HORTICULTURE 101 READING GUIDE

TEMPERATURE REGULATION AND INJURIES (Chapter 6, pp. 154-168, 172-186)
1) What is an aspirated thermostat?  What factors contribute to the accuracy of aspirated thermometers?

Technically, an aspirated thermostat is any thermostat that is placed in an enclosure through which air is pulled.  Most commonly, the thermostat is placed in a white wooden box with an exhaust fan at one end to pull air through.  The box also typically contains a thermometer that is used to recalibrate the thermostat(s).  The accuracy of the thermostat is improved by the air flow which ensures that the average temperature of the room air is sampled.  In addition, the use of the white color for the enclosure results in light reflection and prevents the excessive heating of the air surrounding the thermostat.  In addition, by using the fan to exhaust the air in the enclosure, instead of supplying a positive air flow, the possibility that heat from the fan’s motor could affect the readings is avoided. 
2) What is the ‘greenhouse effect’?  What explanation does you book provide to explain this heating that occurs in greenhouses.   


In horticulture, the greenhouse effect describes to a set of conditions that result in the passive heating of the air in a greenhouse on sunny days.  The primary factor responsible for this heating is the lack of air exchange between the greenhouse and the external environment.  The roofs of greenhouses, being constructed of plastic or glass, allow visible light to pass into the greenhouse. This light is absorbed by plants and surfaces in the greenhouse causing them to warm up.  The heat is transferred from the plants, and other heated greenhouse structures, to the air by conduction and is also lost as infrared radiation.  The air expands, becomes less dense and rises but is generally not vented (removed) from the greenhouse at a fast enough rate to prevent the air temperature in the greenhouse from becoming warmer than the outside air temperature which is pulled into greenhouses using fans or side vents.  

In the case of glass greenhouses, the heat that is lost as infrared radiation is also trapped since infrared radiation is strongly absorbed by conventional glass.  As the glass warms up it releases infrared radiation, of a longer wavelength and lower energy value, back into the greenhouse.  However, the contribution of this process (radiation trapping) to the overall heating is minor since greenhouses that are constructed of materials that are transparent to infrared radiation (plastic, rock salt) heat up nearly as much as glass greenhouses.  This is in contrast with the greenhouse effect in climatology which is caused by radiation trapping by atmospheric gases, as described below.  

Greenhouse effect and global warming:  During the day light absorption by the ground, oceans, and vegetation raises the temperature of the earth’s surface and part of the absorbed energy is emitted as infrared radiation.  The emitted infrared radiation is partly absorbed by gases in the earth’s atmosphere. These gases heat up and radiate infrared radiation, of an even longer wavelength, back towards the earth in turn, returning a fraction of the energy.  The specific gases that are responsible for the absorption of infrared radiation emitted from the earth’s surface (predominately water vapor, methane, carbon dioxide, and nitrous oxide) are termed greenhouse gases because they have the effect of warming the surface of the earth.  If these gases were not present in the atmosphere the surface of the earth would be 50 ºF cooler than it is at present. 

NOTE:  At temperatures above absolute zero all objects lose energy both via the emission of electromagnetic radiation, as well as by heat transfer via conduction.  The higher the temperature the higher the energy of the radiation.  At temperatures that are typical of the earth’s surface (20-50 ºC) the radiation emitted is primarily in the infrared range, but at higher temperatures visible (or UV) radiation can be emitted as in the case of incandescent lights or the sun.
3) Explain the basis for each of the following types of greenhouse cooling systems:

a) Ridge (peak) venting:

Vents are placed near the top of vaulted or ridged greenhouse to allow for the release of hot air.  Since the density of air decreases with temperature, hot air naturally rises and exits through these vents when they are open.  Top (ridge) vents are typically used in conjunction with sidewall vents to allow the entry of cooler outside air to replace the warm air lost through the vents

b) Fan and pad cooling:

Exhaust fans are placed at one end of the greenhouse to create an air flow, and the air that is pulled into the greenhouse (from intakes at the opposite end of the greenhouse) passes through evaporative pads.  The evaporative pads are typically composed of excelsior (shredded aspen) or corrugated cellulose derivatives and are saturated with water.  Like a radiator the pads have a large internal surface area.  As water evaporates from the pad the air passing through the pad is cooled.  Evaporation (the conversion of water from liquid to vapor) requires energy which is supplied in the form of heat energy extracted from the air passing over the vents.  Pad cooling is most effective when the air in the greenhouse is dry.  If the relative humidity is high the air cannot hold much more water vapor, limiting the amount of evaporation (and cooling) that is possible. 
c) Shading and water films 
Shading is typically achieved via the use of ‘shade cloths’ placed on the greenhouse roof.  By absorbing a portion of the incident light (typically 50% or more), the shade cloth reduces the amount of light reaching the interior of the greenhouse and the degree of heating.  Alternatively, water films can be used in place of shade cloth.  In this case the quantity of visible light reaching the greenhouse interior is not reduced to a significant degree; however, since water effectively absorbs the infrared radiation component of sunlight, the degree of heating in the greenhouse is reduced.  The water is heated in the process and can be used to supply heat during the nighttime hours.
4) What does the R-value of a material measure?  What units are R-values expressed in?  Why is it important to consider the R values of the roofing materials used in greenhouse construction?

The R-value is a measure of the resistance to heat flow (thermal resistance).  The units are hr·ºF·ft2/Btu.  The denominator (Btu, British thermal unit) is a measure of the quantity of heat (thermal) energy transferred.  The numerator standardizes the parameter on per unit time (hr), per unit area (ft2) and per unit temperature difference.  The units do not make intuitive sense because the formula for resistance is derived from the formula for thermal conductivity (U), which is calculated as the amount of heat transmission (Btu) per unit time per unit area per unit temperature difference (Btu/hr·ºF·ft2).  Mathematically resistance equals the inverse of the conductivity (R = 1/U), or hr·ºF·ft2/Btu.      
The R-value is important because it affects the heating costs for operating a greenhouse during periods of cool weather.  If the roof a greenhouse has a low R-value, the amount of resistance to heat loss is low and the greenhouse will be more expensive to heat in the winter than would be a greenhouse with a roof with more thermal resistance (higher R value).
5) Explain how the use of solid north walls and thermal blankets can be used to limit greenhouse heating costs during the winter in regions such as Indiana.

Having a solid north wall contributes to heat savings in two ways.  First since the R value (resistance to heat flow) of a wall is higher than that of glass or plastic the rate of heat loss from this greenhouse is less than the rate of heat loss would have been if a transparent wall had been included in the design.  In addition, on sunny days the light entering the greenhouse will heat the wall.  At night the wall will transfer this heat to the air in the greenhouse by conduction (passive heating).  Since the sun is located to the south in the winter the amount of light entering the greenhouse is not affected significantly by a solid north wall.  In fact, if the wall is painted white it can be used to reflect light onto the plants, improving the light environment, but this would limit the amount of heating. 
Thermal blankets are fabric sheets that are placed directly over the tables or benches in a greenhouse with plants, creating enclosures or tents over the crop.  Provided that the heat source is located below the level of the plants, the blankets retain the heat within the vicinity of the crop.  The regions of air located outside or above the blankets are not directly heated and remain cool.  The net effect is a reduction in the amount of air that is heated, resulting in lower heating costs.
6) Floating row covers, low tunnels, cloches, and high tunnels are structures used in nursery and vegetable production to extend the growing season for field planted crops.  In what ways are these structures similar to and different from a greenhouse?  How are these structures similar to and different from one another (compare and contrast). 
These structures are similar to greenhouses to the extent that the air inside the enclosure is passively heated in the same manner as occurs in a greenhouse (See Question 2, above).  However, unlike a greenhouse there is no way of actively heating the air in the enclosure.  If supplemental heat is applied the structure is termed a ‘hotbed’.  Hotbeds are used primarily for ‘hardening off’ bedding plants; i.e., for acclimating the plants to conditions of lower temperature and less water and fertilizer than were typical in the greenhouse to reduce transplant shock.   
Floating row covers, low tunnels, and high tunnels are created by placing plastic sheeting over the plants.  They differ in terms of the height of the plastic above the plants and in some cases also in terms of the type of plastic.  For floating row covers flexible plastic sheeting is used and is placed directly on top of the plants, like a blanket, with the crops supporting the weight of the plastic.  In the case of low and high tunnels the plastic is attached to a separate support structure and may be thicker (heavier) and less flexible.  Cloches are small glass structures that are placed over either individual plants or groups of plants (see Figure 6-27) 
7) What are ‘frost pockets’?  At what topographic positions are they found? 
Frost pockets are low lying areas (topographic depressions) that tend to accumulate cold air and thus are more susceptible to experiencing frosts and hard freezes than is typical of adjacent more elevated sites.  The susceptibility of these depressions to frosts is a consequence of the effects of temperature on air density.  Since cooler air is denser than warmer air, it tends to collect near ground level, particularly during periods of radiational cooling (Question 16) and subsequently flows downhill.  In climates/regions that are not susceptible to frosts, planting in valleys can be beneficial for crops such as grapes where high sugar content is desired, such as for vineyards in the Napa Valle (Fig. 6-31).  In such cases the cold temperatures stimulate sugar accumulation (See the ‘Temperature and Plant Growth’ study guide).  In contrast, when frosts are a risk, obstructions (hedges, etc.) can be used to interfere with the cold air flow. 
8) What are the effects of large bodies of water (lakes, rivers, etc.) on air temperature?  Would plant growth start earlier or later in regions that are directly adjacent to such water bodies?

Because of the high heat capacity of water, large lakes and rivers moderate the local air temperature.  They slow the rate of warming in the Spring and delay the rate of cooling in the Fall.  Consequently, the growing season would start later near the large body of water, but would continue later into the Fall.  NOTE:  Heat capacity is a measure of the amount of heat the must be gained or lost to change the temperature of a substance.  
9) What are some of the possible adverse consequences of extracellular freezing in plants, both at the cellular (p. 175) and at the tissue level (p. 179)?
The primary effects at the cellular level include protoplast dehydration and cell shrinkage since ice formation in the cell wall lowers the water concentration (water ( ice) creating a gradient for water loss from the protoplasts to the cell wall space by osmosis.  At the whole tissue level, cell shrinkage may result in the generation of stresses that may ultimately result in the cracking or splitting of tissues, especially when the rate of cell shrinkage is not equal across tissue types or positions in a stem or root.  In trees the resulting cracks are termed ‘frost cracks’.  Once these cracks have formed they are susceptible to reopening annual (each winter)  
10) The book recognizes two mechanisms by which trees and shrubs may achieve winter hardiness: freeze tolerance and freeze avoidance.  Answer the following questions concerning these mechanisms of cold hardiness

a) In which mechanism is extracellular freezing tolerated?  ( freeze tolerance

* In freeze tolerance, extracellular freezing does not result in plant injury.  However, the freezing induces a dehydration stress as the cells lose water to the ice crystals in the extracellular space.
b) In which mechanism is intracellular freezing tolerated?  ( neither

* Intracellular freezing (ice crystal formation within plant protoplasts) is thought to be invariably lethal, presumably as a result of membrane damage (piercing) by the ice crystals.

c) Which mechanism involves supercooling? ( freeze avoidance
* In supercooling, the water in the cell wall space remains liquid at temperatures below its freezing point.  The freezing point of pure water is 0 ºC, but if the water is still and lacks small particles that can serve as ice nucleation sites cooling to lower temperatures prior to freezing, termed supercooling, is possible. In contrast, the melting of pure water always occurs at 0 ºC.  Supercooling to temperatures of as low -47 ºC has been observed in plants, but the degree of supercooling is frequently variable between organ or tissue types.  The depressive effects of solutes on freezing temperature (i.e., they lower the freezing point of water) also contribute to freeze avoidance.  Freeze avoidance is the only mechanism of cold tolerance for tropical plants and for temperate plants prior to the induction of cold hardiness in the Fall.  When freezing occurs in plants exhibited freeze avoidance it is invariably lethal.  The precise cause of death is not certain, but it may be that ice crystals form both intracellularly and extracellularly when freezing finally occurs. Alternatively, freezing may be strictly extracellular, but the rate of ice crystallization may be so rapid that the protoplasts are directly injured.  In contrast, for plants (or individual tissues or organs) exhibiting freeze tolerance the freezing may occur at a higher temperature (less supercooling) and may not be as ‘violent’.
d) Which mechanism confers a greater degree of cold tolerance?  ( freeze tolerance
* Supercooling (freeze avoidance) confers hardiness to -40 to -50 ºC at most, as indicated above (Part C).  In contrast, plant that exhibit freeze tolerance can survive temperatures as low as -196 ºC, the temperature of liquid nitrogen.

11) Explain how Pseudomonas bacteria located in the apoplastic (cell walls) space can adversely affect the cold hardiness of species exhibiting a freeze avoidance strategy?

Some Pseudomonas species, such as P. syringae, can serve as ice nucleation sites, thus limiting the amount of supercooling.  However, there are some strains of P. syringae (and P. fluorescens) that do not nucleate ice and can be sprayed on trees in the Fall to competitively exclude the detrimental strains. 
12) Explain the basis of winter sunscald injury in trees and shrubs.  Why is sunscald damage typically localized on the southwest face of tree or shrub trunks in northern temperate regions such as Indiana.  Also, why are thin-barked trees more susceptible than thicker barker trees to injury? 
During the daytime, sunlight may warm tree trunks 25-30 ºC. This heating may be sufficient to cause the melting of extracellular ice crystals in the bark and/or vascular cambium.  Cells in the affected tissues may start to absorb the water and reactivate.  However, after then sun sets the temperatures of the affected cells and tissues may drop rapidly.  This rapid drop in temperature has been hypothesized to result in intracellular freezing and cell death.  In Indiana, winterscald is typically observed on the southwest side of trunks since the sun is located in the southern part of the sky and sets in the west.  The southwest portions of the trunk are liable to be heated just prior to nightfall and thus most susceptible to injury.  NOTE:  Under laboratory conditions, cooling rates of 2 ºC per minute or greater are required for the intracellular freezing in cold adapted trees.  Thin-barked trees are more susceptible than thicker-barked trees because the vascular cambium is less insulated against temperature changes.
13) Sunscald injuries may also occur during periods of high air temperatures (summer scald).  What is the mechanism of injury (cambial cell death) in such cases?

The temperature of the affected cells reaches a high temperature threshold that is lethal to the cells.  The likelihood of summer scald is increased if the wraps used to protect against winter scald are forgotten and left on into the summer.
14) Why are trees and shrubs grown in raised planters especially susceptible to ‘winter kill’?

Roots are more susceptible to low temperature injuries than shoots.  Under field conditions, the roots of trees and shrubs and insulated from low temperature by the soil, and also frequently by a snow layer.  Trees and shrubs in raised planters are not insulated to an equivalent degree.    

15) What environmental changes are associated with the induction of cold hardiness (low temperature hardening)?

The primary changes include shortening daylengths, lower air temperatures, and water and nutrient stress (to less of a degree)

16) What is radiational cooling (as opposed to advective cooling) and how can this type of cooling result in temperature inversion.  What is a temperature inversion and what types of strategies can be employed to limit horticulture crop damage before or during the periods of temperature inversion.  Why does each strategy work? 
In horticulture, a temperature inversion (termed a ‘surface temperature inversion’ in meterology) occurs when the air near the ground becomes cooler than the air at higher positions, with the cool air extending up to 30 to 200 feet above the surface.  The temperature profile is ‘inverted’ compared to that observed during the daytime when the ground (soil, vegetation, etc.) is actively heated by visible light from the sun and the heat is transferred to the air by conduction.
Temperature inversions develop on clear nights when the humidity is low and there is little air movement (windspeeds of < 5 mph).  During such periods, the air temperature at ground level may drop below that of the air at higher positions as a result of radiational cooling (heat loss from the plants, soil, and surrounding air in the form of infrared radiation).  The low humidity and lack of cloud cover ensure that infrared radiation is lost to space rather than being absorbed by the clouds partly returned in the form of longer-wavelength infrared radiation.  The limited air movement also contributes to the inversion since that the mixing of the cool surface air and higher, warmer air, located further from the surface, is limited.  In the Fall or Spring (when the daytime high temperatures are in the range of only 45-55 ºF), the air may cool to a sufficient degree during periods of temperature inversion for frosts to develop.  These frosts are termed radiational frosts, as opposed to advective frosts which are caused by the movement of cold air masses.   
Several strategies have been employed to protect plants from injury during periods of temperature inversion.  One of the most widely-employed strategies involves the use of overhead irrigation.  The irrigation is used to induce ice formation on the plants since heat is released (79 calories/g) when water freezes and this heat is transferred to the plant at least in part.  However, irrigation must be supplied continuously during the period of freezing air temperatures to ensure sufficient heat transfer to the crop.  Irrigation is only effective if the air is calm because wind movement will increase the rate of water evaporation prior to freezing e and will withdraw heat from the plants.  In addition, since the amount of heat consumed during evaporation (607 cal/g) is much greater than the amount released by freezing (79 cal/g) the rate of freezing must be at least eight times greater than the rate of evaporation for heat to be transferred to the plant.  If the period of freezing temperatures persists for a long period of time the total amount (weight) of ice accumulation may be so great as to cause branch breakage.  
Other crop protection strategies that can be employed during periods of radiational cooling include the use of plant coverings, such as woven cloth or glass (cold frames) to trap some of the heat (infrared radiation) lost from the soil and plants.  More dramatic, and expensive methods, can also be employed including the burning of kerosene to warm the air and the use of wind machines or helicopters to mix the cold ground level air with warmer air from above.  
17) Herbaceous perennials that exhibit neither freeze avoidance nor freeze tolerance are able to survive in very cold climates.  How is this possible?  What about non-hardy trees and shrubs?  What provides thermal insulation in this case (p. 181-182)?

Herbaceous plants may overwinter underground, as corms, bulbs, tubers, or perennial roots.  These organs are insulated from cold temperature exposure by the soil.  

Trees and shrubs generally do not produce specialized underground perennating structures but the base of each plant is typically insulated from cold temperatures by combinations of leaf litter, mulch, and snow cover accumulation and will survive.  Each spring regrowth is possible from viable shoot buds at the base of the plant.   
