PLANT BIOLOGY

24. Secondary Growth
a. Plant of the Week
[image: image1]Scientific name : Liriodendron tulipfera L.

Common name: Tulip Tree/ Yellow Poplar

Family: Magnoliaceae

Class: Magnolidae

Phylum: Anthophyta

Kingdom: Plantae

b. Botanist of the Week

Name:  Frits W. Went

Dates: 1903 - 1990 

Country of origin: The Netherlands

Contribution to Plant Science:

Went was born in Utrecht the son of a well known botanist. In the 1920s he also became famous with a now classic set of experiments using oat coleoptiles to show the existence and mechanisms of auxins. He came to the US in 1933 and remained.  In later life he became Director of the Missouri Botanical garden, designed controlled greenhouse environments, and studied desert ecosystems and air pollution
c. Cambial growth and development
· Structure and function of secondary tissues

· Factors controlling cambial growth

· Internal

· Environmental

d. Types of tree growth
· Primary growth

· Growth in length

· Apical meristems

· Secondary growth

· Growth in diameter

· Lateral meristem

· Vascular cambium

· Cork cambium

e. Structure and function of secondary tissues
· Principal functions

· Xylem

· Mechanical support

· Transport of water and nutrients

· Storage

· Phloem

· Carbohydrate transport

· Bark storage proteins

· Protection (outer bark)

f. Cambial growth and development
· Vascular cambium:

· cylindical lateral meristem

· cambium is made up of cambial initials

· fusiform initials 

· Produce xylem conducting cells and fibers toward inside

· Produce phloem conducting cells, companion cells and fibers toward outside

· ray initials – produce ray cells (mainly parenchyma)

g. Division of cambial cells
· Periclinal (additive) division

· one cambial cell stays a cambial cell, while the other is ‘destined’ to form a secondary xylem or phloem cell

· usually 4-6 new secondary xylem cells for each phloem cell

· Increases radius

· Anticlinal (multiplicative) division

· fusiform initial splits in two - both remain part of the cambium

· allows cambium to increase in circumference

h. Wood cell differentiation
· Enlargement - only primary cell wall is present

· Wall thickening - initially all cellulose, arranged in microfibrils

· Lignification - walls become rigid, lignin is ‘glue’ between cells

· Death - support and conducting tissues die shortly after they are cut off cambium

i. Differentiating Secondary Xylem
· Cells from top to bottom showing a sequence of cell walls thickening and being lignified (lignification indicated by brown color).

· Pinus taeda

j. Earlywood and Latewood
· Earlywood (Springwood)

· Low density wood produced  early in season with high resource levels

· Large tracheid cells for water conductance

· Latewood

· High density wood with tightly packed cells produced late season with limiting resource (water) levels

· Smaller condensed tracheid cells

· In temperate woody species Early/Latewood growth layers are indicative of annual growth (annual growth ring or increment)

· Used for age derivation and determination of growth rates

k. Different types of trees produce different types of wood
· Gymnosperms (Conifers)

· Tracheids

· Resin ducts

· Ordered arrangement

· Softwoods

· Angiosperms (Dicots)

· Vessel elements, tracheids, and fibers

· Random organziation

· More parenchyma, larger rays

· Hardwoods

l. Rays
· Produced by Ray Initials in Vascular Cambium

· Horizontal aggregated cells that radiate in the stem

· Purposes

· Store carbohydrates and minerals

· Radial translocation of water, minerals and organic compounds

m. Sapwood vs. Heartwood
· Sapwood is active conducting tissue

· Based on pipe-model theory, tree leaf area is proportional to sapwood area

· Heartwood is usually darker, full of extactives, provides mechanical support

n. Structure of a Woody Stem
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o. Bark: Secondary Phloem and Periderm
· Secondary phloem 

· transports water and organic solutes between roots and leaves

· derived from vascular cambium

· Periderm is outer suberized layer

· Phellogen - cork cambium

· Phellem (cork) densely packed dead cells with suberized walls

· Phelloderm (secondary cortex) are parenchyma cells

p. What is wood made of?
· Primary components

· Cellulose

· Main constituent of cell walls

· Hemicellulose

· Found in all woody tissue

· Lignin

· Amorphous polymer “glue” that holds wood together

· Secondary components

· Extractives

q. Control of cambial growth
· Since wood is largely composed of polysaccharides, any reduction in photosynthetic production will reduce radial growth

· Regulation

· Internal 
· Source-sink relations (carbohydrate availability)

· Genetic variation within and among species

· Hormonal control
· Auxin acts as a ‘turn-on’ signal for earlywood production

· When shoots are actively growing auxin is translocated basipetally down the stem

· As shoot growth slows, flow of auxin slows and latewood forms

· External

· Any environmental factor that impacts carbon assimilation will affect radial growth

· Water

· Temperature

· Nutrition

· Light

· External factors such as gravity and wind affect growth

· During the growing season water is the most critical factor controlling radial growth

· Sensitivity of cambial growth to water stress forms the basis of the science of dendrochronology

r. Source-sink strength
· Source - portion of the plant where photosynthates are produced (leaves, green stems, remobilized from storage)

· Sink - portion of the plant where photosynthates are used or stored

· Cambium is a diffuse sink

· Priority of sink strength

fruits & flowers > leaves > shoots > roots > radial growth

s. Environmental control cambial growth-Water
Water deficits limit cambial growth directly and indirectly

· Direct effect - loss of cell turgor needed for cell expansion

· results in flattened latewood cells

· process may be reversible - production of false rings

· Indirect effect - Inhibition of synthesis and translocation of hormonal growth regulators from the crown

t. Environmental control cambial growth-Temperature
· In temperate zone species, temperature is critical in determining length of active growing season -especially initiation of growth

· Soil temp. ≈ 40oF needed for re-initiation of growth in spring

· Length of radial growth may be as short as 2-3 months

· 10 months in So. pines

u. Environmental control cambial growth-Temperature extremes
· Sunscald  (bark scorch)

· usually found on S or SW side of tree

· often associated with transplanting or thinning

· thin or smooth-barked species

· Frost cracking

· due to rapid temperature fluctuations

· stems warms during the day and then re-freezes at night

v. Environmental control cambial growth-Nutrition
· Principle impact of nutrition on wood formation is increased overall photosynthetic production

· Mainly due to overall increase in tree leaf area

w. Environmental control cambial growth - Light
· Intensity

· Thinning response

· Duration (photoperiod)

· Long days promote radial growth

· Short days inhibit radial growth

· Light quality (red-far red)

· Photomorphogenesis

PAGE  
127
TURFGRASS MANAGEMENT FOR GOLF COURSES

[image: image2.png]


