FUNDAMENTALS OF SOIL SCIENCE

1. SOIL AS MEDIUM FOR PLANT GROWTH

A. FACTORS OF PLANT GROWTH
The soil can be viewed as a mixture of mineral and organic particles of varying size and composition in regard to plant growth. The particles occupy about 50% of the soil’s volume. The remaining soil volume, about 50%, is pore space, composed of pores of varying shapes and sizes. The pore spaces contain air and water and serve as channels for the movement of air and water. The four important factors for growth: 

· Support, for the plant. 

· Oxygen, for root respiration. 

· Ions, to build new tissue. 

· Liquids, (mainly water). 

To survive, plants depend on the roots to absorb the nutrients and water that they need.

Essential nutrient elements

	Nutrient
	Chemical symbol
	Forms commonly absorbed by plants

	Macronutrients
	
	

	Nitrogen
	N
	No3- , NH4+

	Phosphorus
	P
	H2P4- , HPO42-

	Potassium
	K
	K+

	Calcium
	Ca
	Ca2+

	Magnesium
	Mg
	Mg2+

	Sulfur
	S
	SO42-

	Micronutrients
	
	

	Manganese
	Mn
	Mn2+

	Iron
	Fe
	Fe2+

	Boron
	B
	H3BO3

	Zinc
	Zn
	Zn2+

	Copper
	Cu
	Cu2+

	Molybdenum
	Mo
	MoO24-

	Chlorine
	Cl
	Cl-


B. PLANT ROOTS AND SOIL RELATIONS
Germination of seeds results in the development of shoots that grow upward and roots that grow downward.

As plant roots move through the soil, they encounter an increasing supply of nutrients and water.

Root Path
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Roots grow in the path of least resistance and extend into the soil pore spaces. Note how the root changes directions when it encounters a ped of soil. A soil ped is the combination or arrangement of the soil particles into units. 

Root Environment
Besides following a path of least resistance, roots also grow where the environment is the best. 
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Here the roots avoid the dry and infertile soil and grow in the moist and fertile soil.

Root Zone
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As roots absorb and deplete the supply of water and nutrients adjacent to them, they eventually extend throughout the root zone. 

For many common annual agricultural and horticultural crops, root systems will commonly penetrate to a depth of 1 meter or more.

Roles of root interception, mass flow and diffusion
Since a plant can only absorb nutrients adjacent to the roots, it is important that nutrients move to the roots to be available for plant uptake.

· Root Interception, roots directly encounter water and nutrients. The direct contact and uptake of nutrients accounts for about 1% of the nutrients absorbed by plants.

RI= 1%

Once a plant root system has completely ramified the soil, the roots commonly contact less than 1% of the total supply of nutrients and water. 

Since plants are capable of absorbing less than 1% of the nutrients that they need by root interception, other mechanisms exist in the soil that move nutrients to the plant roots.

· Mass Flow, the process of nutrient ions moving to root surfaces with the movement of water is called mass flow.
The amount of nutrients moved by mass flow depends on the nutrient concentration in the soil solution and the amount of water moved to the roots, which is directly related to transpiration or water use by the plant.

For a plant to have all of a given nutrient that it needs moved to it's root system during the growing season by mass flow, the transpiration ratio of the plant must be equal to or greater than the nutrient concentration ratio.

To calculate the transpiration ratio of a plant (TR). 
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To calculate the nutrient concentration ratio of a plant (NCR). 
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To calculate the mass flow.
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Since the transpiration ratio (TR) is equal to the nutrient concentration ratio (NCR), there would be sufficient amounts of the nutrient moved to the root system by mass flow. 

Mass flow deliver large amounts, quickly (Ca, Mg, N, S).

Therefore, calcium is rarely deficient for plant growth.

Mass flow commonly moves an insufficient amount of phosphorus to roots due to the very low concentration of phosphorus in the soil solution.

Only in soils that have higher than usual phosphorus concentrations will plants be able to absorb enough phosphorus to meet their needs, thus, the frequent addition of phosphorus to soils in fertilizers. 
· Diffusion, is the movement of nutrients in soil water that results form a concentration since some nutrients such as phosphorus are in low concentrations in the soil, there needs to be some other mechanism besides mass flow and root interception to move nutrients to the roots. 

The process of nutrient ions moving to the root surfaces by diffusing through the soil water is called diffusion.

The amount of nutrients that a plant absorbs by diffusion is calculated:

DIFFUSION = 100% - root interception - mass flow

Usually more calcium than a plant needs moves to the roots by mass flow. Therefore, the amount of calcium that moves to a plant root by diffusion is essentially zero. 
Only small amounts of phosphorus move to the root by mass flow and the root commonly intercepts about 1% of the phosphorus that the plant absorbs. Diffusion is an important process for moving about 90% of the phosphorus that a plant absorbs. 

Diffusion deliver small amounts, slowly (P, K).
Summary statement
The capacity of a plant to absorb water and nutrients is related to the length and/or surface area-density of the roots. 

UPTAKE= availability x root length
                      or

UPTAKE = availability x surface area-density of roots 

c. soil fertility and soil productivity
· Soil fertility, the ability of a soil to supply essential elements for plant growth.

· Soil productivity, is the soils capacity to produce a certain yield of crops or other plants with optimum management.
d. importants concepts

· Region of elongation is the portion of the root that is most affect by an oxygen deficiency.

· The primary force that caused the root to move through the soil come from the root’s elongation zone.

· An oxygen deficiency most affected the region of elongation, if this deficiency is for less minutes than 180 only stop the root elongation temporarily but if is for more than 180 the elongation zone die.

· Soil tend to grow in a path where the soil is not compacted.

· The roots grew in a soil atmosphere that contained 20% oxygen.

· The percentage of nitrogen was contained in the soil for the roots growing is 80%.

· Roots don’t move in a perfectly straight line.

· The nematodes stopped the roots growth.
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