HORTICULTURE 101 READING GUIDE

HORMONES AND PLANT GROWTH – Chapter 11, pp. 311-317
1) Ethylene is the only plant hormone that is gaseous.  Can you think of any possible advantages this characteristic in terms of ethylene’s ability to affect multiple cell and tissue types in a plant?
Diffusion occurs more rapidly in gases than liquids.  Hence, ethylene could rapidly spread though the tissues and organs via diffusion through the air spaces of the cell walls/apoplast (See the Plant Cell Reading guide).   Also, the concentration of ethylene would be expected to equilibrate rapidly than would be possible for hormones that are liquids or solids at room temperature, resulting in more uniform effects.  The possibility for ‘interplant’ signally also exists.  The same is true for jasmonic acid, which though a technically a liquid, is highly volatile and thus easily vaporized. 

2) During periods of waterlogging (excessive soil water) why does ethylene accumulate in the shoot but not in the roots where its biosynthesis starts at?   HINT:  See Figure 11-20 showing the ethylene biosynthesis pathway?

The final reaction in ethylene biosynthesis, the conversion of 1-aminocyclopropane-1-carboxylic acid (ACC) to ethylene requires oxygen gas.  At oxygen concentrations less than 2% ethylene synthesis stops.  The ACC, however, accumulates and is able to move up into the shoot system via the xylem sap.  In the stem and leaves the ACC is converted to ethylene.  Depending on the plant species, the ethylene may trigger both adventitious root formation and the internal cell divisions creating air spaces in the stems.  Both changes would help a tree to survive flooding.   

3) What are three major horticultural uses for ethylene discussed in the textbook?
a. Promote ripening in climacteric fruits, such as apples, pears, bananas, mango, avacados, pear, persimmon, kiwifruit, and apricot.  

Climacteric fruits in which the final stage of maturation is correlated with a burst of 
respiration that is triggered by ethylene of either internal or external origin.  These fruits 
can be picked prior to being fully ripe and induced to ripen after harvesting.  By 
controlling ethylene concentrations during storage and shipping it is possible to control 
the shelf life and ripening of climacteric fruits.  See Chapter 15 (pp 400-404), for an 
interesting discussion of the use of controlled or modified atmospheres to regulation fruit 
and vegetable longevity.  In general the oxygen concentrations of the air in the storage 
facility or packaging container are lowered and/or the carbon dioxide (CO2) 
concentrations increased.  The lower oxygen limits ethylene synthesis and 
browning/aging in general.  CO2 competitively inhibits ethylene synthesis.  
b. To promote fruit abscission in species such as cherries and walnuts, facilitating mechanical harvesting.
c. For flower induction in pineapples (bromeliads)
d. To stimulate latex production/flow in rubber trees.
e. To stimulate adventitious root formation from stem cuttings in some species.

4) Why is ethylene sometimes termed the ‘aging’ hormone?

Because of its near universal promotion of abscission, chlorophyll degradation and fruit ripening.  However, ethylene is not always inhibitory and many plant growth processes are promoted by ethylene; i.e., seed.germination (in some species), adventitious root formation, lactifer (latex vessel) differentiation, and flower induction (in bromeliads), etc.  In addition, ethylene has strong effects on plant morphogenesis (i.e., the triple response of seedlings) that are not necessarily associated with aging or senescence.
5) What liquid chemical is used in lieu of direct ethylene application?  Explain its “mode of action”.

Ethephon (2-chloroethylphosphonic acid).   Following absorption, ethephon degrades, releasing ethylene, chloride, and phosphate.
6) Abscisic acid (ABA) generally inhibits plant growth. What are the three primary effects of ABA discussed in the textbook?
Dormancy induction and maintenance (in both seeds and buds); stomatal regulation, with ABA accumulation causing closure, and abscission in experimental systems (but less in intact plants where ethylene appears to play a predominant role in the induction of abscission)

7) What proteins and secondary chemicals, that inhibit insect feeding and fungal pathogens, are induced by jasmonic acid?
Induced proteins include proteinase inhibitors and chitanases.  Proteinase inhibitors inhibit enzymes that break down proteins (proteinases).  Since protein degradation is essential for digestion, proteinase inhibitors interfere with food digestion in insects.  Proteinase inhibitors may also interfere with insect development (molting, etc.) by preventing the cleavage of regulatory proteins from an immature to mature form.  Chitanases break down chitan, a polysacchardide. Chitan is a major component of both the exoskeletons on insects and of fungal cell walls.  However, chitan is not a structure component of plants.  
Induced secondary chemicals include volatile aldehydes and oxoacids that also have a defensive function.  

8) The biosynthesis of which hormone(s) (ABA, jasomonate, or ethylene) are induced by wounding?  Which are induced by environmental stresses, especially water stresses/drought?
Ethylene, jasmonates – wounding is the primary inductive stimulus.  Jasmonates are naturally produced in response to herbivory.  
ABA – stress (especially water).  Salinity and temperature stresses are also indicated as triggers for ABA synthesis in your textbook, but both may act indirectly via their effects on water availability.
