1. [bookmark: _GoBack][image: http://www.ovcf.org/ovcf_wp/wp-content/uploads/2011/10/roots.jpg]root
ro͞ot,ro͝ot/
noun
plural noun: roots

the part of a plant that attaches it to the ground or to a support, typically underground, conveying water and nourishment to the rest of the plant via numerous branches and fibers
http://www.ext.colostate.edu/mg/gardennotes/132.html
[image: The world's Longest roots]The roots are the beginning of the vascular system pipeline that moves water and minerals from the soil up to the leaves and fruits.  Roots make up around one-fourth to one-third of the total dry weight of a plant.  The plant that grows the world's longest root system is the single winter rye plant (Secale cereale).
In a mere 1.8 cubic feet or .5 cubic meters the single winter rye plant can grow roots measuring up to 387 miles or 622.8 kilometers.
To function, roots must have adequate levels of soil oxygen.  Soil compaction or waterlogged soil situations, which reduce soil oxygen levels, will kill roots and lead to a shallow root system.  
DON’T BURY YOUR PLANTS TOO DEEP!
The structure and growth habits of roots have a pronounced effect on 
· Size and vigor of the plants
· Adaptation to certain soils

Because they are out of sight, roots are often out of mind.  They are widely overlooked as to their significance in plant health.  Eighty percent of all plant disorders include soil/root problems.
[bookmark: function]Functions of Roots
· Anchor and support plants 
· Absorb and conduct water and minerals  
· Store products of photosynthesis (carbohydrates, sugars, proteins)
· Winter survival of perennials 
· Horticultural uses
· Food and feed 
· Propagation
· Soil erosion control
[image: http://upload.wikimedia.org/wikipedia/commons/1/13/6209-GenShermanTree-SequoiaNatPark.jpg]The Redwood Root System
You would think that a 350-foot-tall tree would need deep roots, but that's not the case at all with the Sequoia sempervirens. Redwood tree roots are very shallow, often only five or six feet deep. But they make up for it in width, sometimes extending up to 100 feet from the trunk. They thrive in thick groves, where the roots can intertwine and even fuse together. This gives them tremendous strength against the forces of nature. This way they can withstand high winds and raging floods



[bookmark: structure]Structure                                                                                      Figure 1.  Root hairs are an extension of the epidermis.
· [image: root hairs]Epidermis – The outer layer of cells 

· Root hairs – Absorptive unicellular extensions of epidermal cells of a root.  These tiny, hair-like structures function as the major site of water and mineral uptake.  Root hairs are extremely delicate and subject to desiccation.  Root hairs are easily destroyed in transplanting. 


· Vascular system – Bundle of xylem and phloem tissues 

· Phloem tissue conducts products of photosynthesis from leaves THROUGHOUT the plant including DOWN to the roots. 

· Xylem tissue conducts water and minerals UP from the roots UP through the plant
[image: Cross section of root][image: External view of root]Figure 2.  Cross section view of a root.





Figure 3.  External features of a root.
[bookmark: types]Types of Roots 
· Fibrous – Profusely branched roots that occupy a large volume of shallow soil around a plant's base.(petunia, beans, peas, grass, bamboo, lily, rice, wheat, cactus, maple, ash, cottonwood etc)
[image: http://bugs.bio.usyd.edu.au/learning/resources/botany-old/images/primary_roots/Carrelphot04b.jpg][image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcQnAiU-EWtw0nPoZmA1oQaXU8JNea_L_DbeLFhE5hOse9aqx6Kovw] [image: http://www.fanntum.com/images/advantages/fibrous_roots.jpg]  [image: http://www.biologie.uni-hamburg.de/b-online/library/webb/BOT311/Roots/RootCarrotOnion300.jpg] 

Advantages: large surface area is more efficient for absorption of water and nutrients from the top soil which is usually the more fertile (has more nutrients), really good at soil retention – prevent erosion.

Disadvantages:  It cannot support taller plants as well.  Not able to absorb water from the water table. Do not do as well in drought periods.  Not good at storing water or carbohydrates

· Taproot – Main, downward- growing root with limited branching, where soils permit.  (carrots, beets, radishes, oaks, hickory, walnut, conifers) Tap roots may end up looking less like the “typical” shape especially if the soil is low in oxygen, the soil is highly compacted, or the water table is near the surface.
[image: http://www.landscapeonline.com/research/lcn/2004/08/img/tree-care/taproot-01.jpg][image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcQKtS1tLZstNUN2WrYU7UfyvkUANAfcd_HqtM1qN81La6evrhfl][image: http://www.stepbystep.com/wp-content/uploads/2013/05/Difference-Between-Tap-Root-and-Fibrous-Root1.jpg]
[image: http://images.tutorvista.com/content/angiosperm-morphology/tap-roots-modification.jpeg]



Advantages: capable of taking nutrients and moisture from deeper layers of soil.  Provides better anchorage to taller plants. Good during drought periods

Disadvantages: it is further away from the top soil, not as efficient at getting water

[image:  06_14.jpg                                                      0001A382
new_server                     B951ACB5:]


· Adventitious roots arise at an unexpected place, sometimes out of the stem.  For example, the brace roots on corn and the short whitish bumps along a tomato stem are adventitious roots. Roots may form where ever the stem touches soil.
[image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcTQBrn5sUvLncfRE2CmUeho_pESb-jDWRkyqdhKakn5saF1Y1oeqQ][image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcRm5etNSlwpQEST881HRCXEI0V4YCVvwx3VccVjj7AxLnJ9OXes][image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcRNTNfMqAtZLCaa6rgUy6r_4gSEzvO9fan2qmXQRxF_yXoXNk7rZA]  [image: http://farm5.staticflickr.com/4028/4299449950_3dfc4b13fb.jpg]  


Advantages: provide food or animals, store nutrients, prevent soil from washing away, help a plant climb along a surface. Can be a means of reproduction.

Disadvantages: not very good at supporting tall plants because they are usually shallow

Aerial roots arise from above-ground stem tissues. Almost always is an adventitious root. On English ivy and poison ivy, the aerial roots support the vine.  Aerial roots are common on epiphytes, philodendrons, pothos, and Christmas cactus.
[image: http://4.bp.blogspot.com/-7f72KN2QElE/UK-9DvCIbcI/AAAAAAAABDk/5OFHE5mtOso/s320/roots.jpg]
[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcSOWuI02XNyhZXQXz2XXfYVQ_CRrc1yNc0ln1kzFBtqdGD-9F1AWg][image: http://www.verticalgardenpatrickblanc.com/sites/default/files/styles/slideshow/public/medias/image/9-3-201213-28-4739012.jpg][image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQfETKesZiHlZl4SVFuSX8hcpGWYHsv3XmxSpbWZg-_n2gPV-eH]








Advantage: usually form in humid low light conditions, can be used to get the plant to better lighting, are very strong and hold tight to what they are attached to.

Disadvantage: damage the mortar between bricks on homes. Can strangle other plants or cause damage as they grow too heavy.


· Prop or stilt roots: adventitious roots that develop on a trunk or lower branch that begin as aerial roots (another example; reaching for the water) but eventually grow into a substrate of some type; these roots in some cases seem to provide mechanical support, having either good compression or tensile properties to help support trees at their bases.
[image: https://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcSFMH3hvaXCXSYcSmB3dadsQF1Qx3PLGJ9oaYYHn8PP1xGgb-mtEg] [image: https://encrypted-tbn2.gstatic.com/images?q=tbn:ANd9GcSt_MxGpLqkphkVvPk2V0OSuyHrtpWKWAJyNZeAjb1eOdjOICzWCg] [image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcRBlpxwMBWsFJyyRXlK_5ohEgzT3QEl3_wIV3J4csvxyBp-uEjJSw]


Advantages: very good at supporting the plant and holding it upright windy locations or places of unstable soil

Disadvantages:



· Pneumatophores (mangroves) spongy, aerial roots of marsh or swamps, such as in mangal (mangroves), where roots are present in waterlogged soils and cannot obtain enough oxygen for maintaining healthy tissues. Here, pneumatophores are "breathing roots" that are emergent, and they have special air channels (lenticels) for gas exchange in the atmosphere (air enters at zones called "pneumathodes") and there is an internal pathway for getting O2 into the root and to supply submerged roots. The aerial loop of a mangrove root is sometimes called a "knee" or "peg root," but it is not clear that knees are necessarily breathing roots.

 [image: http://www.asknature.org/images/uploads/strategy/a5b158728e75366081791b00edc08b1e/bb6fef7ac2fb346f85bed8fbc8932d24.jpg] [image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcSSjhw06Ua2QC7zbip1zIcTrcfAlqoQ7Te9PHfR9KNQKwPbsURs] [image: https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcSH0_Fxbm5usltfigxfQT_VAFtbK8TYl5W1HJN86Brmpqcj60NNiw] 
Advantages: allows better gas exchange oxygen to get to the roots

Disadvantages:
· [image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcTxs60rpb46Cz78IV2-Tzxwyg6rmp3tzypkXnmXm0WzPMK3Napm]Buttress or tabular roots: vertically flattened roots that project out of the ground and lower trunk at the base of large trees. Models have suggested how these buttresses provide additional tensile forces to resist uprooting of large tropical trees. Root buttresses can be observed on many rain forest trees, especially as they become mature canopy trees. Beautiful examples are those that form these narrow, fin-like extensions, which have been used by people living in the forest as planks of wood 
[image: http://travel.mongabay.com/colombia/600/co04-1058.jpg][image: http://farm9.staticflickr.com/8501/8349692436_9c04b5a10b_z.jpg][image: https://encrypted-tbn1.gstatic.com/images?q=tbn:ANd9GcQQKh_5u9eat_JPykDsywK7ci0_pC88MO1PYNwDNuW1gzzMDM1N]
Advantages: provides stability for large trees in muddy or very moist soils

[bookmark: depth]Disadvantages:
Depth and Spread 
The depth and spread of roots are dependent on the inherent growth characteristics of the plant and the soil’s texture and structure.  Roots require adequate levels of soil oxygen, so growth habit will be a factor of the soil’s large pore space where oxygen is available.
· On compacted and clayey soils, roots will be shallow, remaining near the surface where oxygen is available.  
· On droughty soils, the root system will spread farther, mining a larger soil area for moisture and minerals.

It is difficult to predict root spread of any plant.  Under favorable growing conditions, the typical root spread of a tree includes:
· 90-95% in top 36 inches
· 50% in top 12 inches
· Spreads 2-3 times tree’s height or canopy (drip-line) spread
On compacted clayey soils, the typical root spread of trees includes:
· 90-95% in top 12 inches or less
· 50% in top 4 inches
· Potentially spreads five plus times the tree’s height or canopy (drip-line) spread
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