HORTICULTURE 101 READING GUIDE

TEMPERATURE AND PLANT GROWTH (Chapter 6, pp. 141-154, 168-172)
1) Plant growth is only possible between 0-50 ºC (32-122 ºF).  What processes limit plant growth at both ends of this temperature range?
At temperatures below 0 °C, the rate of chemical reactions, enzyme-mediated reactions included decreases to too low of a level of cell growth.  In some cases the maintenance of homoestatis is even impossible and a slow cell/tissue death is observed.    In addition, intracellular freezing is possible resulting in enzyme denaturation (unfolding) and membrane damage.   At temperatures above 50 °C, plant growth is limited by heat-mediated protein denaturation ultimately resulting in cell death.

2) Within the range of 0-30 ºC, the growth rate of plants typically increases in parallel with increases in temperature.  The relationship between between temperature and the rate of an enzymatic reaction, or a set of related reactions, such as those mediating plant growth, may be expressed using a parameter termed the temperature coefficient (Q10).  What is the basic equation for the calculation of Q10 values?  Are plants with larger temperature coefficient more ore less responsive to increases in temperature? 
Q10 = (R2/R1)(10/T2-T1)
NOTE:  T1 = the lower temperature, T2 = the higher temperature, R1 = the rate at the lower temperature, R2 = the rate at the higher temperature.  If the temperature difference equals 10 °C, then the Q10 equation reduced to Q10=R2/R1 since the power that the quotient would be multiplied by equals ‘1’ and any number raised to the one power is unchanged. 

Plants with larger (higher) coefficients are more responsive to temperature changes.

3) What types of “plant responses shown a quantitative relationship to temperature”?
Respiration, parts of photosynthesis, maturation, ripening, germination, and ‘growth’, in general.
4) Your textbook indicates that organ growth (leaf, fruit) is thought to occur mostly at night.  How is this pattern rationalized in terms of a plant’s water status?

With the exception of plants that have evolved CAM photosynthesis (desert plants, and some epiphytes) leaf stomata are typically closed at night.  Water loss from the leaves stops but water uptake from the soil, and water movement into the shoots and leaves may continue.  Cells in the growing regions of the leaves and shoots are better positioned to take up water at such periods.  Water uptake into the vacuole of plants cells creates a positive outward pressure on the cell wall, termed a turgor pressure, that provides the driving force for cell growth.

5) If plant growth occurs primarily at night, why do warmer night temperatures not invariably hasten the rate of plant growth, either at the organ or whole plant level?

The use of food reserves for growth competes with their use for so-called ‘maintenance respiration’.  Maintenance respiration includes any respiration (energy) that is required for the maintenance of normal cell or tissue function, including energy required for the repair of cellular damage (membrane damage, DNA repair, etc), the maintenance of ion gradients across cellular membranes, and normal protein (enzyme) turnover.  Because the rate of maintenance respiration is highly temperature dependent, there is less energy available, in percentage terms, for growth at higher temperatures.

6) Plant growth is frequently responsive to the thermoperiod; i.e., the difference between daytime and nighttime temperatures (DIF).  As a generalization, if daytime temperatures are held constant and are in the optimal range for plant growth (20-30 ºC) what are the effects of decreases in night temperature on stem elongation?
The rate of stem elongation is increased.  The more positive the DIF value the greater the plant height.  Provided that the daytime temperatures are held constant, night temperature and elongation rate are inversely related (within a range of temperatures).

7) What are ‘degree days’ and how are they used to monitor the progress of plants towards the point of harvest?  Why are degree days alone not a perfect predictor of harvest date?

The number of degree days for each calendar day is calculated by averaging the daily maximum and minimum temperatures for a day and subtracting a base temperature from this value (see p. 138 in your textbook).  The base temperature is the minimum air temperature required for growth and development.  For temperatures below the base temperature little or no progress towards harvest is observed.  For most crops the total number of degree days required to reach harvest stage has been calculated; e.g., 1955 to 3375 degree days for grape.  

The correlation between degree days and harvest date is imperfect since several other environmental factors affect plant (and fruit) growth rate, including soil temperature, soil moisture, light intensity, and photoperiod.  In addition, the degree days formula does not include a correction for supraoptimal temperatures; i.e., above a certain maximum temperature additional temperature increases would be expected to adversely affect progress towards harvest.  
8) As a generalization what are the effects of changes in air temperature on the interconversion of starches and sugars as outlined in your textbook?  Which type of carbohydrate (starch, sugar) accumulates in plants during periods of cool temperature?  Give at least two examples of how an understanding of this relationship is used to manipulate horticultural crop quality?

Warmer temperatures favor the conversion of sugars to starches (sugar polymers), while cooler air temperatures favor the opposite ‘reaction’; i.e., starches to sugars.  See pages 148 in your textbook for examples of how this relationship is used to regulate crop quality.  The proportions of starch to sugar are affected both by the air temperatures at the time of harvest (daytime vs. nighttime harvests, early vs. late spring, etc) and the storage temperatures.  For most fruits and vegetables a higher sugar content is preferred; however, for potatoes that are going to be used potato chips a lower sugar content is preferred since sugars are ‘carmelized’ (burnt) during the chip cooking process resulting in a darker chip color.  If potato tubers are stored at too cold of a temperature, sugars accumulate lowering the chip quality.  For leaves and fruits (apples) that develop a red coloration in the Fall, sugars is responsible for stimulating pigment (anthocyanin) synthesis.  The combination of bright sunny days and cool nights facilitates sugar accumulation.  However, in this case, the sugars are not necessarily derived from starch hydrolysis (breakdown) but rather accumulate as a result of the adverse effects of cool night temperatures on sugar export from the leaves or fruits.  If the sugars were not used for anthocyanin synthesis the entire process of photosynthesis may be liable to shut down. 
9) What are the risks associated with sowing of seeds early in the Spring, as a consequence of the cool soil temperatures?

Low soil temperatures would be expected to result in slow and non-uniform seedling germination.  Longer periods of time would be required for seedling establishment, increasing the susceptibility of the seedlings to rotting and disease development.  Seeds germinated in cool, wet soils are especially susceptible to ‘damping off’ disease.  Damping off diseases are caused by a wide variety of soil fungi and water molds such as Pythium.  In damping off disease the seedlings weaken and collapse at the infected spots.  In post-emergence damping off the collapse typically occurs at the soil line. 
10) How can air and soil temperatures be manipulated during stem cutting propagation to promote root formation?  What relationship exits between the optimal soil temperatures for root induction and root elongation?
The optimal temperatures for root induction are 5-7 ºC higher on average than the optimal temperatures for root elongation.  Soil temperatures of 21-27 ºC are typically used for root induction.
11) What effects do organic mulches (bark, straw, etc.) have on the rate of soil temperature change in the Spring and Fall?
By insulating the soil mulches buffer against temperature changes.  What this means in practice is that mulched soils are slower to warm in the Spring and slower to cool in the Fall.  Mulched plants would resume growth later in the Spring and to continue growing longer into the Fall.  For species that are susceptible to spring freezes this would be advantageous.  
12) What is the difference between dormant and quiescent buds?  How would you test whether buds are truly dormant? 
Dormant buds are inhibited form growing as a consequence of their own anatomical or physiological traits; i.e., buds with high concentrations of ABA.  Quiescent buds are inactive, but will grow if provided with favorable environmental conditions (fertilization, warm temperatures, long photoperiods, abundant moisture, etc.).  
13) What are the effects of fertilization (especially with nitrogen) and irrigation on dormancy induction in trees and shrubs?

Fertilization delays the onset of dormancy (cold hardening)

14) What treatments can be used to overcome bud dormancy?
Low temperature exposure.  In our climate several weeks of low temperature exposure (generally at least 6-8 wks, see Table 6-3) are required to break bud dormancy.  For plants or plant samples stored in a cooler temperatures just above freezing (0 ºC) are generally optimal.  
15) What is ‘sweating out’ and for what types of horticultural crops is the technique used to break dormancy?
Sweating treatments are used with bare-root nursery stock (small trees and shrubs) that have been stored under refrigeration.  These plants frequently fail to grow if they are directly planted in the field presumably due to some sort of root localized dormancy.  To stimulate growth their roots are generally soaked in water for several hours followed by several days of storage (whole plant) under moist burlap or straw in a greenhouse or polyhouse at temperatures of 50-70 ºC.  The goal is to use a combination of high humidity and warm temperatures to force growth of the shoot buds.
