Shoot Anatomy
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Shoot Growth

1) Free growth – Juniperus, Thuja (cedar), Tsuga (hemlock)

Concurrent initiation and elongation of new stem cells

Buds contain shoots & some preformed leaves, but can develop more if 

conditions are favorable

2) Fixed growth – Picea (spruce), Quercus (oak), northern Pines

Bud forms first year, elongation second year



All components of next years shoot are contained in the bud

# of cells fixed from year 1, but elongation size influenced by 

conditions in year 2

3) Fixed and Free growth – Populus (poplar), Betula (birch)



Spring flush of fixed growth and summer flush of free growth 

under good conditions

Elongation is triggered by the following:

Has the chilling requirement fulfilled (if not, break bud in February)?

Has the heat-sum (number of growing degree days) been attained?

Is the photoperiod (length of daylight long enough?

Mid-summer (1) drought or (2) heat can temporarily stop shoot growth.  It may restart when conditions improve.

Nutrient accumulation by crowns of young stands is typical.  They want to tie up nutrients before they are lost (leached).  Approximately 80% of total N in a stand is accumulated in the foliage during the first 30 years.

Intermittent growth is the rule!!

This is determined by environmental constraints such as cold temperatures or water stress.  Buds may become resting (which can resume 1-2 weeks after favorable conditions return) or dormant (which cannot).

Types of shoots


Syllepsis – development of a lateral shoot directly from a growing terminal 

meristem (common in tropics, not in temperate areas) – same time as 

main axis


Prolepsis- lateral shoots develop after a rest period & lateral bud formation 

(usually after winter dormancy) after main axis is far beyond the bud point

Lammas shoots – when the terminal shoot exhibits a resumption of growth 

after bud set.  Thus, a late summer flush is bad for dormancy.

Stem Growth
The ability to form (add) consecutive layers of structural tissues to the primary stem distinguishes woody species from all other plants. 

Secondary Growth
strengthens the stem

increases transport of food & water between shoots & roots

Secondary growth includes: Heartwood, Sapwood, Cambium, Inner Bark, Outer Bark

The cambium is a meristematic (undifferentiated) sheath of cells that surrounds stem, shoots, & roots.  The Vascular Cambium (which creates the phloem & xylem) is 1-10 cells wide when dormant and 5-40 cells wide during periods of active growth.  This tissue contains a zone of actively dividing cells that will differentiate to become xylem & phloem.

Initiation of cambial growth

Cambial growth is induced by hydration, warm temperature & day length (sound 


familiar??).

It then creates the water- and nutrient-conducting cells (xylem) & the 


photosynthate-conducting inner bark (phloem).
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Phellem – very outer portion of the bark.  It often flakes off in plates or peels from the 


tree.  

Phelloderm – generated by the phellogen.  It can contain chlorophyll & functions in 


defense.

Cork Cambium (Phellogen) – dividing zone of cells that forms the phellem to the 


outside & the phelloderm to the inside.  In other words, it creates the outer bark.  


It is constantly on the move outward as the tree grows.  New phellogens can 


form deeper within the phloem and push the older phellogen with its phellum 


outward.  Chlorophyll can be found in and around the phellogen.

Phloem Cells


The conducting phloem is only 0.5 – 1.0 mm thick and thin-walled.  


It is developed from the cambium.


They retain their cytoplasm (i.e., stay alive) for about 1 year, and so must be 



continually differentiated.  


Sometimes called the inner bark.


Their job is to transport sugars throughout the plant (wherever needed – 



roots, stem, fruits, seeds, etc.).

The phloem contains 4 types of cells:

Sieve elements connected with sieve plates to form sieve tubes


Active loading and unloading of solutes throughout plant wherever 




needed – from leaves to rest of tree.  This is not a passive process, 




but requires energy

Companion cells (lots of connections to sieve elements at subcellular level)



Help keep sieve elements viable & stores solutes

Phloem parenchyma cells (storage & lateral transport of solutes & water)

Phloem fibers (strength)

Bark Formation includes all tissues outside the cambium (inner living phloem & dead outer tissue [rhytidome]).  The phloem cells of inner bark are not lignified, so only function for a few years before collapsing & becoming part of the outer bark (periderm).  The Periderm = Phellogen (cork cambium, makes Phellem & Phelloderm) + Phellem (suberized - cork cells) + Phelloderm (unsuberized)  The purpose for bark?  protection & reduction of water loss
Xylem

Xylem cells develop and then “die”.  All cytoplasm removed within 1 week.  Xylem cells also contain a lignified secondary cell wall, which adds compression strength on cells to prevent them from collapsing under the extreme tensions they will face.  The secondary wall is also less permeable to water than primary walls because of its lignin content.  Therefore, they contain pits (simple or bordered) which allow water flow between cells.  In a plant 1 m tall, 99.5% of all water is transported through the xylem.  This percentage increases as plant height increases.

Xylem cells are hollow and conduct water in a manner similar to a straw – Xylem cells must be dead to conduct water.

Xylem cells consists of: Tracheids, Vessels, Xylem fibers, Xylem parenchyma.  

All of them are “dead" except the parenchyma!
2 layers of Xylem – 

heartwood (central core) – inactive, only serves as support
sapwood (outer portion) – active transport of water & support
Longitudinal Types of Xylem Cells (90% of the xylem) – allow vertical movement

[image: image1.png]Lateral Primordia

D

Bud Scales
(Can count

# Age Classes of Needles needle age)

= f(species: spruce, fir = 1020

pine =24 Different Needle

=f(environment: drought = drops Lengths = flenvironment)

needles early
light = self-pruning















Note that the tracheids have long, angled connections 


with each other, while the vessels stack one on top of the 


other.  Tracheids are connected by pits, while vessel 


elements are connected by partially perforated walls.

Tracheids are smaller and shorter than vessels.  Vessels move more water but are more susceptible to aspiration (cavitation?)  Worldwide distribution of trees is at least partially related to the type of xylem controlling water conduction.

Tracheids are found in gymnosperms & angiosperms.  They have tapered ends that overlap in a somewhat random arrangement.  They form files of cells in which water moves from one tracheid to the next through pits.  Tracheids may have spiral thickenings to resist compression (like a vacuum cleaner hose).  The pits (or bordered pits, which can aspirate & seal off for protection during freeze/thaw & drought) are an adaptation for maintaining water conduction in spite of freezing & thawing.

Vessels are found in angiosperms.  They have perforation plates at the ends to allow water movement from one vessel to the next.  Vessel elements combine to form long tubes (few cm to several m’s) for vertical movement of water.  Lateral water movement only occurs through bordered & half-bordered pits.  They communicate with neighboring vessels via pit pairs.  Since they are large, they are able to supply large amounts of water quickly.  The resistance to water flow is low, so water moves more rapidly than in tracheids.  Problem: cavitation – safety issue!!

Cavitation
Water is under such great tension that it can become physically unstable.  As tension in the water increases, there is an increased tendency for dissolved gases within the water to escape into the vapor phase.  Once the gas bubble is formed, it will expand, filling the vessel element.  The perforated plates at the end of the vessel prevent it from expanding further and doing more damage.  But, the gas bubble breaks the continuity of the water column & water transport stops within that collection of vessels.  This is not unusual, so trees have developed ways to detour around the cavitated vessel element and continue using the unaffected vessels.

A pressure gradient of about 3 MPa (29.6 Atm!) is needed to lift water to the top of a 

100-m tree (such as a redwood).   

The water must overcome friction it has with the sides of the xylem tissue.  


In trees, this friction is 0.02 MPa m-1 (X 100 m = 2 MPa).  

Then, the force of gravity causes a standing column of water in a 100-m tall tree 


to weigh 1 MPa, 

so we need a pressure difference of 2+1 = 3 MPa across the cells to pull the 


water up the tree.   

That is 29.6 atmospheres!  

Pressure at sea level = 1 atmosphere, while 

here in Missoula, we have an average air pressure of 0.88 atmospheres. 

Astronauts feel forces equal to 3.2 atmospheres during liftoff.  

A human under pressure equal to 5 atmospheres (5G’s) will often pass out!

Note: Many angiosperms contain BOTH tracheids & vessels.  Gymnosperms only have tracheids.  Very few trees have only vessels.

Transverse Types (10% of the xylem) – allow lateral movement

Parenchyma cells are thin-walled living cells in xylem that run horizontally and store sugars, minerals, etc.  They 

transport selected minerals and nutrients into & out of the vessels.

Ray tracheids (found in conifers) allow for horizontal transport of water in the xylem system.

Trees are differentiated by vessel size and location:

Diffuse porous (walnut, cherry, beech, aspen)
  

Smaller vessels more uniformly distributed throughout the growth ring

Ring porous (oaks, hickories, ashes) 
           

  

Concentration of large vessels in earlywood and small vessels in latewood.

Growth Rings – xylem formation increases diameter of trees


Growth rings become distinguishable by formation of earlywood & latewood within the xylem

The width of ring depends largely on weather conditions of current year (i.e., temperature & water).  Dendrology is the study of tree rings and can be extremely useful in assessing global climate change by aiding researchers in distinguishing between “natural” and human-influenced” climate change.  The natural variation of past climactic record is contained in tree rings because ring width & maximum wood density change with climate.

Earlywood consists of xylem cells with a large diameter and thin cell walls (usually grown early in the).  It is less dense than latewood.  Latewood consists of xylem cells with a small diameter and a thick cell wall (usually grown late in the season.  Its thickness & density depends upon average mean temperature. 

The demarcation between earlywood and latewood can be sharp or gradual:


Sharp: ring-porous – hard pines, Douglas fir, larch, juniper,


Gradual: diffuse-porous – maple, birch, alder

The demarcation is much sharper in trees grown in wet areas w/ cold winters than in hot, arid areas, so trees in Montana have much clearer growth rings than trees in the tropics.

Cause of transition from Earlywood to Latewood:


Bud set, as trees get ready for dormancy


Low temperatures, drought, photoperiod (daylength) => due to effect on hormone balance

Juvenile wood – The 1st 15 years is xylem – no heartwood.  It has a low specific gravity, low cellulose content, short tracheids, and poor wood quality.  

Heartwood-Sapwood transition


Sapwood becomes non-conducting with age because the xylem plugs up with resins, cavitates, gets damaged, etc..  Leaf and branch pruning (as branches self-prune, heartwood forms) also lead to damage.  As a result, sapwood becomes heartwood, which is non-conducting and used for support only.  Can a tree live without its heartwood?

























