HORTICULTURE 101 READING GUIDE

BREEDING PHENOMENA AND TECHNIQUES (Chapter 4, pp. 79-86)

1) What is the difference between qualitative and quantitative traits (characters) and in which case is the phenotype of the plant controlled by a relatively large number of genes? 
Qualitative traits exhibit continuous variation (e.g., plant height, yield, etc.), while qualitative traits exhibit discontinuous variation with a small number of discrete phenotype classes (i.e., red vs. white flower color).  Qualitative traits are controlled by a large number of genes, with each gene traditionally being thought to have a relatively minor impact on the measured trait.
2) Hybrid vigor is a term used to refer to the greater vigor and growth potential of hybrids (between either inbreed lines with a species or between species) than that of the parents.  What are three possible explanations for the superior performance of hybrids?

a) Combination of favorable dominant alleles, based on the premise that the inbreed   parents will homozygous recessive for different genes, and by crossing progeny that are heterozygous dominant are produced with the dominant phenotype being superior to the recessive phenotype.
b) Overdominance – a condition that occurs when the heterozygous genotype confers a phenotype superior to either homozygous genotype

c) Inbreeding depression – a general term that is used to refer to the adverse effects of homozygous recessive alleles on plant vigor and overall phenotype.  The idea is that most of the adverse affects of inbreeding are eliminated in the F1 hybrids.  
3) Aside from hybrid vigor, there are also strong economic incentives for companies to focus on the production hybrid cultivars.  Explain. 

Hybrid cultivars provide a certain level of exclusivity (product protection) since competing companies cannot reproduce a hybrid unless they have access to the same inbreed parental lines.  In addition, since F2 seeds are highly variable in phenotype (trait segregation, see p. 78), there is no incentive for growers to save seed for planting the following season; i.e., they must return to the company to by more F1 seed.  NOTE:  The preference for uniformity assumes a large scale, mechanized farming operation which requires uniformity in plant growth both for pest control and harvesting, and also for ease of processing.  

4) Many plants are dioecious meaning that they produce separate male and female individuals.  For each horticultural crop listed below indicate which sex is preferred and why.

a) Holly – females are preferred for their bright red berries.

b) Ginkgo – males are preferred.  The females produce large fleshy seeds that are messy and are generally considered to have a bad odor, at least in Western cultures, as a result of their high butyric acid content.  The smell has been compared that that of sweaty socks or rank cheese.

c) Ash – females are preferred since the fruits do not add any landscape value (dry brown fruits) and the fallen fruits are considered somewhat messy.

d) Asparagus – males are preferred because they tend to be higher yielding than females which allocate a greater fraction of the energy to sexual reproduction (seeds and fruits).  However, the quality of the female spears is generally considered superior to that of the male spears.
5) What does it mean for a plant to be self-incompatible?
Self-incompatibility is a biochemical phenomenon in which a plant is incapable of being fertilized by its own pollen.  Self-incompatibility is mediated by incompatibility genes.  If the pollen grain and stigma share the same incompatibility gene fertilization is not achieved.  Hence incompatibility may also occur between different plants sharing the same incompatibility gene.  Since many horticultural crops are propagated vegetatively (by cloning) self incompatibility is more of a problem in horticulture than in agriculture.  Pollinizers are plants (different cultivars or species) that are included in a planting as a source of compatible pollen.  
6) What are the advantages of using ornamental crabapples as pollinizers in apple orchards?
a) They produce flowers on both old and new wood, resulting in profuse flower and extended bloom period because the flowers on the old wood often open earlier than those on the new wood.  They also can be prune immediately after bloom forcing new growth and ensuring bloom the next year.

b) The crabapples can be trained as slender poles so they will not compete significantly with the apple cultivar for light, water, or nutrients.  
7) In some monoecious plant species self-fertilization is prevented by dichogamy.  Two types of dichogamy are recognized (protandry and protogyny).  How do they differ?
In dichogamy the stamens of a flower shed pollen at a time when the stigma(s) of the same flower (or of female flowers on a monecious plant) are not receptive.  In protandry the anthers mature prior to the pistils, while in protogyny the pistils mature first.  If dichogamy is the only obstacle to self-fertilization breeders can overcome this limitation by collecting and saving pollen. 
8) What term is used to refer to the effect of differences in pollen source (genotype) on endosperm or embryo characteristics?   Give one example where crop quality is affected.   
Xenia; The example of xenia discussed in the book was that of corn.  The characteristics of a corn kernel are largely determined by the food storage tissue (endosperm).  Since the cell that the endosperm develops from is fertilized by one of the two sperm cells produced by the pollen tube, (‘double fertilization’) the characteristics of the kernel are affected by the male parent.  Cross fertilization between different types of corn (sweet, field, popcorn, or ornamental/colored) can have significant effects on the phenotype of the kernel.  Consequently, ears of corn harvested from a field of sweet corn can include kernels resembling field corn, ornamental corn, or popcorn (all off-types) depending on the pollen source.
