HORTICULTURE 101 READING GUIDE

LIGHT AND PLANT GROWTH – Chapter 5 
1) Pigments are molecules that absorb light.  What four types of pigments are present in chloroplasts?  Which is directly involved in photosynthesis and which are “accessory” pigments?  What are accessory pigments?
Chlorophyll a – directly involved in photosynthesis.  Upon absorbing light specific chlorophyll as molecules are oxidized (meaning that they lose electrons) and these electrons are transported through a series of carriers in chloroplast membranes and used to produce ‘chemical energy’ that is used in the enzymatic reactions of photosynthesis.   

Chlorophyll b – accessory pigment

Carotenes – accessory pigment

Xanthophylls – accessory pigment

Accessory pigments are not directly involved in the process of photosynthesis.  In theory photosynthesis could occur without these pigments.  However, they facilitate the process of photosynthesis by absorbing light energy and transferring it to the chlorophyll a molecules (p. 101).  Because of accessory pigments that total amount of light that can be used is increased. 
2) Which portions of the electromagnetic spectrum are considered “photosynthetically-active”?   Are all wavelengths of light within this range utilized (absorbed) to an equivalent degree during photosynthesis?  Please explain.  (HINT:  See Figure 5-4).
Wavelengths of light from 400-700 nM constitute the photosynthetically active portion of the spectrum.  These same wavelengths also constitute the visible portion of the spectrum as it is typically defined.  Only the specific wavelengths that are absorbed are used in photosynthesis.  In the case of chlorophyll molecules only blue (400-500 nM) and red (600-700 nM) wavelengths of light are absorbed.
3) What is unique about the process of photosynthesis in plants exhibiting Crassulacean acid metabolism, termed CAM plants.  When is carbon dioxide absorbed and what are the chemical products of this initial fixation reaction?  When are carbohydrates synthesized by photosynthesis (day or night)?  How do these metabolic adaptations facilitate water conservation?

What is unique is that carbon dioxide that is used in photosynthesis is absorbed primarily at night.  At night the air and leaf temperatures are cooler so there is less of a gradient for water loss from the plant (evaporation) and water is conserved in comparison with plants that open their stomata (leaf pores) for carbon dioxide absorption during the day.  The carbon dioxide absorbed during the night by a CAM plant is not used directly but is rather combined with an acceptor molecule (phophoenolpyruvate) to form oxaloacetic acid, and other four carbon acids (malic acid, aspartic acid etc.) that are stored in the vacuole.  During the day these acids are moved out of the vacuole and ‘decarboxylated’ releasing the carbon dioxide and regenerating phophoenolpyruvate.  The carbon dioxide is used for photosynthesis during the day.  Because of the accumulated carbon dioxide reaction products (4 carbon acids) samples prepared from the leaves and stems of CAM plants are more acidic at night than during the day, hence they exhibit and ‘acid metabolism’ 

4) Plants that are grown in the dark for a sufficient length of time to induce changes in their phenotype are said to be ‘etiolated’.  What ‘symptoms’ are characteristic of the etiolated condition?

Typical symptoms include; 

1) increases in the degree of internode elongation resulting in tall, spindly shoots that appear to be “growing” or “stretching” towards the light, 
2) delayed hypocotyl or epicotyl ‘hook’ opening (in dicots) 
3) a suppression of leaf expansion (in dicots)

4) incomplete chlorophyll synthesis, resulting in a white to pale yellow leaf and stem color.  

5) What is blanching?  What are some of the horticultural uses for blanching discussed in your textbook?

Blanching is a horticultural practice in which light is excluded from a whole plant or from portions of a plant that would normally be exposed to the light.  Several uses for blanching are introduced in your textbook including:

a) Cauliflower heads (inflorescences) are blanched to maintain a solid white color and mild flavor.

b) The lower portions of onions and celery stalked are blanched to provide a green-white color contrast.

c) Blanching through mounding with soil or mulch is used in potato to prevent tuber greening.  

d) Blanching may also be used to facilitate vegetative propagation  since etiolated stem tissues frequently being more competent for vegetative propagation than light grown tissues, as has been routinely demonstrated in the context of stem cutting propagation.  Blanching is important in air layering (the process of root induction from the aerial portion of a stem)
6) In the case of fall color development and nutrient deficiency-mediated chlorosis, does the change in leaf color from green to yellow or orange result from carotenoid biosynthesis, with carotenoids being the only plant pigments that confer yellow or orange colors?   Explain.

No.  In both cases the color change occurs primarily as a result of chlorophyll breakdown and nitrogen recycling.  Carontenoids are already present but are ‘masked’ (hidden) by the more abundant chlorophyll pigments.  In the case of the nutrient deficiencies, the problem is not so much one of chlorophyll breakdown but one of chlorophyll synthesis.  Iron and magnesium, for example, are both necessary for chlorophyll synthesis and when either nutrient is limiting a plant is not able to synthesis enough chlorophyll for its needs.  Depending upon whether the limiting nutrient is able to be moved within a plant the chlorosis may develop first in younger leaves (when the nutrient is immobile as in the case of iron) or first in older leaves (when the nutrient is mobile as in the case of magnesium)  
7) For many light-dependent processes, the light detection (perception) process is mediated by the pigment, phytochrome.  Referring to Fig. 5-23 and the text, explain the basis for the photo-reversibility of many phytochrome mediated responses in terms of what we know about the “molecular behavior” of the phytochrome molecule?  

Phytochrome may exist in two alternate conformations (shapes).  One conformation, termed    the red form of phytochrome (Pr) absorbs light maximally in the red region of the spectrum (660 nm).  The second conformation, termed the far red form of phytochrome (Pfr) absorbs maximally in the far red portion of the spectrum (730 nm).  Upon absorbing red light the Pr form converts to the Pfr form and visa versa.  For many biological responses the Pfr from represents the ‘active’ form, meaning that it promotes the process being studied.  In such cases, the process in question is promoted by red light, which converts most of the phytochrome pool to the Pfr form.  Many phytochrome-mediated responses are also photoreversible; i.e., the effects of exposure to one form of red light (far red or red) can be reversed by exposure to the second form of red light provided that the second light exposure occurs shortly after the first exposure.  Photoreversibility involves the interconversion between active and inactive conformations of the phytochrome molecule.

8) Phytochrome is synthesized in what form (Pr or Pfr)?  What is the ‘active’ form of phytochrome?

Phytochrome is synthesized in the Pr form.  For many plant developmental processes the Pfr from is ‘active’ form.  
9) Explain the differences in growth rate under incandescent vs. fluorescent (cool white) in terms of differences in proportion of red to far red wavelengths for each light source.  See p. 116.
Incandescent lights emit relatively more far-red light than red light (higher far red to red ratio), while cool white fluorescent bulbs emit more red than far-red.  Plants tend to grow taller with incandescent lighting since a higher percentage of the phytochrome pool is in the Pr form.  The Pr form is the synthesized form of phytochrome.  This is the predominant form of phytochrome in etiolated seedlings.  Upon transfer to white (or red) light the phytochrome is converted to the Pfr form resulting in de-etiolation, including greening and a slowing of the elongation rate. 

10) What environmental factors affect the degree of anthocyanin production in fruits and leaves in the Fall. What conditions favor maximal anthocyanin synthesis?  See also p. 49 on Fall leaf coloration.

The amount of anthocyanin production is the greatest if the days are sunny and warm but the nights are cool and the amount of rain is limited.   Under this combination of environmental conditions significant photosynthesis can occur, but the cool night temperatures interfere with the transport of sugars out of the leaves or fruits resulting in sugar accumulation in the leaves or fruits  This build-up of sugars is also facilitated by the lack of rainfall which has the potential to leach some of the sugars.  The accumulated sugars are frequently used for anthocyanin synthesis.  If the sugars were not utilized in this maner, the entire process of photosynthesis would be liable to shut down.  
11) Define the terms ‘light compensation point’ and ‘light saturation point’?  
Light compensation point – the light intensity at which the amount of carbon dioxide fixed by photosynthesis equals the amount produced by respiration

Light saturation point – the light intensity above which the rate of photosynthesis fails to respond positively to further increases in light intensity.   The light reactions of photosynthesis at running at maximal rate.  Photosynthesis is limited by carbon dioxide absorption rather than light absorption. 
12) In general, plants should not be abruptly transferred between environments differing significantly in light intensity.  To avoid injury (or death), the plants must be acclimated to the new light environment prior to transfer.  Can you explain acclimization in terms of the concept of sun and shade leaves?
Light intensity affects leaf development.  Leaves produced under low light conditions, termed shade leaves, differ significantly in morphology and physiology from leaves produced under high light conditions; e.g., they are thinner and have a higher chlorophyll content, among other differences.  The differences between shade and sun leaves are of adaptive value for the light environment that the leaf developed in, but generally cannot be changed after a leaf has matured.  During acclimization, the plant produces additional leaves which are better adapted to the new light environment. 

