HORTICULTURE 101 READING GUIDE

SOILS AND GROWTH MEDIA (Chapter 8)
1) What are the primary functions of the soil with respect to plant growth (See ‘Characteristics of the Soil’)?

The soil provides anchorage and mechanical support and most of the water and minerals used by plants are obtained from the soil by the plant roots.  The soil also provides air (oxygen) to roots.   

2) What are the size differences between clays, silts, sands, and gravels?


Clays are rock particles less than 0.002 mm (2 µM) in diameter, silts range from 0.002 to 0.05 mm in diameter, and sands from 0.05 to 2 mm in diameter.  Particles larger than 2 mm diameter are termed gravel.  


Whereas gravels, sands, and silt particles are generally rounded to angular in shape, clay particles are generally sheet-like in shape and most are colloids.  Colloids are particles less than 1 μM in dimension in one or more directions.  Because of their large surface to volume ratios (and low density), colloids form non-settling suspensions in water.  The kinetic energy of water molecules colliding with the colloids is sufficient to keep them in suspension indefinitely.  Soils also have organic colloids, termed humus.  Bacterial which are generally 1-2 μM in dimension, are also colloidal in size. 
3) Consider three soil types; sand, clay, and silts.  For each of the following statements indicate which soil type applies.
a) drains the most rapidly ( sand
b) highest cation exchange capacity (CEC) ( clay
c) worst aeration ( clay
d) highly susceptible to compaction ( clay
e) least resistant to temperature changes ( sand
4) What are perched water tables and what mechanism is responsible for their formation?
Perched water tables are layers of saturated soil that are discontinuous from the general water table.  The water table is the highest level in a soil below which a soil is completely saturated with water.  Perched water tables form at elevated positions in a soil as a consequence of soil texture discontinuities that interfere with the downward movement of water towards the ‘real’ water table.   In general perched water tables form at the junction of a region of fine textured soil (at the higher position) and a region of coarse textured soil (at a soil position).  In such cases, the films of water coating the soil particles, termed capillary water, are not continuous between both soil layers.  At the base of the finer textured soil layer the water is held tightly by capillary forces (i.e., adhesion to the soil particles) and its continued downward movement is only possible when enough water has accumulated in the pore spaces of the soil, termed ‘gravitational’ water, to generate a positive pressure sufficient to overcome the tension holding the capillary water.  Your textbook gives examples of two types of soil texture discontinuities that would be liable to result in the development of perched water tables; 1) the layering of clay soils over gravel, and 2) the layering of organic soils (topsoils) over mineral soils.  Springs and seeps may form at regions where perched water tables are bisected by a downcutting river or stream.
5) Explain how differences in soil texture can contribute to the water stress experienced by transplanted trees and shrubs?  What does your book recommended to preventing transplanting problems based on differences in soil texture?

If the planting hole is filled in with potting soil, or similar types of artificial planting media, root outgrowth into the field soil may be prevented or delayed as a consequence of the changes in soil density and compaction encountered at the edge of the planting hole, with the field soil generally being denser and more compact than the potting soil/planting media.  In addition, the degree of hydraulic connectivity between the two soil types is likely to be limited.  During wet periods, the soil surrounding the roots may become supersaturated, with minimal water drainage into the surrounding field soil, while during dry periods and opposite problem may occur, with the soil surrounding the roots may be unable to draw water efficiently from the bulk soil due to the hydraulic disconnect. To avoid these types of problems the book recommends filling the planting hole with the native soil.  Alternatively, the two soil types (artificial and field) can be intermixed at the time of planting to minimize changes in soil texture and density at the edge of the planting hole.  In addition, for containerized planting stock, pulling apart (loosening) of the root ball at the time of transplanting may facilitate root outgrowth.  

6) What does pH measure and how are pH values ‘calculated’?
pH is derived from the German word ‘potenz hydrogen’, meaning the power of hydrogen.  pH measures of the concentration of hydrogen ions (protons, H+) in solution, with the pH being equal to the negative log (base 10) of the hydrogen ion concentration as expressed in moles per liter.  In general the pH scale is shown as ranging from 0 to 14, corresponding to a range of hydrogen ion concentrations from 1 mole/liter (1 x 100 at  pH 0) to 0.00000000000001 moles/liter (1 x 10-14 at pH 14), but more extreme pH values are possible (<0, >14)
7) What is the relationship between proton and hydroxyl (OH-) ion concentrations?  If the pH of a solution is decreased one unit what effect does this have on the concentrations of proton and hydroxyl ions?  What about a decrease of 2 units?

The concentration of protons (H+) and hydroxyl ions (OH-) is inversely related.  At pH 7, both ions are present at equal concentrations (1 x 10-7 M), but at lower pH values (<7) the proton   concentration exceeds the hydroxyl ion concentration, and at high pH (>7) the OH- concentration exceeds the H+ concentration.   The concentration of hydroxyl ions, expressed as a negative log of the molar concentration (pOH), is equal to 14 minus the pH.  In other words the sum of the pH and pOH is equal to a constant (14).  For example if the pH is 10 (1 x 10-10 M H+), then the pOH is 4 (1 x 10-4 M OH-).    


A decrease in pH of one unit is associated a 10-fold increase in proton concentrations and a 10-fold decrease in hydroxyl ion concentrations.   A decrease of 2 units is associated with 100 fold changes in proton or hydroxyl ion concentration, respectively.

8) High levels of rainfall or irrigation result in soil acidification while the opposite phenomenon (soil alkalization) is observed when the rate of water evaporation exceeds the rate of irrigation or precipitation.  What is the basis for these changes?

Alkalinity is a measure of the ability of solutes in water to neutralize acids.  The alkalinity is a function of the concentration of bases in the solution.  Bases are chemicals that either remove protons or donate hydroxyl ions to a solution, raising the pH.  In contrast, acids are chemicals that donate protons or consume hydroxyl ions.  


When the water input is high (rainfall, irrigation) basic cations, such as calcium and magnesium, are leached and replaced by protons (H+) and/or acid-forming cations, such as aluminum (Al3+) and iron (Fe2+, Fe3+) both in the soil solution and on the soil colloids (clays, humus) resulting in soil acidification.  The basic cations (Ca2+, Mg2+, Na+) do not affect are not bases themselves, but as the cations of strong bases, such as CaOH, MgCO3, etc, their presence is indicative of the past weathering of the types of parent rocks (limestone, calcareous shale, etc.) that contribute to soil alkalinity.  Accordingly soil pH and the percentage of adsorbed cations that are basic, termed the base saturation, are positively related.  Base cations affect the soil pH by competitively excluding acid-forming cations and protons from the colloid surface.  This exclusion is especially important since the amount of adsorbed acidity (‘reserve acidity’) is generally 100-1000 times greater than the amount of acidity in the soil solution, termed ‘free acidity’.  Protons adsorbed on the surface of clay colloids generally do not remain exchangeable for long but attach the structure of the clay, causing aluminum (Al3+) release.  Aluminum (and iron) cations lower the pH in turn by reacting with hydroxyl ions.  These ions may be free in solution or they may be extracted from water by hydrolysis as indicated in the equations below.   NOTE:  The base saturation is a measure of the percentage of adsorbed cations that are basic (Ca, Mg, C, and Na).  The higher the pH, the high the base saturation. 


Al3+ + H2O ( Al(OH)2+  + H+ [pKa = 5.0]



Al(OH)2+ + H2O ( Al(OH)2+ + H+ [pKa = 5.1]



Al(OH)2+ + H2O ( Al(OH)3 + H+ [pKa = 6.7]



Fe3+ + 3H2O ( Fe(OH3) and 2H+


Fe2+ and 2H2O ( Fe(OH2) and 2H+

When the rate of evaporation exceeds the rate of precipitation the direction of water movement in the soil is reversed; i.e., the water predominately moves upward through the soil profile from lower to higher soil layers.  The water carries mineral ions derived from the weathering of the parent rock of the soil to the soil’s surface where they are precipitated as the water evaporates.   For soils derived from calcareous rocks, such as limestone, these salts are primarily magnesium or calcium carbonates and phosphates that contribute to soil alkalinity.  
9) Your textbook indicates that pH values of 6.2 to 6.8 are optimal for plant growth in terms of soil mineral nutrient availability.  What adverse effects, on mineral nutrient availability are associated with soil acidification?

1. The solubility of several heavy metals, such as aluminum, manganese, copper, iron, and zinc, increases as the pH drops and in acidic soils the concentration of these metals in the soil solution may reach levels that are toxic to plants, despite the fact that all of these metals (Cu, Mn, Fe, and Zn), with the exception of aluminum, are essential plant nutrients (micronutrients).  Manganese toxicity has observed at pH values as high as 5.6.  Aluminum toxicity is generally observed at pH values of 5 or less, and iron toxicity at pH values of 4 or less.   

2. Calcium, magnesium, and molybdenum are less available to plants in acidic soils.  Calcium and magnesium are displaced from the soil colloids (by protons) in acidic soils and are leached from the soil.  Molybdenum is present but converts to chemical forms that are unavailable for plant uptake.  

3.  At low pH, is susceptible to precipitating as aluminum or iron salts and thus is less available to plants.  Interestingly, phosphorous is also forms insoluble salts in alkaline (high pH) soils, but the counter-ions in this case calcium or magnesium.  Phosphorous is thus readily available to plants only over a narrow pH range, and extreme pH values in either direction adversely affect phosphorous availability.
10) List two or three examples of plants that are specifically adapted to acidic soils.  

Most plants in the Ericaceae (heath) family prefer acidic soils; e.g., blueberries, cranberries, azealas, rhododendrons, etc.   Many insectivorous plants, which are endemic to peat bogs, also prefer acid pH values.

11) What is meant by ‘no tillage’ agriculture.  How does the practice limit soil erosion?  What are some other possible benefits associated with no tillage agriculture?


Tillage refers to any process in which the soil is dug up, or ‘turned over’, in preparation for agricultural production.  Tillage generally involves both plowing (the breaking and turning over of the soil) and harrowing (more breaking up and leveling off after plowing).  In no-tillage agriculture, the soil is only disturbed for planting.  A no-tillage field is generally fully vegetated with the crop being planted between pre-existing vegetation, typically sod or crop residue.  Soil erosion is limited by the lack of soil disruption and exposure (since the field is fully vegetated and thus shielded from wind and rain).  

No-tillage agriculture also generally reduces nutrient leaching, since precipitation is absorbed more slowly than is typical of plowed fields.  Other benefits of no-tillage agriculture include its positive effects on soil organic content.  Organic matter improves the structure and water holding capacity of soils and is a major source of energy for soil microbes.  The microbes in turn contribute to pesticide degradation, thus limiting the amount of pesticide runoff from no-tillage fields.  
12) Windbreaks and cover crops are also both used to limit soil erosion.  Explain the mechanism(s) involved in both cases.


Windbreaks are plantings of trees or shrubs at the edge of an agricultural field in the direction of the prevailing winds that reduce the windspeed and thus limit soil erosion.  Cover crops also reduce the windspeed.  However, cover crops also protect a soil against the physical impact of raindrops or irrigation.  In addition, the roots of the cover crop tend to anchor the soil, holding it against erosion.   

13) Compare and contrast the use of raised beds and drainage tiles for the maintenance of soil aeration in areas with high water tables.

Raised beds are created by adding additional soil on top of the natural soil, increasing the degree of vertical spacing between the water table and the top of the soil.  Drainage tiles, in contrast, are used to lower the water table in a field.  Drainage tiles are cylinders of clay or perforated plastic that are buried beneath the field and sloped so as to carry the away soil water that enters them.  Raised beds are most useful in regions where the water table is near the surface over large areas. 

14) Your book list several components that are regularly included in artificial (soilless) media. (See Table 8-1).  Consider sphagnum peat moss, sand, vermiculite, and perlite.  For each statement below indicate which material(s) exhibit the characteristic indicated:
a) Holds water ( sphagnum moss, vermiculite (to less of a degree)
b) Sterile (little or no nutrients) ( sand, sphagnum moss, perlite (vermiculte supplies magnesium and potassium)

c) Exhibits rapid drainage ( sand, perlite, vermiculite
d) Heavy, contributes density ( sand
e) Acidic pH ( sphagnum moss
f) Neutral or alkaline pH ( perlite, vermiculite
15) What are ‘circling roots’ and for what types of containerized plants are they most of a problem?  What can be the consequences of circling roots on the future growth of these plants?  What types of strategies have been developed to alleviate the problem both before and after it has developed?


Circling roots are roots that have grown in circles around the inside of a pot.  Circling roots are a problem because they may girdle other roots located at a more interior position in the pot as both types of roots grow in diameter (secondary growth) after transplanting.  Root circling can be prevented by using square pots with ribbed/ridged inside walls.  The square corners and ridges direct root growth towards the bottom of the pot.  If the bottom of the pots contain drain holes and the pots are placed on mesh tables the roots will grow out of the pot and dry out (termed air pruning). The air pruning stimulates root branching inside the pot generating a more fibrous root system.  Root circling can also be prevented by painting the inside surfaces of pots with copper paint.  The copper is toxic to roots so any root tips that contact the edge of the pot are killed.  Root circling is not possible and root branching is stimulated. 


If the plant has circling roots at the time of planting pruning is necessary to correct this defect.   Two pruning strategies are described in your textbook.  In the first, vertical cuts (2-4) are made to through roots the periphery of the root ball inwards for a distance of about 2 cm.  Alternatively the ‘root ball’ can be split in half vertically from the bottom upwards and the two halves of the root system bent apart (butterflying, p. 248)
