration is whether the site satisfies local regulations and has access to required services. The proposed site must meet local zoning requirements and the intended greenhouse operation must meet local construction, water, and environmental permitting requirements. In addition, the availability and cost of installing utilities must be considered. If electrical service or municipal water is already available, the need for an upgrade in service must be evaluated. Access to good roads should also be considered. Transportation requirements to the greenhouse site relate directly to the intended operation's size and marketing arrangements.

2. Water Availability and Quality

High quality water is an essential part of any type of greenhouse production. Water obtained from a shallow or surface source may carry nematodes, pathogenic bacteria, fungi, algae, or weed seeds into the greenhouse system. This is especially true if the water is drawn from ponds or streams that drain agricultural land. Shallow wells should not pose a problem, but if a well's casing is cracked or improperly installed it will be more prone to contamination from surface water problems than a deep well.

Although water is usually obtained from deep wells, generally municipal systems can also supply water of adequate quality for hydroponic greenhouse production. However, before becoming totally dependent on city water, the economic costs should be considered. Regardless of the water source, samples should be tested for suitability by a local Extension agent. A complete water analysis is critical and should include at least: pH, electrical conductivity, bicarbonates, iron, sulfur, calcium, and magnesium.

3. Physical Site Requirements

The site should not be shaded by trees or other structures either on the same or adjacent property. The initial dimensions of the site should be specified with these two criteria in mind.

The greenhouse site and adjacent areas should be relatively level. 

Level sites allow the construction of large greenhouses that are more economical to heat and cool on an area basis than small greenhouses. Large greenhouses on level sites are also easier to automate than small greenhouses. Starting with a nearly level site reduces the amount of earthwork required to provide a level building site. A level site also eliminates workers having to climb slopes carrying or pushing heavy loads.

The site should have some elevation and be well drained to avoid flooding during heavy rainstorms. After preparation, areas adjacent to the greenhouse site should have at least a 2% slope away from the house site to promote the runoff of rainwater. If the site is located in a poorly drained area, then drainage ditches or underground tiles can be used to provide drainage.

4. Forward Planning

As suggested above, the future intentions of the local government and business community should be taken into account during site selection. For example, future environmental restrictions will most likely require safe disposal of discharge water to avoid contamination of lakes, streams, or groundwater. So, plans should be made for the construction of facilities to handle discharge water effectively, especially for hydroponic systems. This could include an overland spray system or drain percolation field.

For long term investors, the physical site should be large enough to allow for possible future expansion. Potential adjacent areas for expansion should be clear of any shading throughout the growing season. Placement of power service poles and power lines should be carefully considered to avoid conflicts with possible future expansion. 

The greenhouse should be located where it gets maximum sunlight. The first choice of location is:
· The south or southeast side of a building or shade trees. Sunlight all day is best, but morning sunlight on the east side is sufficient for plants. Morning sunlight is most desirable because it allows the plant's food production process to begin early; thus growth is maximized. 
· The next best sites are southwest and west of major structures, where plants receive sunlight later in the day. 

· North of major structures is the least desirable location and is good only for plants that require little light. 
Deciduous trees, such as maple and oak, can effectively shade the greenhouse from the intense late afternoon summer sun; however, they should not shade the greenhouse in the morning. Deciduous trees also allow maximum exposure to the winter sun because they shed their leaves in the fall. Evergreen trees that have foliage year round should not be located where they will shade the greenhouse because they will block the less intense winter sun. Remember that the sun is lower in the southern sky in winter causing long shadows to be cast by buildings and evergreen trees.
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Figure 1: Select location carefully. Note where the shade line occurs in both the winter and summer.

Good drainage is another requirement for the site. When necessary, build the greenhouse above the surrounding ground so rainwater and irrigation water will drain away. Other site considerations include the light requirements of the plants to be grown; locations of sources of heat, water, and electricity; and shelter from winter wind. Access to the greenhouse should be convenient for both people and utilities. A workplace for potting plants and a storage area for supplies should be nearby.
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Types of greenhouse structures
1) Attached Greenhouses
I) Lean-to 
A lean-to greenhouse is a half greenhouse, split along the peak of the roof, or ridge line (Figure 3), Lean-tos are useful where space is limited to a width of approximately seven to twelve feet, and they are the least expensive structures. The ridge of the lean-to is attached to a building using one side and an existing doorway, if available. Lean-tos are close to available electricity, water and heat. 
The disadvantages include 
1. Some limitations on space
2. Sunlight
3. Ventilation

4. Temperature control. 
The height of the supporting wall limits the potential size of the lean-to. The wider the lean-to, the higher the supporting wall must be. 
Temperature control is more difficult because the wall that the greenhouse is built on may collect the sun’s heat while the translucent cover of the greenhouse may lose heat rapidly. The lean-to should face the best direction for adequate sun exposure. Finally, consider the location of windows and doors on the supporting structure and remember that snow, ice, or heavy rain might slide off the roof or the house onto the structure.
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Figure 2A. Different types of greenhouses allow many options




Figure 3: Different types of lean-to greenhouses.

II) Even-span:
An even-span is a full-size structure that has one gable end attached to another building (Figure 4). It is usually the largest and most costly option, but it provides more usable space and can be lengthened. The even-span has a better shape than a lean-to for air circulation to maintain uniform temperatures during the winter heating season. An even-span can accommodate two to three benches for growing crops.
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Figure 28. Different types of greenhouses allow many options




Figure 4: An even-span attached to a garage allows a larger greenhouse in a limited space.
2) Non attached greenhouses
I) Low tunnels 

Low tunnels are basically row covers supported on wire hoops. They are often used in conjunction with black plastic mulch and drip irrigation. The covers are generally in place for only three or four weeks and then removed. 
Besides providing an excellent means of extending the growing season, low tunnels also offer wind protection. 
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Once hoops are set, the plastic cover is applied with the edges of the plastic secured by burying in the soil. Modifications have been made on this basic design to allow for daytime ventilation when temperatures within the plastic begin to rise to dangerous levels. While cucurbits are more tolerant of high temperatures, ventilation is a must for some crops such as tomato and pepper. One way to provide ventilation is to simply place slits in the plastic to allow the heat to escape. An alternative system involves using two narrower sheets of plastic with a seam at the peak of the hoops. This seam is secured by clothespins, which can be removed to open the tunnel for ventilation. 

II) High tunnels 
It is a simple, relatively permanent stand-alone greenhouse up to 15 feet wide and 8 to 9 feet high, with or without heat. It can be placed over ground beds so you are essentially gardening in a greenhouse. Vegetables, small fruits and flowers can be grown using high tunnels. 
High tunnels generally have Quonset-shaped frames covered with a single layer of greenhouse-grade polyethylene. The frames can be constructed of metal pipe or wood. There can be problems in attaching the plastic to the wood frame, and in this regard metal pipe is easier to work with. Research is being conducted on the use of PVC frames; however, additional work still needs to be done before recommendations can be made. 
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The plastic cover is put into place on the first of February after which seed is sown. The cover can be removed after the last frost-free date in mid-May and then replaced October 1. High tunnels are ventilated by manually rolling up the sides each morning and rolling them back down in the evening. High tunnels do not have any external connections, except for the water supply for trickle irrigation. While they do not have a permanent heating system, some growers choose to have a portable heater available for unexpected drops in temperature. 

While lacking the precision of the environmentally controlled greenhouse, high tunnels do moderate the environment sufficiently to improve crop growth, yields, and crop quality. The yield is often double the amount that could be produced in the field without the tunnel. A combination of an earlier planting date, along with the more rapid ripening that occurs within the tunnel, can result in mature tomatoes as much as one month earlier than field tomatoes. In addition, when vented properly, serious foliar and fruit diseases are often fewer since plant surfaces remain dry while in the protective environment of the high tunnel. 
III) Conventional greenhouses 

Conventional greenhouses may be 20 feet or more in width and 100 feet or more in length with frames of aluminum, galvanized steel or wood. 

Covering or coverings are typically glass, rigid clear plastic, or polyethylene. If only a single greenhouse is required, it can be built as a stand-alone unit. However, when multiple houses are needed, either initially or as part of a future expansion, the greenhouses should be gutter-connected for more efficient use. 

The greatest advantage to a conventional greenhouse is the ability to completely control the environment to suit the plants being produced. Today this is called controlled-environment agriculture, or CEA. These greenhouses have heat, mechanical ventilation and an irrigation system that can also be used to distribute liquid fertilizer. 
A monitoring device is essential for determining whether the greenhouse conditions are within the proper range the crop requires. Greenhouses may also have benches and various other machinery and hand equipment to aid in the production and handling of the crop. 

Greenhouse conditions that favour plant growth also favour the rapid build-up and spread of insects and diseases. Prevention and careful monitoring are the keys to insect and disease control. Water aeration in the irrigation system can help to reduce water molds. Insect screening on the sidewalls may be necessary for some crops if sidewall ventilation is used. Pesticides must be applied properly and legally. Weed control under benches and around the greenhouse will also help reduce insect pests and disease problems, but herbicides are not applied in greenhouses. 
Greenhouse Frames

Greenhouse frames range from simple to complex.

1. Quonset: 
The Quonset is a simple and efficient construction with an electrical conduit or galvanized steel pipe frame. The frame is circular and usually covered with plastic sheeting. Quonset sidewall height is low, which restricts storage space and headroom.

2. Gothic: 
The gothic frame construction is similar to that of the Quonset but it has a gothic shape (Figure 2). Wooden arches may be used and joined at the ridge. The gothic shape allows more headroom at the sidewall than does the Quonset.
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Figure 3. Greenhouses can have a variety of different structural frames.




Figure 1: Greenhouses can have a variety of different structural frames.
3. Post and rafter and A-frame. 
The post and rafter is a simple construction of an embedded post and rafters, but it requires more wood or metal than some other designs. Strong sidewall posts and deep post embedment are required to withstand outward rafter forces and wind pressures. Like the rigid frame, the post and rafter design allows more space along the sidewalls and efficient air circulation. The A-frame is similar to the post and rafter construction except that a collar beam ties the upper parts of the rafters together.

Greenhouse Heating Requirements
For most climates, there exists at least a period of time during the year where the ambient temperatures outside are too low for crop production, or the low temperatures would result in significantly reduced crop productivity. This is the primary reason behind greenhouse-based agricultural production, whether it is for ornamental plants, forestry, or vegetable crops. Therefore, providing heat energy to maintain optimal temperatures within the greenhouse (or hotbed, growth chamber, etc.) is a critical function in greenhouse management.

Heat energy may be measured as calories, joules, and even horsepower. However, most often it is measured as British thermal units (Btu). A Btu is the amount of heat energy required to raise 1 pound of water 1°F. 

In greenhouse heating, we are concerned with replacing heat at the rate that it is lost from the greenhouse. There are 3 ways that heat is lost from greenhouses: 
1. Conduction: is the loss of heat energy through the glazing, metal purlins, barcaps, doors, and fans. The vast majority of conductive heat loss is through the glazing, and most heat loss from greenhouses occurs through conduction. 

2. Infiltration/exfiltration: is the heat energy loss through cracks between or around glass panels, doors, and fans by mass airflow. Even in a well-designed "tight" greenhouse, up 10% of total heat loss may be by infiltration. 

3. Radiation: is the heat energy loss due to the emission of radiant energy from a warm body (greenhouse) to a cold object (outside objects) with little warming of the air. Glass, vinyl plastic, FRP, and water do not readily allow the passage of radiant energy, whereas polyethylene film readily allows the passage of radiant energy.

Main advantages of heating greenhouses (tomato):

1. Regulated growth and development

2. Good plant fertility and fruit set

3. Efficient absorption  of nutrients by plants

4. Improved quality of fruit color and shape

5. Continuous and reliable product supply to the market and for export

6. Reduced use of pesticides

Heating methods

There are three main methods for heating greenhouses:

1. Heating with hot air: Hot air circulates through perforated plastic sleeves that are placed in the paths between the plant rows or between row pairs.

2. Heating with hot water: Heat transmitted by hot water flows through a system of metal pipes that are positioned along the plant beds or in the paths between the rows. These are also used for moving and operating equipment and as an accessory for greenhouse treatments.

3. Combination of the two systems: hot water system and distribution of heat through heat exchange using sleeves

Heat Distribution

After heat is generated, it must be distributed throughout the greenhouse facility. Even distribution of heat, without having cold or hot spots, is an important but often neglected aspect of greenhouse heating. Uneven temperatures can result in uneven crop growth rates, variation in maturation times, and can affect substrate drying rates.

When a central heating system is used to produce hot water or steam, a system of pumps and pipes are used to distribute the heat energy throughout the greenhouse. Pipes may be made of cast iron, aluminum or copper. Hot water is usually supplied to the greenhouse at 82° C or 95° C if it is pressurized. Steam is usually supplied at 102° C. Because less resistance occurs in moving steam, smaller diameter pipes can be used for steam as compared to hot water. Also, because steam is delivered at a higher temperature, it provides more Btu's than hot water per linear foot of pipe. Therefore, fewer pipes are needed when using steam.

When using a central heating system, placement of pipes is very important in order to minimize heat loss and maximize heating efficiency. The actual arrangement of pipes depends upon the amount of pipe needed to provide enough Btu's to heat the greenhouse. This depends upon whether steam or hot water is being used and the type of pipe being used.

When steam or hot water is used for heating, the steam or hot water must first be distributed through pipes and then the heat given off by the pipes must be distributed. When unit heaters are used, heated air is directly discharged into the greenhouse. The primary concern then becomes one of evenly distributing the heated air. If unit heaters are used to heat greenhouses, a temperature gradient can occur along the length of the greenhouse. Temperatures will be warmer closer to the unit heater. Several strategies may be employed to minimize the temperature gradient along the length of the greenhouse. 
Fuel Sources 

There are many considerations when deciding upon a fuel source. These include availability, cost, price volatility, pollution regulations, storage requirements, equipment requirements, boiler requirements, and maintenance requirements.

	Common Fuels Sources Used for Heating Greenhouses and Their Characteristics

	Fuel Source
	Characteristics

	Natural Gas
	low cost; clean burning; no storage tanks required; simple inexpensive system with generally low maintenance costs

	Oil 
	more expensive than natural gas; requires more boiler maintenance because it does not burn as clean as natural gas or propane; storage tanks required

	Coal
	generally low in cost if readily available; generates significant pollution; large storage area needed; moving and loading equipment required; significant boiler cleaning and maintenance required

	Wood chips
	low cost if available; need secure source; need large storage area and handling equipment; significant boiler maintenance and cleaning required

	Electric
	expensive; limited to small or hobby greenhouses


Calculating Greenhouse Heat Requirements

The underlying principle for determining the heating requirement of a greenhouse is to replace the Btu that are lost from the structure (expressed on a per hour basis) so as to maintain the temperature within a desired range. Typically, heat loss through radiation is ignored since the amount is negligible. Therefore, only heat loss through conduction and infiltration/exfiltration need to be determined. These losses are determined for the coldest expected temperatures occurring at night. These provide maximum values for the heating capacity that should be required during the coldest time of the year. During the day when solar input provides additional heat energy or during warmer times of the year, the full heating capacity may not be utilized.

The first step in this process is to determine the heat loss of the greenhouse. 

How the heat leaves the structure?

1. Walls

2. Roof

3. Floor (minimal, not included in calculations)

Rate of heat loss

Depends on:

1. The covering material

2. The temperature gradient between inside and outside.

3. Wind velocity.

4. Greenhouse area.

5. Construction of side walls.

6. Condition of the greenhouse.

Glass is a poor resistor to heat loss and has an U-value (Ug) of 1.1

Ug = 1.1 means that one square foot of glass will transmit 1.1 Btu per hour per degree (F) of temperature difference between the two sides.

Calculating Greenhouse Heat Requirements

The underlying principle for determining the heating requirement of a greenhouse is to replace the Btu that are lost from the structure (expressed on a per hour basis) so as to maintain the temperature within a desired range. Typically, heat loss through radiation is ignored since the amount is negligible. Therefore, only heat loss through conduction and infiltration/exfiltration need to be determined. These losses are determined for the coldest expected temperatures occurring at night. These provide maximum values for the heating capacity that should be required during the coldest time of the year. During the day when solar input provides additional heat energy or during warmer times of the year, the full heating capacity may not be utilized.

ht = hc + hsa
where: 

ht = total heat loss

hc = heat loss by conduction

hsa = sensible heat loss by mass transfer

hc = AU(ti-t0)W

where: 

hc = heat loss by conduction

A = surface area

U = heat transfer coefficient

ti = desired inside air temperature

t0 = minimum outside air temperature

W = wind correction factor

hsa = 0.02(ti-t0)(V)(M)(W)

where: 

hsa = sensible heat loss by mass transfer

ti = desired inside air temperature

t0 = minimum outside air temperature

V = greenhouse volume

M = air exchanges per hour

W = wind correction factor

	Heat Transfer Coefficient for Various Glazings and Surfaces (U)

	Surface
	Btu/ft2/hr/oF difference

	Glass, single layer
	1.13

	Glass, double layer
	0.65

	Polyethylene film, single layer
	1.15

	Polyethylene film, double layer
	0.70

	Fiberglass
	1.00

	Bi-wall polycarbonate
	0.65

	Bi-wall acrylic
	0.65

	Concrete block, 8"
	0.51

	Concrete block with foam urethane
	0.13

	Poured concrete, 6"
	0.75


	Air exchanges per hour for various greenhouse types (M)

	Greenhouse type
	Air exchanges per hour

	Metal greenhouse with glass
	1.08

	Wood and steel greenhouse with glass
	1.05

	Wood greenhouse with glass, tight
	1.00

	Wood greenhouse with glass, moderately tight
	1.13

	Wood greenhouse with glass, loose
	1.25

	Wood greenhouse with FRP
	0.95

	Metal greenhouse with FRP
	1.00

	Metal greenhouse with double glass
	0.70

	Metal greenhouse with single layer of polyethylene
	1.00

	Metal greenhouse with double layer of polyethylene
	0.70


	Correction factors for wind speed (W)

	Wind speed (mph)
	Correction factor

	less than or equal to 15
	1.00

	20
	1.04

	25
	1.08

	30
	1.12

	35
	1.16


As an example, the Btu requirement of an A-frame greenhouse is determined below. The greenhouse is a 40 ft x 100 ft, glass-glazed, metal frame greenhouse, and of tight construction. The gable is 8 ft from the eave to the peak. It has an 8 ft wall with 2 ft of the wall being a 6-inch concrete block curtain wall. The maximum expected wind velocity is 15 mph. The minimum expected low temperature is 0oF, and the minimum desirable inside temperature is 60° F.

The surface area glazed with glass is 8000 ft2, and the surface area for the curtain wall is 560 ft2.

The volume of the structure is 48,000 ft3.

Therefore:

hc = 8000(1.13)(60)(1.0) + 560(0.51)(60)(1.0) = 559,536 Btu/hr

hsa = 0.02(60)(48,000)(1.08)(1.0) = 62,208 Btu/hr

ht = 559,536 Btu/hr + 62,208 Btu/hr = 621,744 Btu/hr

An example is outlined below for a 30 ft x 100 ft quonset greenhouse (covering is 47 ft wide), with a double polyethylene covering. The maximum expected wind velocity is 15 mph. 
The minimum expected low temperature is 0oF, and the minimum desirable inside temperature is 60° F.

The following equations can be used to estimate surface area and volumes of quonset greenhouses:

Circumference of a circle = 2πr

Area of a circle = πr2
Total surface area of a cylinder = (2πrH) + (2πr2)

Volume of a cylinder = πr2H

Therefore:

The surface area glazed with polyethylene film is 5409 ft2. 

The volume of the structure is 35,325 ft3.

and:

hc = 5409(0.70)(60)(1.0) = 227,178 Btu/hr

hsa = 0.02(60)(35,325)(0.70)(1.0) = 29,673 Btu/hr

ht = 227,178 + 29,673 = 256,851 Btu/hr

Methods of Heat Conservation 

1. Greenhouse design: Minimizing the exposed surface area can reduce heat loss. This is primarily accomplished through the use of gutter-connected designs. 

2. Glazing selection: Heat loss can be reduced by selecting a glazing with low thermal conductance values.
3. Wall insulation: Heat loss may also be reduced by including insulated curtains walls along the lower three to four feet of the greenhouse walls. 

4. Thermal screens: Polyester, cloth, or polyethylene screens that can be pulled closed at night reduce heat loss through the roof panels of the greenhouse. 
5. Windbreaks: Windbreaks reduce the effect of wind on heat loss. However, windbreaks (i.e. high walls or trees) can also reduce light entering the greenhouse if placed too close to the structure. 

6. Close air leaks: Broken panels, loose panels, poorly sealed doors, and other openings in the greenhouse structure increased the mass air flow (infiltration and exfiltration) and increases heat loss. 

7. Equipment Maintenance: Regardless of the type of heating system utilized, proper maintenance of the entire system is critical. Not only will maintenance maximize efficiency of the heating system but will protect against a malfunction that can result in the release of ethylene and/or carbon monoxide into the greenhouse. Maintenance should include appropriate cleaning, checks of the air intake, checks of the exhaust system, checks of the fuel line, checks of fans, checks of the burner system and the heat exchanger, calibration of the thermostat, and any other maintenance items prescribed by the manufacturer.

If the actual use is less or more so you should look for the reason which may be:

1. Colder or warmer month.

2. Heat leaks.

3. Faulty burners.

4. Other mechanical problems.

Greenhouse Cooling Systems
In order to reduce the heat load in the greenhouses in the early season (summer-autumn), various methods can oe applied to improve the climate conditions in the greenhouses, until a vegetative mass is created which is able to regulate the greenhouse temperatures by evaporation (self-cooling by the plants). These methods include:

1. Evaporative cooling
The principle of evaporative cooling is based on water evaporation. In this process, the pressure of water vapor in the air increases and the air temperature in the greenhouse drops. In other words, the sensible heat is :-ansformed into latent heat by capturing the heat in the .vater vapor. "here are a number of methods for increasing humidity in the greenhouse atmosphere, in addition to humidity resulting from water that evaporates from the plants in the transpiration process. In recent years, misting and fogging methods have been developed, joining the wet pad and fan cooling method. The misting and fogging systems are differentiated by droplet size. The droplet size has a significant effect on the process of heat replacement in the air and the degree that foliage is wetted. When the droplets are smaller, cooling is more effective and the leaves are not wetted. In a system with smaller droplets, the quality of water used for cooling is important, and this should be taken into account when planning the cooling system.

a. Cooling by misting:

A misting system for cooling plants is composed of a system of water lines with low-volume mini-sprinklers (100-250 droplet size), which have anti-drainage valves. The system is usually installed at the height of the crop wire and below the gutter. The mini-sprinklers should be close enough to each other to wet the entire floor area, without overlapping. The misting system should operate for 0.5-1.0 minutes, every 15-20 minutes during the hot and dry hours. If the system has no control or sensors, operation frequency and time should be based on the farmer's experience. The misting system is switched on and off by an automatic timer and electric valves. The water wets the foliage, and cools down the leaves when drying out. This system is effective on hot, dry days, and is suitable for use with high quality water. Water with a high concentration of chlorine and sodium may burn and damage the plants. This cooling method is designed to reduce leaf and plant temperatures. The misting system has a marginal effect only on reducing air temperature.

b. Cooling by pad and fan:

This cooling method, which is common in many greenhouses, has a wet pad on one wall in the greenhouse, with fans on the opposite wall. The fans expel the air from the greenhouse, and as a result of the sub-pressure that is created in the greenhouse, air is drawn from the wet pad on the wall opposite the fans. The cooling pad is composed of a special carton block with narrow air passages over its entire surface. The carton block is wetted with a large volume of water using a pump system, which pumps water in a closed cycle. The air, which is drawn into the greenhouse, passes through the wet pad and absorbs the water vapor. This increases the humidity in the air and lowers the greenhouse temperature. The disadvantages of this system is that it are very expensive, the humidity and temperature in the greenhouse are not uniform, drainage of brackish water is required to prevent clogging in the wet pad, and the plants are at risk if there is a power failure, because the system will not operated especially in hot summer days, when the greenhouse is closed. The efficiency of the system depends on the relative humidity outside and the air exchange in and out of the greenhouse.

c. Fogging:

This system is based on air vents in the roof, fans on all sides of the greenhouses and nozzles which are installed uniformly around the greenhouse. Water droplets (5 - 25 micron) in the form of fog evaporate before reaching the plant. The air, which enters through the roof vents, carries the fine water droplets and the water evaporates with the air flow. Water evaporation in the air cools the air in the greenhouses and lowers the temperature. The advantage of this system is uniform cooling of the entire greenhouse, which enables construction of greenhouses which are larger than conventional. In this system, evaporation leaves small grains of salt which were in the water. These particles may float and move out of the greenhouse with the air flow, however some may sink onto the plants and deposit salt on the foliage. Care should be taken to prevent this by using water with a good quality or water which has been treated before use in the fogging system,

2. Temperature reduction by shading

a. White washing roofs:

This is the most conventional technical solution for reducing solar radiation penetrating into the greenhouse, there by reducing heat load in the greenhouse. The exterior covering is sprayed with suitable whitewashing material. It is recommended to avoid using plaster, which corrodes the metal and damages the film covering. When the white coating is new, it reflects some of the radiation back to the sky, reducing the radiation that penetrates into the greenhouse, and lowering the temperature. If the whitewash is sprayed on the roof in the spring, when the films are dusty, the color achieved will be brown, and not white. This color usually absorbs the radiation and generates heat, while producing excess shading. This combination of lack of radiation and increased temperature damages the plant, and therefore it is important to clean the films before applying whitewash.
White washing must be:
1. Stick well to covering material.

2. Easy to apply.

3. Should not come off easily with rain.

4. Should be easy to remove in fall.
b. Shade nets:

The radiation intensity and temperature inside the greenhouse can be reduced by covering the structure with a knitted or woven black shade net. The net is installed above the gables, without being too close to the film covering. The radiation should not be reduced by more than 20 to 25% of the radiation intensity under a transparent covering. Shading with this method reduces the transmission of radiation into the greenhouse, and prevents a drastic rise in temperature inside the greenhouses.

c. Moveable reflective screens:

A reflective thermal screen, which is spread out during the hot hours of the day, is another method used to reduce radiation penetrating into the greenhouse. When the screen is completely spread out, it reduces the radiation intensity that penetrates into the greenhouse and lowers the temperature. The screen is spread out and closed by a system of twines installed above the crop wire and below the gutters, and operated by a system of motors that operate according to thermostats or radiation sensors. This screen is also used to retain heat and save fuel costs, when it is spread out at night in the winter. It reduces heat loss in the greenhouse by blocking escape of infrared radiation (IR).

Greenhouse ventilation

Ventilation in greenhouses has many purposes, the main ones being:

1. To remove humidity

2. To remove excess heat

3. For CO2 enrichment

4. To remove noxious gases
Ventilation to remove humidity
Plants grown in closed structures emit great amounts of water vapor into the atmosphere, and consequently the humidity rises to high levels. When the external temperature of the greenhouse is lower than the internal temperature (usually at night), the plants cool rapidly and condensation forms on the foliage. Moreover, water vapor accumulates on the internal surface of the structure's covering. If the plastic film does not have anti-drip additives, the accumulated moisture drips back onto the plants. High relative humidity also creates conditions for development of various fungal and bacterial leaf and fruit diseases. In high humidity, the propagation and ripening processes are disrupted, stamens do not open, pollen is not released, and the quality of the fruit is damaged. In winter, it is often necessary to ventilate the greenhouse to remove excess humidity, even though this causes low temperature.

Ventilation instructions

1. In non-heated greenhouses, it is recommended to have narrow openings along opposite sides of the greenhouse at night. On nights when frost is expected, the sides should be closed down if thermal plastic film (IR) is used, however the openings should not be closed if regular film is used.
2. In heated greenhouses that do not have ventilation systems, it is recommended to remove humid air by opening two opposite sides of the greenhouse during the evening hours and in the early morning, while increasing the heating.

3. In heated greenhouses, with ventilation system fans, the fans should be operated for 1-2 minutes every 20-30 minutes (20 fans per hectare). The operation and regulation of ventilation depends on the amount of water vapor emitted by the plants and the humidity level inside the greenhouse.
4. If there is a climate-control system, the humidity control should be based on the combination of air exchange and heating manipulation.

Ventilation to remove excess heat

On clear sunny days, temperatures inside a closed greenhouse may become too high and could damage the plants, encourage development of diseases and pest infestation, and harm the proper development of the plants. Exchanging the air inside the greenhouse with outside air helps regulate the temperatures, especially when the external temperature is lower than the internal temperature.

Excess heat can be removed in the following ways:

1. In winter, it is sufficient to operate twenty 48" - 50" extractor fans for each hectare to remove excess heat and humidity. The fans are operated by a regulator set to the required temperature of 26°-28°C.   The curtain on the side of the greenhouse where the fans are installed remains closed while the curtain on the opposite side is opened to a height of 30 cm, allowing fresh air to enter the greenhouse.

2. In greenhouses without fans, the curtains should be opened in accordance with outside wind velocity and direction.  The opening on the side facing the wind should be narrow, while the opposite side should be opened to its maximum. In principle, curtains should be left open as much as possible.

3. During spring and summer, when the outside air is hot, it is difficult to maintain the required temperatures inside the greenhouse. Every means available to the grower, such as opening side curtains and roof windows, and operating extraction and circulation fans, should be used. When the temperature rises to high values, one of the shading methods can be used to reduce the heat load.

Ventilation types

1. Natural ventilation

2. Artificial (Forced-Air) ventilation

Natural ventilation

General Natural Ventilation Rules 

Several general rules should be observed in designing a greenhouse for natural ventilation.
· Systems using natural ventilation should be designed for effective ventilation regardless of wind direction. There must be effective ventilation when the wind does not come from the prevailing direction. 

· The greatest flow per unit area of total opening is obtained by using inlet and outlet openings of equal area. 

· The neutral pressure level tends to move to the level of any single opening, with a resulting reduction in pressure across the opening. 

· There must be a vertical distance between the vents for temperature difference to product natural ventilation. The greater the vertical difference, the greater the ventilation (flow) rate will be. 
· Openings near the neutral plan level are least effective for ventilation. 
· Protect roof vents against high winds / rains with outdoor weather stations.
Most greenhouses are constructed with top and side vents to allow the air to enter and leave the greenhouse.

Forces affect natural ventilation

1. Temperature differential between inside and outside the greenhouse.

2. The wind.

· Both factors acting together.

· With no-wind conditions, all vents should be open to their widest.

· Grates temperature differences give grater airflow.

Advantages

1. Lower initial cost. 

2. Lower operating costs.

3. Allows access to the trays from the outside.

Disadvantages

1. Lack of precise control of air flow: natural ventilation depends on the wind, which can change in both speed and direction throughout the day. 
2. Manually operated curtains require growers to be available at all times.
3. Higher heating costs may occur, due to air leakage caused by a less than tight fit between the sidewall curtain and the greenhouse.
 Artificial (Forced-Air) Ventilation

Many tobacco transplant production greenhouses rely on ventilation fans to move air into and out of the greenhouse. Forced air ventilation includes fans on one end of the greenhouse and motorized air inlets, or shutters, at the opposite end. When inside temperatures exceed the desired level, a thermostat opens the shutters and starts the exhaust fan(s). Ventilation is accomplished as outside air is pulled into the greenhouse through the shutters, moved lengthwise through the greenhouse and exhausted out by the fans. When the desired temperature has been reestablished, the thermostat shuts off the exhaust fans and closes the motorized shutters. Some advantages and disadvantages of mechanical ventilation systems:
Advantages

1. They minimize drafts and possible chilling injury on plants.

2. They provide more precise environmental control.

3. They are easier to fully automate.
Disadvantages

1. Fans, shutters and wiring materials add to the initial cost of the greenhouse. 

2. A continuing expense is the cost of electricity to operate the fans.
Ventilation rate
The ventilation rate refers to the amount of ventilation per unit area. It is measured as cubic feet of air-per-minute per square foot of greenhouse floor area (CFM per square foot) because the heat load derives from solar radiation and is directly proportional to floor area.
Computation of ventilation rates

Number of cubic feet of air flowing through the ventilator per minute (Q)

Q = A × V



A: the area of the opining.



V: average velocity of the air in feet/minute.

V = K (Ti – T0)m 
K: is constant of each house

m: slope

Example: greenhouse 35 × 75 ft.




K = 62.5




Slope = 0.344




Assuming no wind




T1-T0 = 10 Fº




This greenhouse has an outlet area (top vents) to a width of 12 inches.

Solution:

V = 62.5(10)0.344 = 138 feet/min.

A = 75 × 1× 2 = 150 sq. feet

Q = 150 × 138 = 20700 cfm (cubic feet per minute)

Compute the amount of Btu that are being removed by this airflow

· To raise 13.7 cubic feet of air 0.24 Btu are needed.

· One cubic foot of air gains 0.0175 Btu when heated 1Fº.

H = Q × 0.0175 × (Ti-T0)

H: Btu removed per minute.

Q: cfm of ventilated air.

(Ti-T0): temperature differential.

H = 20700 × 0.0175 × (10) = 217320 Btu /one hour

However, a solar radiation of 200 Btu/sq. ft./hr (incoming heat load).

Radiation = 200 × 2625 = 525000

525000 – 217320 = 307680

The rest of the radiation:

· Absorbed by objects in the greenhouse, plants and transpiration.

· Should be removed by mechanical ventilation.

Computation of ventilation rate

· The National Greenhouse Manufacturer’s Association 1993 standards = 8 cubic feet per minute/square feet of greenhouse floor area  Or 1 full greenhouse volume exchanged per minute in warm climates.
· Not necessary to calculate the volume above the eave 

· Multiply the square footage of the greenhouse by 8 to obtain the volume of air to be changed. (2725 × 8 = 21000 cubic feet).
· The general rule is to remove this amount of air in one minute so you need a fan capacity close to 21000 cfm.

· Use several fans not more than 25 feet apart.

 Alternatives to improve heat removal

Depending upon the formula H = Q × 0.0175 × (Ti-T0)

1. Increasing Q.

2. Reducing out side temperature by using evaporative cooling. (Ti-T0) will increase.

Diagnosing Greenhouse Crop Problems

A checklist to be used in combination with information available from the grower.

I. Look for pattern in symptom development.
1. Location - portion of bench, house or range, proximity to gutters, shade cloth, CO2 burners, heaters, etc. (may indicate pathogenic, environmental, or cultural) 

2. Greenhouse Operations - time of planting, water and fertilizer regimes, pinching, disbudding, transplanting, changes in employee activities, etc. (cultural problems) 

3. Weather - extreme fluctuation in temperature, light, prolonged periods of unusual conditions such as dark weather (environmental problems) 

II. Obtain history of the problem.
1. Date symptoms first noted 

2. Rate of development and spread or decrease in symptoms 

3. Control measures used and effectiveness - any chemical treatment? 

4. Any problems with previous crops 

5. Soil source, treatment 

6. Plant source and original condition (clean starting stock) 

III. Examine plants closely (use hand lens). 
Is it pathological, entomological, physiological?

A. Pathological symptoms-(usually not uniform throughout greenhouse, specific for certain crops) 

1. Necrotic (dead) areas on roots, stems, leaves flowers. 

2. Vascular - discoloration of veins, stem conducting tissue 

3. Fungus or bacterial growth above or below soil level 

4. Virus patterns - discoloration or modified growth - symptoms may resemble those caused by 2,4-D, ethylene, etc. 

5. May require laboratory confirmation 
B. Entomological symptoms 

1. Presence of insects on foliage, stems or roots 

2. Presence of caste skins 

3. Evidence of feeding (chewing, sucking, leaf mining, accumulation of honeydew) 
C. Physiological and cultural symptoms 

1. Nutrient deficiencies (may differ by plant species) 

a. Nutrient Toxicities 

a. Possible causes of physiological problems 

a. Soil Problems 

a. Chemical - insecticide, fungicide, other 

a. Climatic 

Tomato growth and fruit disorders

Leaf roll

Plants with leaf roll have a lower photosynthetic and transpiration rate, which may result in a significant reduction in yield. Leaf roll is the plant's response to extreme stress conditions, such as continuous low or high temperature. In harsh conditions, the leaves curl inwards and take on a shape of deep, half-closed teaspoons. The curled leaves become brittle and fragile. When leaf roll is more severe, the fruit is exposed to the extreme climatic conditions and quality is damaged by susceptibility to fruit cracking, different levels of sunburn and even damage to their firmness. The curled leaves maintain full turgidity and do not wither. Different varieties have different levels of sensitivity to leaf roll. These differences are also expressed in less extreme conditions. Leaf roll becomes more severe when the plant rows are east-west. There is a greater incidence of this disorder on the southern side of the rows. Planting in north-south rows significantly decreases incidence of leaf roll.

Disappearance of growing crown

When indeterminate plants stop growing for unknown reasons, an inflorescence or leaf appears at the crown, similar to that at the end of growth in determinate varieties. This is common in fields where the plants have dense vegetation, a thick stem and large leaves, as a result of uncontrolled irrigation and fertilization. It appears in different seasons and in most commercial varieties. In general, disappearance of crown occurs following 5-6 normal inflorescences in the plant, and it appears in only a small percentage of the entire crop. In certain cases, termination is complete, while in other cases a new secondary branch grows to replace the original crown. When disappearance of growing crown is encountered and the determinate plant stops growing, a secondary stem should be developed to replace the main stem, or a secondary stem should be allowed to grow on an adjacent plant, to compensate for the plant which has stopped growing.

Cracks in tomatoes

There are three types of cracks in tomato fruit:

1. Radial cracks: cracks that develop from the calyx towards the tip of the fruit 

2. Concentric cracks: cracks that partially or completely encircle the calyx

3. Micro cracks: minute cracks that develop around the shoulders of the fruit and are usually not uniform in appearance or quantity

The main causes of fruit cracking are:

1. Fluctuation in soil moisture, which causes concentric cracking.

2. Wet vegetation, usually by rain in open fields. 

3. Extreme differences between day and night temperatures, which create conditions for the expansion and contraction of the cells in the fruit.

4. High atmospheric humidity that limits evaporation through the foliage and creates water stress, causing cracks.

5. Tomatoes that are exposed to direct sunrays and lack foliage cover. Generally the higher clusters, which are close to the support wires, are especially affected by the extreme temperature differences.

6. High sugar concentrations and general soluble solids in fruits generate lower osmotic potential in the fruit than in other parts of the plant, encouraging flow of water into the fruit and thus forming cracks. This is very common in cherry tomatoes.

7. Old plants and plants with sparse vegetation, small, damaged and defective leaves, have limited evaporation through the foliage and this can result in cracking due to excess water reaching the fruit.

8. Strong removal of leaves results in reduced evaporation and lack of fruit cover, which increases cracking due to root pressure.

9. Low levels of nutrients, especially of potassium (K) and calcium (Ca), which are essential for building and strengthening cell walls.

10. Early morning condensation on fruit, when the fruit temperature is lower than the air   temperature, particularly   encourages   micro   cracking.

Means to reduce cracking on tomato fruit

1. Extreme soil dryness followed by a large volume of irrigation causes fruit cracking. Therefore, it is important to follow a regular irrigation routine and maintain a stable soil moisture level.

2. In winter when temperatures are low, days are short and plants are not in the best condition, it is necessary to irrigate with very small amounts of water to prevent accumulation of excess moisture that might not be absorbed by the plants due to climatic conditions and limited growth. On the other hand, the excess moisture could be absorbed by the roots, which creates pressure on the fruit and causes cracks.

3. Leaves should not be removed from plants, especially in winter, to increase the vegetative evaporation surface and thereby reduce water stress on fruit.

4. Suitable greenhouse ventilation is required to remove excess humidity from around the foliage and fruit. Damp fruit absorbs the condensation, which results in fruit cracking.

5. New and continuous growth and healthy foliage should be encouraged, to promote a continuous transpiration stream and evaporation of water absorbed by the roots.

6. Plant protection, to maintain healthy plants. Damage caused by mildew, leaf mold and other diseases significantly reduces the foliage evaporation surfaces and causes over-exposure of fruit, which encourages cracks.

7. Fertilization with Calcium (Ca): Calcium should be applied, and its availability to and absorption by plants should be ensured, without creating competition with various nutrients in the soil or bedding material. The recommended concentration is 100-120 ppm.

8. Fertilization with magnesium (Mg): In winter when the temperatures are low, magnesium is more difficult to absorb, causing deficiencies in foliage, especially yellowing between the veins. This reduces evaporation through the leaves, causing water stress on the fruit and increasing cracking. Therefore, during this season the Mg concentration should be increased to 50-60 ppm (including the initial concentration in water).

9. Because a large amount of fruit cracks after being picked, cherry tomatoes should be left in crates in the packing shed for at least one day to ensure that the fruit that cracks during this period can then be eliminated during the grading and packing process.

Puffiness in tomato fruit

The formation of a gap between the fruit wall and the carpel seed pulp is known as fruit puffiness or hollowness. Hollow tomato fruit lack firmness and have a short shelf-life. They rot quickly and their shape is not characteristic of the variety.

Factors encouraging puffiness in tomato fruit

1. Excessive use of Nitrogen when applying fertilizers: prevalent during all seasons.

2. Excessive use of fruit-set hormones: prevalent in fruit treated with hormones.

3. Lack of sunlight: widespread in spring, and especially in winter fruit set (short, cloudy and cold days).

4. Genetic susceptibility: certain varieties are especially susceptible to puffiness, while others are relatively tolerant.

Control of puffiness

1. Controlled fertigation and creation of slight stress to prevent unbalanced growth.

2. Careful use of fruit-set growth hormones.

3. Increase the sunlight in the greenhouse and between plants by:

4. Prevention of overcrowding of plants in the rows.

5. Planting of varieties that are less susceptible to puffiness.

Blotchy ripening

Botchy ripening in tomatoes appears as lack of color in certain areas of the fruit. The blotches are not uniform in shape or size and often run into one another, spreading over a large area of the fruit surface. These blotchy areas do not turn red, but tend to remain green with brown spots. The fruit turns brown on the inside, especially around the walls, which is known as brown wall. The un-ripened areas usually remain firmer than the red areas. This problem is prevalent in the winter and spring, ad usually affects the first, second and third fruit clusters.

Research and experiments indicate that climatic conditions really influence development of blotchy fruit. There is a high probability that blotchy ripening will develop on fruit on the first clusters under conditions of low temperature, lack of sunlight and high humidity.

In autumn plantings and harsh winter conditions, the plants grow and develop slowly and a dense vegetative mass with short internodes and large leaves is produced, which covers the first clusters. This type of growth greatly reduces the amount of sunlight that reaches the clusters, does not allow proper airflow, and the humidity surrounding inflorescences will not dissipate. Consequently, the fruit on these clusters are more susceptible to blotchy ripening.

Other reports note that a potassium deficiency aggravates this problem, and in addition some varieties have been found to be more susceptible to blotchy ripening than others.

Reducing blotchy ripening

1. Avoid planting during the cold autumn and winter  months, when days are short and cloudy and there is little sunlight.

2. Raise greenhouse temperatures at night by heating.

3. Apply sufficient nutrients with Potassium and maintain the N:K ratio at 1:2 respectively.

4. Ventilate the greenhouse and prevent accumulation of excess humidity around the clusters and the ground. 

5. Avoid dense planting, which reduces the passage of light and air between plants, especially on the lower parts of the plant.

6. In late transplanting, use white PE mulching to increase light reflection to the plants.

7. Remove leaves in order to allow penetration of sunlight to the base of the plant, when vegetation is dense.

8. Control irrigation and avoid over watering, especially in medium-heavy soil, by placing tensiometers in the soil to determine correct irrigation times and quantity.

9. Avoid planting varieties that are susceptible to blotchy ripening.
Soilless culture
Soil is usually the most available growing medium and plants normally grow in it. It provides anchorage, nutrients, air, water, etc. 
for successful plant growth. Modification of a soil an alternate growing medium tends to be expensive. However, soils do pose serious limitations for plant growth, at times. Presence of disease causing organisms and nematodes, unsuitable soil reaction, unfavourable soil compaction, poor drainage, degradation due to erosion, etc. are some of them. Further, continuous cultivation of crops has resulted in poor soil fertility, which in turn has reduced the opportunities for natural soil fertility build up by microbes. This situation has lead to poor yield and quality. In addition, conventional crop growing in soil (Open Field Agriculture) is difficult as it involves large space, lot of labour and large volume of water. And in some places like metropolitan areas, soil is not available for crop growing. Another serious problem experienced since of late is the difficulty to hire labour for conventional open field agriculture.

Why Soilless culture?

Hydroponics or soilless culture is a system of growing plants which helps reduce some of the above mentioned problems experienced in conventional crop cultivation. Hydroponics offers opportunities to provide optimal conditions for plant growth and therefore, higher yields can be obtained compared to open field agriculture. Hydroponics or soilless culture offers a means of control over soil-borne diseases and pests, which is especially desirable in the tropics where the life cycles of these organisms continues uninterrupted and so does the threat of infestation. Thus the costly and time consuming tasks of soil sterilization, soil amelioration, etc. can be avoided with hydroponics system of cultivation. It offers a clean working environment and thus hiring labour is easy.

What is it?

Hydroponics or soilless culture is a technology for growing plants in nutrient solutions that supply all nutrient elements needed for optimum plant growth with or without the use of an inert medium such as gravel, vermiculite, rockwool, peat moss, saw dust, coir dust, coconut fibre, etc. to provide mechanical support.

Basic Requirements of Soilless culture

Soils naturally maintain the temperature and aeration needed for root growth. When the soil is poor, plant growth and yield decline also due to unsuitable aeration and temperature. Plant cultivation is impossible under ill drained condition due to these conditions. Soil adjusts itself to provide suitable conditions for plant growth. It is called the buffer action of the soils. Plants also absorb nutrients released through natural mineralization. In a solution or inert medium, maintenance of acidity or alkalinity (pH) and electrical conductivity (Ec) in suitable ranges for plant root system is called buffer action. This requirement must be artificially maintained in hydroponics. 
In any hydroponics system the following basic requirements must be maintained at optimum levels.

· Buffer action of water or the inert medium used.

· The nutrient solution or the fertilizer mixture used must contain all micro and macro elements necessary for plant growth and development.

· Buffer action of the nutrient solution must be in the suitable range so that plant root system or the inert medium is not affected.

· The temperature and aeration of the inert medium or the nutrient solution is suitable for plant root system.

Classification of Soilless Culture

The term hydroponics originally meant nutrient solution culture with no supporting medium. However, plant growing in solid media for anchorage using nutrient solution is also included in hydroponics. This technique is called aggregate system. Hydroponics systems are further categorized as open (i.e., once the nutrient solution is delivered to the plant roots, it is not reused) or closed (i.e., surplus solution is recovered, replenished and recycled). Current hydroponics systems of cultivation can be classified according to the techniques employed. A hydroponic technique refers to the method of applying nutrient solution to the plant roots. Large numbers of hydroponic techniques are available. 

The methods of growing plants without soil fall into two general categories:

(a) Liquid culture (true hydroponics), where the nutrient solution is recirculated after reaeration and adjustment of the pH and nutrient levels (e.g. NFT) and

(b) Aggregate culture, where the nutrient solution is supplied to plants via an irrigation system through the media, and excess solution is allowed to run to waste or the solution is recirculated (e.g. rockwool, pumice, perlite, sand culture, gravel culture etc.).

However, consider following factors in selecting a technique:

· Space and other resources available

· Expected productivity

· Availability of suitable growing medium

· Expected quality of the produce – colour, appearance, free from pesticides, etc.

a) Liquid or Solution Culture

Circulating methods: The nutrient solution is pumped through the plant root system and excess solution is collected, replenished and reused in these methods.

1. Nutrient film technique (NFT): NFT is a true hydroponics system where the plant roots are directly exposed to nutrient solution. A thin film (0.5 mm) of nutrient solution flows through channels. The main features of a NFT system are shown in figure 5. The channel is made of flexible sheet. The seedlings with little growing medium are placed at the centre of the sheet and both edges are drawn to the base of the seedlings and clipped together (Figure 6) to prevent evaporation and to exclude light. The growing medium absorbs nutrient solution for young plants and when the plants grow the roots form a mat in the channels. The maximum length of the channel is 5-10 m and is placed at a slope drop of 1 in 50 to 1 in 75. The nutrient solution is pumped to the higher end of each channel and flows by gravity to the lower end wetting the root mat. At lower end of the channels nutrient solution gets collected and flows to the nutrient solution tank. The solution is monitored for salt concentration before recycling. Some growers replace the nutrient solution every week with fresh solution. Adjust the flow rate of the nutrient solution to 2-3 litres per minute depending on the length of the channel. Provide enough support for tall growing plants in this technique. In practice, it is very difficult to maintain a very thin film of nutrient solution and therefore, this technique has undergone several modifications.
2. Deep flow technique (DFT) – pipe system: As the name implies, 2-3 cm deep nutrient solution flows through 10 cm diameter PVC pipes to which plastic net pots with plants are fitted. The plastic pots contain planting materials and their bottoms touch the nutrient solution that flows in the pipes. The PVC pipes may be arranged in one plane or in zig zag shape depending on the types of crops grown. The figure 8 and 10 below shows the main features of a DFT – pipe system. The zig zag system utilizes the space efficiently but suitable for low growing crops. The single plane system is suitable for both tall and short crops. Plants are established in plastic net pots and fixed to the holes made in the PVC pipes. Old coir dust or carbonised rice husk or mixture of both may be used as planting material to fill the net pots. Place a small piece of net as a lining in the net pots to prevent the planting material falling into the nutrient solution. Small plastic cups with holes on the sides and bottom may be used instead of net pots. When the recycled solution falls into the solution in the stock tank, the nutrient solution gets aerated. The PVC pipes must have a slope of drop of 1 in 30-40 to facilitate the flow of nutrient solution. Painting the PVC pipes white will help reduce the heating up of nutrient solution. This system can be established in the open space or in protected structures as part of CEA.
Non-circulating methods: The nutrient solution is not circulated but used only once. When its nutrient concentration decreases or pH or Ec changes, it is replaced.

1. Root dipping technique: In this technique, plants are grown in small pots filled with little growing medium. The pots are placed in such a way that lower 2 – 3 cm of the pots is submerged in the nutrient solution (figure 14). Some roots are dipped in the solution while others hang in the air above the solution for nutrient and air absorption, respectively. This technique is easy and can be developed using easily available materials. This ‘low tech’ growing method is inexpensive to construct and needs little maintenance. Importantly, this technique does not require expensive items such as electricity, water pump, channels, etc. For root crops (beet, raddish, etc.) however, an inert medium has to be used.

2. Floating technique: This is similar to box method but shallow containers (10 cm deep) can be used. Plants established in small pots are fixed to a Styrofoam sheet or any other light plate and allowed to float on the nutrient solution filled in the container (Figure 21) and solution is artificially aerated.

3. Capillary Action Technique: Planting pots of different sizes and shapes with holes at the bottom are used. Fill these pots with an inert medium and plant seedlings/seeds in that inert medium. These pots are placed in shallow containers filled with the nutrient solution. Nutrient solution reaches inert medium by capillary action (Figure 22). Aeration is very important in this technique. Therefore, old coir dust mixed with sand or gravel can be used. This technique is suitable for ornamental, flower and indoor plants.

b) Solid Media Culture or Aggregate System

The following techniques involving inert solid media can be practiced using locally available materials. The media material selected must be flexible, friable, with water and air holding capacity and can be drained easily. In addition, it must be free of toxic substances, pests, disease causing microorganisms, nematodes, etc. The medium used must be thoroughly sterilized before use.

· Inorganic natural media (gravel culture)

· Organic natural media (smoked rice husk, saw dust, coconut fibre, coir dust peat moss)

· Inorganic artificial media (rockwool, perlite, vermiculite)

· Organic artificial media (polyurethane, polyphenol, polyether, polyvinyl) 

Tanins and acids present in the newly extracted coir-dust affect plants. Therefore, use at least 06 months old coir-dust. Dry, clean compressed coir-dust blocks are available for sale in the market. Different techniques described below, according to the method of holding the planting medium, can be practiced. 

1. Hanging Bag Technique (Open system): About 1 m long cylinder shaped, white (interior black) UV treated, thick polythene bags, filled with sterilized coconut fibre are used. These bags are sealed at the bottom end and tied to small PVC pipe at the top. These bags are suspended vertically from an overhead support above a nutrient solution-collecting channel. Therefore, this technique is also knows as ‘verti-grow’ technique. Seedlings or other planting materials established in net pots are squeezed into holes on the sides of the hanging bags. The nutrient solution is pumped to top of each hanging bag through a micro sprinkler attached inside the hanging bags at the top. This micro sprinkler evenly distributes the nutrient solution inside the hanging bag. Nutrient solution drips down wetting the coconut fibre and plant roots. Excess solution gets collected in the channel below through holes made at the bottom of the hanging bags and flows back to the nutrient solution stock tank (Figure 23). This system can be established in the open space or in protected structures. In protected structures, the hanging bags in the rows and amongst the rows must be spaced in such a way that adequate sunlight falls on the bags in the inner rows. The bags are not heavy as they are filled with coconut fibre and can be used for about 02 years. The number of plants per bag varies depending on the plants. About 20 lettuce plants can be established per bag. This system is suitable for leafy vegetables, strawberry, and small flower plants. Black colour tubes will have to be used for nutrient solution delivery to prevent mould growth inside.

2. Grow Bag Technique: In this technique 1 – 1.5 m long white (inside black), UV resistant, polythene bags filled with old, sterilized coir-dust are used. These bags are about 6 cm in height and 18 cm wide. These bags are placed end to end horizontally in rows on the floor with walking space in between (Figure 25). The bags may be placed in paired rows depending on the crop to grow. Make small holes on the upper surface of the bags and squeeze seedlings or other planting materials established in net pots into the coir-dust. 2-3 plants can be established per bag. Make 02 small slits low on each side of the bags for drainage or leaching. Fertigation with black capillary tube leading from main supply line to each plant is practiced. The nutrient solution and water may also be added manually to these bags. Depending on the stage of crop growth and the prevailing weather conditions, vary the amount of water applied. Make sure that the growing media is not completely saturated with water or nutrient solution, as it prevents the oxygen supply to plant roots. Cover the entire floor with white UV resistant polythene before placing the bags. This white polythene reflects the sunlight to the plants. It also reduces the relative humidity in between plants and incidence of fungal diseases. When tall growing plants are established supporting structures will be necessary.

3. Trench or Trough Technique: In this open system, plants are grown in narrow trenches in the ground (Figure 27) or above ground troughs (figure 28) constructed with bricks or concrete blocks. Both trenches and troughs are lined with waterproof material (thick UV resistant polythene sheets in two layers) to separate the growing media from rest of the ground. The width of the trench or trough can be decided depending on the ease of operation. Wider trenches or troughs will permit two rows of plants. The depth varies depending on the plants to grow and a minimum of 30 cm may be necessary. Old coir dust, sand or gravel, peat, vermiculite, perlite, old sawdust or mixture of these materials can be used as the media for this culture. The nutrient solution and water are supplied through a drip irrigation system or manual application is also possible subject to labour availability. A well-perforated pipe of 2.5 cm diameter may be placed at the bottom of the trough or trench to drain out excess nutrient solution. Tall growing vine plants (cucumber, tomato, etc.) need additional support to withstand the weight of the fruits.

4. Pot Technique: Pot technique is similar to trench or trough culture but growing media is filled in clay or plastic pots (Figure 29). Volume of the container and growing media depend on the crop growth requirements. The volume ranges generally from 01 to 10 litres. Growing media, nutrient solution supply, providing support to plants, etc. Is similar to that of trough or trench culture.

5. Aeroponic Technique: Aeroponic is a method of growing plants where they are anchored in holes in Styrofoam panels and their roots are suspended in air beneath the panel. The panels compose a sealed box to prevent light penetration to encourage root growth and prevent algae growth. The nutrient solution is sprayed in fine mist form to the roots. Misting is done for a few seconds every 2 – 3 minutes. This is sufficient to keep roots moist and nutrient solution aerated. The plants obtain nutrients and water from the solution film that adheres to the roots. The aeroponic culture is usually practiced in protected structures and is suitable for low leafy vegetables like lettuce, spinach, etc. The principal advantage of this technique is the maximum utilization of space. In this technique twice as many plants may be accommodated per unit floor area as in other systems. Another potential application of this technique is in the production of plants free of soil particles from cuttings for exports.

Nutrient Solution for Hydroponics

Plants require 17 essential elements for their growth and development. Without these nutrients plants cannot complete their life cycles and their roles in plant growth cannot be replaced by any other elements. These 17 essential elements are divided into macroelements (required in relatively large quantities) and micro or trace elements (required in considerably small quantities). The macro elements are carbon (C), hydrogen (H), Oxygen (O), nitrogen (N), phosphorous (P), potassium (K), calcium (Ca), magnesium (Mg) and sulphur (S). The micro elements are iron (Fe), chlorine (Cl), boron (B), manganese (Mn), copper (Cu), zinc (Zn), molybdenum (Mo) and nickel (Ni). All essential nutrients are supplied to hydroponics plants in the form of nutrient solution, which consists of fertilizers salts dissolved in water. The hydroponic grower must have a good knowledge of the plant nutrients, as management of plant nutrition through management of nutrient solution is the key to success in hydroponic gardening. 

The hydroponic methods enable growers to control the availability of essential elements by adjusting or changing the nutrient solution to suit the plant growth stage and to provide them in balanced amounts. As the nutrients are present in ionic forms in the nutrient solution and also, not needing to search or compete for available nutrients as they do in soil, hydroponic plants reach maturity much sooner. Optimization of plant nutrition is easily achieved in hydroponics than in soil.

Nutrient Solution Management

While optimum nutrition is easy to achieve in hydroponics, incorrect management of the nutrient solution can damage the plants and lead to complete failure. The success or failure of a hydroponic garden therefore, depends primarily on the strict nutrient management programme. Carefully manipulating the nutrient solution pH level, temperature and electrical conductivity and replacing the solution whenever necessary, will lead to a successful hydroponic garden.

pH Level

In simple terms, pH is a measure of acidity or alkalinity on a scale of 1 to 14. In a nutrient solution, pH determines the availability of essential plant elements. A solution is considered to be neutral at pH 7.0, alkaline if above and acidic if below. For pH values above 7.5, iron, manganese, copper, zinc and boron becomes less available to plants. Should the pH of a nutrient solution fall below 6.0, then the solubility of phosphoric acid, calcium and manganese drops sharply. The optimum pH range for hydroponic nutrient solution is between 5.8 and 6.5. The further the pH of a nutrient solution from recommended pH range, the greater the odds against the success. The figure 40 indicates the nutrient element availability at different pH levels of the solution. Nutrient deficiencies will become apparent or toxicity symptoms will develop if the pH is higher or lower than the recommended range for individual crops. For example, if pH is consistently 7.5, one can expect intra-veinal chlorosis to occur, an indication of iron deficiency. The chart shows a pH range of 4.0 to 10.0. The width of the coloured section for each nutrient represents the availability of that nutrient. 

The widest place denotes the maximum availability. The narrowest place denotes the least availability. The red line at pH 6.25 indicates the maximum number of elements at their highest availability. When plants absorb nutrients and water from solution, pH of the solution changes. Therefore, it must be monitored daily, and adjusted to be between the recommended ranges. Chemical buffers can adjust the pH of a nutrient solution, when it strays outside the ideal. It can be lowered by adding dilute concentrations of phosphoric or nitric acids and raised by adding a dilute concentration of potassium hydroxide. Although it is important to stay within recommended range, it is far more important to prevent large fluctuations.

Electrical Conductivity (Ec)

The electrical conductivity indicates the strength of nutrient solution, as measured by an Ec meter. The unit for measuring Ec is dS/ m. A limitation of Ec is that it indicates only the total concentration of the solution and not the individual nutrient components. The ideal Ec range for hydroponics is between 1.5 and 2.5 dS/m. Higher Ec will prevent nutrient absorption due to osmotic pressure and lower Ec severely affect plant health and yield. When plants take up nutrients and water from the solution, the total salt concentration, i.e., the Ec of the solution changes. If the Ec is higher than the recommended range, fresh water must be added to reduce it. If it is lower, add nutrients to raise it.

Fertigation

Fertigation combines the two main factors of supplying water and plant nutrients that are essential for plant growth. The right combination of the two is the key to obtain high yields and quality produce.

Advantages of Fertigation

1. Accurate and uniform application of fertilizers

2. Ability to meet plant nutrient demand under given climatic conditions and during different crop growth stages

3. Improving fertilizer use efficiency and reducing leaching below root zone thus minimizing pollution

4. Saving on labour

5. Increasing both yield and quality of produce

Factors to be Considered in Fertigation

1. Growing media

2. Fertilizers used

3. Irrigation water quality

Management Requirements Of Soilless Culture

Meet the following requirements to develop and maintain a successful hydroponics/soil-less cultivation of crops. If

any of these conditions are not fulfilled, one cannot obtain economical yields.

· Maintain the nutrient solution pH in the range of 5.8 to 6.5, and electrical conductivity (Ec) in the range of 1.5 to 2.5 dS/m, as these ranges are suitable for plant growth. Any pH or Ec outside these ranges will reduce availability and uptake of nutrients and will also damage plant roots. Plants are the best indicators of the nutrient availability. Look for nutritional disorder symptoms in plants and adjust nutrient solution accordingly (Figure 47).

· Maintain adequate solution temperature. As the temperature goes up, plant respiration increases causing a higher demand for oxygen. At the same time, the solubility of oxygen decreases. This requirement is more critical in green houses and net houses where the temperature is bound to increase during mid afternoons. Steps must be taken to counter such increase.

· Always ensure that there is plenty of dissolved oxygen in the nutrient solution as the plant roots absorb oxygen. Lack of oxygen will reduces up take of nutrients and thereby the yield and also causes root rot. In closed systems, if the recollected solution is allowed to fall into the solution tank from a height, natural aeration will take place.

· In root dipping techniques, maintain adequate air space above the nutrient solution in the container as success depends on the rapid growth and quantity of roots that are exposed to the air. These roots absorb oxygen for the plants. Ideally, top two thirds of the young root system must be in the air and the rest must be floating in the nutrient solution.

· In root dipping techniques, during crop growth, when the solution level in the container goes down, the ion concentration may increase. Such increase is detrimental to plant growth. If this condition is observed, siphon out the remaining solution and refill with fresh solution.

· Ensure adequate light for the hydroponics/ soil-less culture plants. Light and all other requirements are the same as though grown in open fields.

· Always use pest and disease free seedlings and planting materials for establishment of hydroponics crops. Remove and destroy any infected plants as soon as they are found.

· If nematode problem is observed in solid media culture, discard the plants and sterilize the growing medium. If in doubt, discard and replace the medium. Also ensure that he water supply is also free from nematodes.

· Algae can build up in the system and block the small tubes used for the delivery of nutrient solution. Use black colour tubes to avoid such problems. Between crops, thoroughly clean the system using a mild solution of chlorine. After cleaning, thoroughly flush the system with fresh water before replanting.

· Adequate spacing is necessary for plant growth and when vine crops are grown, supports must be provided.

· In open aggregate techniques, there is a possibility for nutrients to leach when water is applied. Therefore nutrient solution may be applied continuously instead of water to supply both water and nutrients.

Advantages of soilless cultures

A considerable amount of research work was published in recent years stating the advantages of soilless culture. The advantages to be mention in this paper does not necessarily applied to all soilless systems and all substrates employed, taking into accounthe variation between the systems and the degree of sophistication applied to each one of them.

l- Increase productivity

The matter of increased yields with the application of soilless culture should 'be examined carefully. It is true that precise control of nutrition to the plants grown in soilless cultures will result in higher yields and quality, but this does not necessarily mean that yields from the best cultures in soil are much inferior (Stoughton, 1969). Nevertheless it is difficult to believe that the fast increase in area in soilless culture in the Netherlands and other European countries would have occurred unless commercial growers were confident of some yield increase to help offset the additional cost of soilless culture (Van Os, 1982). It is of course understandable that if there are soil problems, (i.e. poor soil. saline soil, toxicities in soil, etc.), then soilless culture will produce much better crops. Many reports were published during the last 15 years presenting results on comparison of soilless methods and soil. Most of them show advantages towards the soilless systems, buthis was usually been due to a combination of factors such as reduction of labor, higher yields and the greater uniformity of quality due to the more uniform conditions of growth. It must be mentioned however, that in many experiments the management of crops in the soil is not controlled properly.

2- Control of plant nutrition

The accurate control of plant nutrition compared to soil cultures, is also one of the most important advantages of soilless culture. This can be seen from:

· The point of view of the controlled concentrations which can be applied to the various crops, various environments, stage of plant growth, etc. Also harmful elements to plants, above certain concentrations can be kept within safe concentrations (i.e. Mn, B, Zn, Cu, Pb, etc.)

· Another important advantage related to plant nutrition in soilless culture, is the uniformity with which nutrition elements can be supplied to the substrate. This is particularly true with water culture and the more sophisticated systems and less true for the aggregate cultures, especially the most simple ones using surface drip irrigation systems (sand culture, etc.).

· When using water cultures or aggregate cultures with inert substrates the level of nutrients, supplied to the new crops are those chosen by the manager. This is not the case with soil cultures where in many cases excess nutrient levels in the soil from the previous crops produce salinity.

· Another advantage of the soilless culture related to plant nutrition is the ability to control the pH and the E.C. of the nutrient solution according to the requirement of the crop and the environmental conditions. Similar control in soil cultures is very difficult and expensive.

3- Water economy and control

Water is by all means the most important factor for crop production. Protected crops require large amounts of water due to exclusion of rainfall when crop production is required in hot, arid regions of the world, water is like to be a limiting factor not only of availability but also of quality and cost.

The advantage of soilless culture related to the ease of irrigation applies mainly to certain soilless systems, such as NFT and other true hydroponic systems (where the plants have their roots immersed into the nutrient solution) and to sub-irrigated substrate culture, and is not hlly applicable to the rest of the soilless cultures using various inorganic or organic substrates. In fact, watering the later, the frequency and duration of irrigation is much more critical for certain substrates with low water holding capacity, compared to soil.

With reference to water saving, certain soilless systems, for instance the close recirculated ones, undoubtedly economize water because drainage and evaporation from the surface is eliminated by the design and operational scheme of the systems (NFT, “closed” systems, sub-irrigated soilless culture). In addition, with soilless cultures more accurate control over the supply of water is practiced. Furthermore, water culture and sub-irrigated substrate systems save much labor in the time-consuming task of checking and cleaning irrigation nozzles. On the contrary, crops grown on substrates and soil, require fiequent examination of trippers as these can easily be blocked by calcium carbonate or other compounds especially with a “hard” water supply. The blockage problem can be eliminated either by acidification of nutrient solution or by pretreatment of irrigation water.

4- Reduction of labor requirement

Out of soil production exclude all cultural practices associated with the cultivation of the soil, sterilization of soil, weed control, etc. Labor requirement for soilless culture is not similar to all soilless systems. Therefore, the system itself, the degree of automation, the type of substrate, the number of crops raised on each substrate, etc. but in any case, generally speaking, there is a saving in labor impute when soilless culture is employed.

5- Sterilization practices

The greenhouse soil must be free from any soil-born pathogens before the establishment of any new crop. Sterilization is a difficult and costly operation, but necessary and of great importance. It is justified because the greenhouse business require high investment in structures, facilities, plant materials, running costs, etc. and the need to obtain maximum yields and returns, is obvious to have an economically viable operation. The most effective method of soil sterilization is by steaming, but the method is expensive due to the high cost of energy and labour, therefore its application is eliminated. Chemical sterilization is less expensive but not without disadvantages, i.e. the use of formaldehyde had the problems of fumes which are highly phytotoxic and the most important chemical, methyl bromide, a very toxic material to handle, has the problem of chemical residues (bromide ions taken up by the crop) and environmenta1 pollution. 

It is therefore of great advantage the cultivation of crops outside of the soil as there is no need for Sterilization when materials and substrates are used only for one time, because spreading of diseases is avoided. When “closed” soilless culture is used depending on the system, the need for sterilization varies, i.e. to clean “true hydroponic” culture structures, following the removal of all debris, etc., a dilute rate of formaldehyde is used, followed with clean water. In the NFT system the film that forms the gullies can be replaced. When solid substrates are used, steam or chemical sterilization should be applied if the material is to be used again. In this case the application of both is more easier and more economic but in any case sterilization of soilless culture systems is more easier than soil sterilization.

6- Control of root environment

Possibilities for more accurate control of root temperature, root oxygen supply are more easily to achieve in soilless cultures.

7- Multiple crops per year

Due to the absence of the cultivation techniques, operations like soil cultivation, soil sterilization etc., the number of crops per year is increased, in a given production area, because the time interval between crops is nearly zero.

8- Unsuitable soil

Soilless culture offers an ideal crop alternative to soil culture when there is no soil available at all, or there is no suitable soil for crop production, when soil salinity is high or there are toxic substances into the soil and finally there is an accumulation of soil pathogens into the soil.

Constraints of soilless cultures

l- High capital investment

Introduction of soillessystems involves an increase of inputs for the construction and maintenance, compared to the cultivation in soil. The degree of increase of inputs depends on the soilless system to be use and also the degree of perfection of control measures used by the particular system adopted, i.e. the initial cost for establishing an NFT system is higher compared to the rockwool system, but the annual running cost is lower with the NFT system. NFT system with metal trays and raised stands is more expensive than the corrugated asbestos sheets used for NFT lettuce production, etc. Sand culture is less expensive in certain countries. Perlite has lower cost in Greece, but is more expensive in U.K., etc. Economic data on the application of soilless culture varies from country to country as prices of materials and services are not the same. Further to the above the cost of the greenhouse structure, the cost of the greenhouse environmental management devices and controls, which are of great importance for a successful soilless culture, should be taken into consideration. We assume that electricity and good quality water are available.

2- Increased technical demands on the management

To succeed with the soilless culture methods, one must have or to be able to learn and have some knowledge of how to grow the crop, plant physiology, elementary chemistry, familiarity with the control systems, etc. It is evident that soilless culture is not an easy operation. Furthermore, scientific and technical support from the research workers, extension services and private enterprises dealing with all relevant materials and accessories for soilless culture, is of great importance.

Growing crops in restricted volume requires a higher, standard of management. Successful commercial soilless cultures are demanding good management and skilled staff. Therefore, the person in charge must have a very wide range of skills, i.e. able to prepare and adjust the nutrient solutions, set and control electronic equipment, to have knowledge of plant physiology, to recognize and be able to control plant diseases. Risk of disease infections is much higher. Reference also must be made to the simple forms of soilless systems. These are more easy to manage and are more suitable to be installed in areas where the knowledge and facilities are limited.

It is important to remember that soil with its buffering capacity “forgives” any mistake from the grower related to nutrient supply, but a small error in the composition of nutrient solution or the pH, the EC., will be harmful to plants in soilless culture. Failure to the power supply or water supply can mean total loss in a short period of time.

3- Risk of disease infections

In the “open soilless system” the risk of disease infections is lower, provided that drain solution flows away from the roots of the plants. In the “closed systems” or in systems when excess drain water flows along the roots of all plants, then if there is an infection with pathogens, all plants in the system become infected.

Characteristics of materials used in soilless cultures

Technical specifications of structural materials used to built systems
A number of materials are used to construct the soilless growing systems, the most common are: polyethylene, polypropylene, PVC, polystyrene foam, aluminum, steels, asbestos corrugated sheets and concrete. The materials should be sustainable. These materials must have:

1. No leakages during installation and use and possibility of measuring possible leakages.

2. No damaging volatilition of damps or substances.

3. Resistance to steam sterilization, W radiation and pesticides.

4. Taking back of materials after use and a guarantee of primary recycling by the suppliers.

5. Low costs

The above specifications refer to Holland but most of them could easily applied to other countries as well.

Technical specifications for substrates

According to Csaba, 1995 and Koning et al., 1992, substrates must have the following properties:

1. Inert (no reaction with the nutrients)

2. pH neutral

3. Porous

4. Low density

5. Hydrophilic

6. Free from grit, heavy metals and radioactive pollutants

7. Applicable in natural form without need for processing

8. Can be mined or produced by the industry

9. Has constant quality (no decrease of physical properties during use)

10. Having a lifespan for at least three years

11. Easy to use

12. Low cost

13. Recyclable or destroyed without hazard

14. Resistant to sterilized several times without structural quality change.

15. Pest free

Selection of substirate material

A very important aspect of establishing soilless culture, is the selection of the proper growing media. The main criteria for selection of a particular substrate, should be based on:

1. Agronomic characteristics of the substrates

2. Technical level of cultivation

3. Environmental conditions which can be provided (structure, controls and other facilities)

4. Effect of substance on crop susceptibility to diseases

5. Economic situation of the farm business

6. Scientific support to the grower or level of education of the grower

7. Availability of the substrate (local or imported)

8. Cost of substrate

9. Environmental effect of the substrate (pollution, etc.)

10. Marketing prospects in remunerative prices of the produce

The available growing media and the desirable characteristics have already been presented. It remains to say few things about the established materials and the new ones which are under evaluation and look promising.

Rockwool

Good results have been obtained with rockwool in many countries and examples of using this material in commercial greenhouses are well known (Holland, France, U.K., Denmark, etc.), all having good control on the environmental growing factors and the application of nutrient solution. But there are still some disadvantages using rockwool, such as:

1. The high cost, which in many countries remains a limiting factor.

2. The recycling subject is still an unsolved problem in many countries.

3. The rumour that rockwool produces carcenogenic and skin irritation effects which of course have not been proved scientifically (Csuba, 1995).

Polyurethan-ether foam (PUR)

Benoit and Ceustermans (1993a, 1993b, and 1994), introduced PUR (trade name “Aggrofoam”). It was used for 10 years and was stream treated for 8 years at l 10°C. The authors expect is that this substrate can be used for cultivation for 15 years. PUR substrate gave satisfactory results and now is used in practice for growing vegetables in Belgium at 10% of the area @enoit and Ceustermans, 1993). Also, the cost of this material is high and acts as limiting factor of its application in many countries. In some countries other plastic substrates are available as growing media, i.e. “Oasis”, “Styroplast”, “Biolaston”, etc. These are stable materials, they can be used for many years, they are relatively cheap, chemically inert and generally hydrophobic. Furthermore, they do have the problem of disposal.

Perlite

Perlite has very good physical characteristics, and high potential to be used as a closed water-efficient system in areas with good quality water or as an open system where poorer quality water dictates this. Several systems have been developed which use perlite as a substrate. These have been described by Wilson (1980), Adams (1989), Olympios (1992), Olympios et al, (1994) and Guler et al. (1 995). In the literature quite a big number of research papers have shown the superiority of perlite as a substrate for crop production. Reference will be made on the experience gained in Greece. Comparing perlite, rockwool and sand in .open systems, yield and quality of sweet melon was evaluated. Results have shown that perlite gave similar results as rockwool and has the great advantage of the much lower cost (Guler et al., 1995). Similarly in another experiment natural pumiceous perlite, and row perlite gave similar results as horticultural perlite in both growth and production, when tomatoes were grown in open systems on these substrates (Olympios et al., 1994).

Sand ,

In an experiment carried out in Egypt to compare the use of sand and rockwool for tomato  production in recirculating systems under protected cultivation, it was found that sand was as productive as rockwool (Abou-Hadid et al., 1987). Sand has the advantage of the low cost compared to rockwool whereas its high cost imposed an initial barrier for its use. They concluded that drip irrigation with sand, provided significant saving in water, power and could be managed more reliable in areas where skilled personnel is not readily available.

Muncini and Mugnozza (1993), compared the production of Chinese cabbage in NFT and sand. The yield in NFT was higher (9,O kgr/m2) compared to sand (6,3 kgr/m2), but the nitrate accumulation in leaf blades was higher in NFT (2900 mgkg f w) compared to 1033 mgkg f w in sand.

The low air-filled porosity (AFP) found in sand is probably the reason for the lower yield in this substrate, in spite of the good levels for E.C. during the growing period and better availability of water compared to perlite and sepiolite (Martinez and Abad, 1992). This resulted a poor distribution of the root system within the substrate volume. Roots were developed only in the space between the bag cover and the sand, where more air exchange was possible as shown by Brian and Eliassal, (1980). The low AFP in sand makes even more important and accurate water management for this type of sand and it seems that is necessary to apply water less frequently. When comparing substrates in a common experiment, is a mistake to irrigate all substances the same way because due to different properties, moisture holding capacity and retention is different, therefore different substrates should be treated accordingly.

Nevertheless, in conclusion we can say that sand can be a good alternative media for soilless crop production, in countries where this material is in abundance and in low cost. The experience of Spain and Egypt in this respect can be a good base to use this substrate.

Sepiolite

In Spain, commercial-scale experiment was conducted in a polyethylene greenhouse to evaluate sand, perlite, rockwool slabs and sepiolite (a local fibrous structure, claystone material mainly based on hydrated magnesium silicate) alone or mixed with leonardite (3% by volume) and organic fertilizer with 60% content of humic substances.

Results shown that higher yields were obtained with perlite and sepiolite (4/20-mesh plus leonardite) and rockwool (Martinez and Abad, 1992). The authors suggest sepiolite as a new substrate for horticulture, because it has good performance under conditions of saline water, no pollutant effect and has a low cost. The total pore space of sepiolite is 78,13% the Air Filled Porosity 43,87% and the easily available water about 2%. Perlite and sand were the materials that kept the lowest E.C. until the end of the experiment.

Nutrient film technique (NFT), 

One form of soilless production system, using only recirculating nutrient solution for the production of crops. The development of the NFT system removes the necessity for the determination of water requirements and provides the opportunity of more precise control over plant nutrition. The simplicity of the technique allowed the development of almost totally automated systems. 

Also the flexibility of the NFT system has enabled it to be adapted to a wide range of crops (Burrage, 1992). The ability to control the root environment has led to practices of solution heating, variation in solution conductivity and intermittent flow, to control crop growth. The minimal use of water and nutrients has made it highly desirable in arid and semi-arid climates.

With the recent concern of pollution caused by and the cost involved in the open systems, (i.e. open rockwool production, open perlite, etc.) we may see in the future an expansion of NFT. It is a system that has considerable potential but requires a higher level of management than conventional production and in some areas this may be the main inhibitory factor for its expansion. NFT simplifies the work of the labour but places a greater responsibility on the management. 

In Greece, a low cost NFT system for the production of lettuce has been developed and was accepted by the greenhouse growers. Plants are grown on suitably supported corrugated asbestos cement sheets, forming five to eight (5-8) parallel channels, 9 cm apart, 9 cm wide and 5 cm deep. These sheets are placed in position with a 1.5% slope. Polyethylene film is used to isolate the root system and nutrient solution fiom direct contact with the asbestos-cement sheet and expanded polystyrene sheets are used to cover the channels and support the plants. Several lettuce crops can be grown during the same season, assuring high income to the growers (Qlympiqs, 1993).

In an experiment to study the difference between sweet pepper plant behaviour in NFT and rockwool, it was shown that the plants grown in NFT gave higher total yield than those grown in

rockwool (Abou-Hadid and Burrage, 1994).

The NFT technique greatly simplifies watering, it eliminates soil cultivation and soil sterilization

and ensures uniformity of nutrient supply, therefore it appears as an economically attractive cropping system. In this technique the use of water and nutrient is regulated to the minimum needed for plant growth and productivity. As the reaction of the various vegetable crops as well as the different cultivars of each vegetable crop react differently in the NFT, it is recommended to study the composition of the nutrient solution, the E.C., pH and root temperature to match the crop requirements under the Mediterranean environmental conditions.

Aeroponic culture

A soilless method which has been developed and evaluated in several countries but it is still at the experimental stage. As a soilless method it has an extra advantage, the increased plant density which can be used and the high water use efficiency (Abou-Hadid and Medany, 1994). Encouraging results were also reported by Leoni et al., (1994) with tomatoes grown in High Density Aeroponic System (HDAS), 20-30 plants/m2, where yields of 5.0 to 8.0 kg/ m2 of good quality tomatoes were harvested from tomatoes pruned to single cluster, three months after transplanting. The system allows 4 cultivation cycles in one year (12 months).

Organic substrates

For more than 30 years organic substrates (peat moss, etc.), have been the dominating bulk material in substrates for growing plants. It is clear that organic substrate decay quickly due to microbiological actions and also they react chemically with the nutrient solution. This is a disadvantage of the organic materials as it is not easy to control these reactions, therefore it is necessary to interfere in the growing process, to adjust by the fiequency of the nutrient application the changes in the E.C., pH and the levels of the trace elements. If the soilless system is closed, then more frequent chemical analysis of the solution is required (Benoit and Ceustermans, 1994).

Peat and other organic substrates

Peat is a very good substrate, used successfully for many years, but now, due to environmental reasons other organic products are suggested for replacement, i.e. coconut coir, ricehusk, rufia bark, straw from grass species. Moreover, there is a large number of composted organic products which have been studied for their use as horticultural substrates, such as sewage sludge, composted softwood and hardwood bark (Verdonck, 1983) or composted municipal yardwaste, composted turkey broiler litter (Bilderback and Fonteno, 1994). The one-year compostable organic pine fibre “Hortifibre” was introduced by Benoi? et al., 1988, (cited fiom Benoit and Ceustermans, 1993). The material showed a number of microbiological and chemical reactions that were uncontrollable and therefore the growing technique requires modification, perhaps more fiequent flows of nutrient solution with the first in the morning to last longer, so that to wash out the disproportionate nutrient ions.

It is interesting to mention the cork oak bark organic substrate which was used by Aguado et al., 1993, and proved to be a suitable substrate for growing plants. Organic substrates have a reasonable price, they can be disposed of without any tetrimental effect on the environment or they can be recycled.

Marc

Pisanu et al. (1 994) reported that the growth and production of gerbera on “marc” substrate was particularly interesting because of the low cost of the substrate and its great availability in Mediterranean Countries. Number of flowers produced on “mark” were similar to those produced in rockwooI, although perlite gave significantly higher number of flowers per m2, (195, 194 and 2 19 respectively).

Cleaning and disinfecting the greenhouse
First Steps to a Clean Greenhouse 
If you have had re-occurring problems with diseases such as Pythium root rot or insects such as fungus gnats, perhaps your greenhouse and potting areas need a good cleaning. Over the course of growing a crop, infectious microbes accumulate and algae flourish on moist surfaces harboring fungus gnats and shore flies. 
Attention to greenhouse sanitation and disinfecting are steps that growers can take now to prepare their greenhouses for the spring growing season. Some growers wait until the week before opening a greenhouse before cleaning debris from the previous growing season. It is better to clean as early as possible to eliminate over-wintering sites for pests to reduce their populations prior to the spring growing season. Pests are much easier to prevent than to cure. 
Begin by thoroughly cleaning the floor of soil, organic matter and weeds. Install physical weed mat barriers if floors are bare dirt or gravel and repair existing ones. Weed barriers not only prevent weeds, but also make it easier to manage algae. Avoid using stone on top of the weed mat that will trap soil and moisture, creating an ideal environment for weeds, diseases, insects and algae. 
Benches, preferably made of wire, should be disinfected and pots, flats and trays should be new or disinfected. Bench tops and work tables should be made of a non-porous surface such as a laminate that can be easily disinfected. Avoid using bare wood for these tasks. Hose ends should always be kept off the floor and growing media kept in a clean area and covered. Avoid holding plant material and accumulating contaminated pots, media or debris in the media mixing area. Next, disinfect the growing and plant handling areas, and irrigation system.
Benefits to Disinfecting the Greenhouse 
Many pathogens can be managed to some degree, by the use of disinfectants. For example, dust particles from fallen growing medium or pots can contain bacteria or fungi such as Rhizoctonia or Pythium. Disinfectants will help control these pathogens. In addition to plant pathogens, some disinfectants are also labeled for managing algae which is a breeding ground for fungus gnats and shore flies. 
Although disinfecting should be done routinely, timing does not always permit this extra effort. Take the opportunity to thoroughly clean greenhouses between crop cycles when greenhouses are totally empty. 
Managing Algae 
Algae growth on walks, water pipes, equipment, greenhouse coverings, on or under benches and in pots is an ongoing problem for growers. Algae form an impermeable layer on the media surface that prevents wetting of the media and can clog irrigation and misting lines, and emitters. It is a food source for insect pests like shore flies, and causes slippery walkways that can be a liability risk for workers and customers. Recent studies have shown that algae are brought into the greenhouse through water supplies and from peat in the growing media. Once in a warm, moist environment with fertilizer, the algae flourish. 
Proper water management and fertilizing can help to slow algae growth. Avoid over-watering slow-growing plants and especially crops early in the production cycle. Allow the surface of the media to dry out between watering. 
Greenhouse Benches 
If possible, use benches made of wire that can be easily disinfected. Wood benches can be a source for root rot diseases and insect infestations. Algae tend to grow on the surface of the wood creating an ideal environment for fungus gnats and shore flies, and plant pathogens can grow within the wood. Plants rooting through containers into the wood will develop root rot if conditions are favorable for pathogen activity. Disinfect benches between crop cycles with one of the labeled products listed below. Keep in mind that the following disinfectants are not protectants. They may eradicate certain pathogens, but will have little residual activity. 
Disinfectants for Greenhouses 
There are several different types of disinfectants that are currently used in the greenhouse for plant pathogen and algae control. They are quaternary ammonium compounds (Green-Shield®, Physan 20®, and Triathlon®), hydrogen dioxide (ZeroTol®, Oxidate®), chlorine dioxide (Selectrocide™) and chlorine bleach. Alcohol, although not used as a general disinfectant is mentioned here because it is used by growers to disinfect propagation tools. All these products have different properties. If possible, disinfectants should be used on a routine basis both as part of a pre-crop clean-up program and during the cropping cycle. 
1. Quaternary ammonium chloride salts 
Q-salt products, commonly used by growers are quite stable and work well when used according to label instructions. Q-salts are labeled for fungal, bacterial and viral plant pathogens, and algae. They can be applied to floors, walls, benches, tools, pots and flats as disinfectants. Carefully read and follow label instructions. Recommendations may vary according to the intended use of the product. 
Q-salts are not protectants. They may eradicate certain pathogens, but will have little residual activity. Contact with any type of organic matter will inactivate them. Therefore, pre-clean objects to dislodge organic matter prior to application. Because it is difficult to tell when they become inactive, prepare fresh solutions frequently (twice a day if in constant use). The products tend to foam a bit when they are active. When foaming stops, it is a sign they are no longer effective. No rinsing with water is needed. 
2. Hydrogen Dioxide  
Hydrogen dioxide kills bacteria, fungus, algae and their spores immediately on contact. It is labeled as a disinfectant for use on greenhouse surfaces, equipment, benches, pots, trays and tools, and for use on plants. Label recommendations state that all surfaces should be wetted thoroughly before treatment. Several precautions are noted. Hydrogen dioxide has strong oxidizing action and should not be mixed with any other pesticides or fertilizers. When applied directly to plants, phytotoxicity may occur for some crops, especially if applied above labeled rates or if plants are under stress. Hydrogen dioxide can be applied through an irrigation system. As a concentrate it is corrosive and causes eye and skin damage or irritation. Carefully read and follow label precautions. 
3. Sodium Carbonate Peroxyhydrate 
Upon activation, sodium carbonate peroxhydrate breaks down into sodium carbonate and hydrogen peroxide. Green Clean is labeled for managing algae in any non-food water or surfaces. TerraCyte in addition to being an algaecide is labeled to control moss, liverworts, slime, molds and their spores and is labeled for use on plants. Non-target plants suffer contact burn if undiluted granules are accidentally spilled on them. 
4. Chlorine Dioxide
Chlorine dioxide is a new disinfectant in the horticulture industry for controlling algae, bacteria, viruses, fungi and other microbial pests on greenhouse surfaces and in greenhouse irrigation systems. Currently it is labeled to be used to clean out irrigation lines with a periodic treatment at a moderate dose or to keep lines from becoming re-contaminated by treating irrigation water flowing through the system with a continuous ultra-low dose. Research continues to be conducted on this product to expand its use in the industry. 
5. Chlorine bleach. 
There are more stable products than bleach to use for disinfecting greenhouse surfaces. However, when used properly, chlorine is an effective disinfectant and has been used for many years by growers. A solution of chlorine bleach and water is short-lived and the half-life (time required for 50 percent reduction in strength) of a chlorine solution is only two hours. After two hours, only one-half as much chlorine is present as was present at first. After four hours, only one-fourth is there, and so on. To ensure the effectiveness of chlorine solutions, it should be prepared fresh just before each use. The concentration normally used is one part of household bleach (5.25 percent sodium hypochlorite) to nine parts of water, giving a final strength of 0.5 percent. Chlorine is corrosive. Repeated use of chlorine solutions may be harmful to plastics or metals. Objects to be sanitized with chlorine require 30 minutes of soaking and then should be rinsed with water. Bleach should be used in a well-ventilated area. It should also be noted that bleach is phytotoxic to some plants, such as poinsettias. 
6. Alcohol (70 percent) 
Is a very effective sanitizer that acts almost immediately upon contact. It is not practical as a soaking material because of its flammability. However, it can be used as a dip or swipe treatment on knives or cutting tools. No rinsing with water is needed. 
Disinfectants should be used on a routine basis both as part of a pre-crop clean up program and during the cropping cycle. 
This information is supplied with the understanding that no discrimination is intended and no endorsement implied. Due to constantly changing regulations, we assume no liability for suggestions. If any information in this article is inconsistent with the label, follow the label. 
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