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SOIL FOOD WEB

• As total ecosystem productivity increases, biodiversity

below ground, i.e., the structure and function of the soil 

food web, also increases. 

• Plant growth is dependent on microbial nutrient 

immobilization and soil food web interactions to mineralize

nutrients. 

• Ratios of fungal to bacterial biomass also predict this type 

of response. Highly productive agricultural soils tends to 

have ratios near one.

• Bacteria and fungi perform one of the major nutrient cycling 

processes, nutrient retention, in soil. 



SOIL FOOD WEB

• When the bacterial or fungal component of the soil 

declines, more nutrients are lost into the ground and 

surface water

• Plants are strongly influenced by the presence of 

bacteria in the rhizosphere, especially with respect to 

microbial immobilization of nutrient, and mineralization 

of nutrients from bacterial biomass by predators

• processes of immobilization and mineralization are 

tightly coupled to plant growth but following 

disturbance, this coupling may be lost or reduced



SOIL FOOD WEB

• Fungi break down the more difficult-to-decompose organic 

matter, and retain those nutrients in the soil as fungal 

biomass. Just like bacteria, fungal waste products become 

soil organic matter, and other organisms use these waste 

materials. Agricultural crops require fungal biomass for 

greatest productivity, but in order for best crop growth, 

there should be an equal biomass of bacteria as compared 

to fungi.

• Between 40 and 80% of the N in plants can come from the 

predator-prey interaction of protozoa with bacteria.



SOIL FOOD WEB

• "bad" nematodes can be controlled biologically, as they are 

in natural systems, by fungi that trap nematodes, by having 

fungi that colonize root systems and prevent nematode 

attack of roots, or by predation of nematodes by arthropods. 

In cases of extreme outbreaks, however, the only answer 

may be the use chemicals to control these plant-feeding 

nematodes. However, once a chemical is used which kills 

the beneficial nematodes as well as the plant-feeding ones, 

the beneficial nematodes need to be replaced through 

inoculation. (fix collateral damage)



SOIL FOOD WEB

• Bacteria break down easy to-use organic material, and 
retain the nutrients, like N. P and S. in the soil. About 60% of 
the carbon in those organic materials are respired as carbon 
dioxide, but 40% of that carbon is retained as bacterial 
biomass. The waste products bacteria produce become soil 
organic matter. This "waste" material is more recalcitrant 
than the original plant material, but can be used by a large 
number of other soil organisms.

• The interactions between these organisms form a web of 
life, just like the web that biologists study above ground. 
What most people don't realize is that the above ground 
wouldn't exist without the below ground systems in place 
and functioning.



SOIL FOOD WEB

• Plants grown in soil where competing organisms have been 
knocked back with chemicals are more susceptible to 
disease-causing organisms.

• Bacterial dominance is maintained by mixing plant material 
into the soil. But the bacteria and fungi eat this material at 
an amazingly rapid pace and new inputs are required every 
year; Fungi can be maintained by letting litter accumulate on 
the soil's surface.

• Total bacterial numbers range between 1 million and 100 
million per gram soil in agricultural soils, and between 10 
million and 1,000 million in forest soils. Bacterial numbers 
can be above 100 million in decomposing logs, in anaerobic 
soils, in soil amended with sewage sludge or in soil with 
high amounts of composted material.



SOIL FOOD WEB

• At least 12% of the root system of grasses and other crops, 

(i.e., most crop plants), should be colonized by VAM in order 

to obtain the minimum required benefits from this symbiotic 

relationship. Colonization upwards of 40% is usually seen in 

healthy soils. VAM colonization can limit root-feeding 

nematode attack of root systems, if the nematode burden is 

not too high. 

• In the most productive agricultural systems, however, the 

ratio of total fungal to total bacterial biomass equals one 

(F/B = 1) or the biomass of fungi and bacteria is even. When 

agricultural soils become fungal-dominated, productivity 

will be reduced, and in most cases, liming and mixing of the 

soil (plowing) is needed to return the system to a bacterial-

dominated soil.



Michael Boyle, et.al. (89)

Organic soil amendments increase soil 

aggregate stability.

These amendments also lead to better water 

infiltration rates. 

The aggregate stability is a result of an 

increase in soil polysaccharides from 

increased numbers of organisms

in the soil induced by the added carbon 

sources.

ORGANIC SOIL AMENDMENTS



MacRay and Mehuys (85)

Grasses can pump as much as 50% of 

their photosynthate below ground into the 

soil.  

Uninterrupted growth is needed to

maximize this process.

Grass roots also produce mucigels that 

directly or indirectly supply 

polysaccharides for aggregate formation.



C.P. Singh, et.al. (87)

31.7% and 29.5% of added P in soils with added glucose

or starch was converted into organic P within 10 and 20

days respectively. This P was readily mineralized again.

Cellulose and crude fiber addition resulted in organic

P within 40 and 50 days respectively. Most of the P

(63%) in the cellulose and crude fiber added soil was

immobilized by fulvic and humic P fractions and showed

resistance to mineralization.

Soluble carbon amendments stimulated P mineralization

resulting in more bio-availability. Very critical to

add a P source when adding a soluble carbon source to

prevent immobilization, especially during early plant

growth when the material is placed into the root zone.

In heavy cellulose or fiber soils most of the P may be

tied up for long periods of time in the fulvic and humic

fraction.



P.M. Rutherford, et.al. (91)

Microbial biomass is a source and sink for nitrogen and it is a 

transformation agent for soil nitrogen.  Microbes have a high growth 

rate and can transform significant quantities of nitrogen into non-

microbial organic nitrogen when sufficient carbon (sugar) is

available. Recovery of nitrogen from the microbial biomass is 1 - 3% 

after one season, but the recovery from non-microbial organic nitrogen 

ranges from 14 - 21% per season. 

One way to conserve fertilizer nitrogen in the plant-soil system is to 

immobilize it at the time of application by adding a readily available 

carbon source and to rely on the microorganisms to mineralize it 

concurrently with crop nitrogen demand during the season.

Glucose is an ideal source.  Glucose addition increased

the absolute size of the microbial nitrogen and non-microbial 

organic nitrogen pools in the 0 - 10 cm soil depth. Rates are

important because too much carbon addition or poor timing 

can negatively affect crop production.



UNSTABLE AGGREGATES 

RESTRICTED WATER MOVEMENT

RESTRICTED GAS (O2) EXCHANGE

RESTRICTED ROOT GROWTH

REDUCED NUTRIENT AVAILABILITY

REDUCED BIOLOGICAL ACTIVITY

STABLE AGGREGATES 

ADEQUATE WATER MOVEMENT

ENHANCED GAS (O2) EXCHANGE

GOOD ROOT GROWTH

BETTER  NUTRIENT AVAILABILITY

NORMAL BIOLOGICAL ACTIVITY

Allison (68)

The rhizosphere provides for aggregate

formation and stabilization.



Paul W. Syltie, (85)

Minerals of P, Ca, Mg and other plant nutrients can be made available 

by both root exudates and products of microbial activity. Bacteriostatic 

factors in soils that restrict root growth are overcome by root exudates.

These inhibitory substances may be overcome by addition of glucose 

and other root exudates, vitamins and other nutrients. These 

compounds are typically exudated from roots: Vitamins, Sugars, 

Tannins, Alkaloids, Phosphatides, Indole, Salicylic acid, Purines, 

Pyrimidines, Nucleic acids, Tartaric acid, Oxalic acid, Malic acid, Citric 

acid, and Scopoletin.

It is clear that the soil-plant system is a complex, highly ordered 

symbiotic "factory" by which plants help select and direct microbe 

species to mediate the release of soil nutrients. This is done primarily 

through root exudates upon which the microbes feed. These organisms 

in the rhizosphere produce compounds that are beneficial to the

plant.



M. Kralova, et.al. (79)

Soluble carbohydrates need to be incorporated in

conjunction with fertilizer use, not after the fact.

Assimilation of nitrates to organic nitrogen 

compounds occurs due to the heterotrophic aerobes 

in the soil.

90% of added glucose is gone after 90 days. The 

maximum reduction of nitrite nitrogen takes place 

approximately four days after the addition of the 

glucose. 

A higher level of organic nitrogen compounds is 

found in the presence of the glucose amendment.



A slimy substance that covers the 

rootcap of the roots of plants. It is a highly 

hydrated polysaccharide, most likely 

a pectin, which is secreted from the 

outermost (epidermal) cells of the rootcap. 

Mucigel is formed in the Golgi bodies of 

such cells, and is secreted through the 

process of exocytosis. The layer 

of microorganism-rich soil surrounding the 

mucigel is called the rhizosphere.

Mucigel





SOIL ACIDITY

• Soil acidity is determined by the amount of acid 
forming Cations Al+3 and H+1 and Basic Cations  
Ca+2, Mg+2 & K+ in the soil.

• Form acids;    H2CO3 & HNO3

• Release H+ ions into soil solution

• Al+3 + H2O   → Al(OH)+2 +  H+1



CEC  AND SOIL pH

In most soils as the pH becomes more basic the CEC 

generally climbs.   This is not the case in 2:1 clays and 

some organic colloids and in some 1:1 clays.

CEC is usually determined at pH 7.0 and higher.  The 

CEC reflects most pH dependent charges and the 

permanent charge at neutral pH.



pH of Rain

The pH of rain varies, especially due to its origin. On 

America's East Coast, rain that is derived from the Atlantic 

Ocean typically has a pH of 5.0-5.6; rain that comes across 

the continental from the west has a pH of 3.8-4.8; and local 

thunderstorms can have a pH as low as 2.0.

Rain becomes acidic primarily due to the presence of two 

strong acids, sulfuric acid (H2SO4) and nitric acid (HNO3). 

Sulfuric acid is derived from natural sources such as 

volcanoes, and wetlands (sulfate reducing bacteria); and 

anthropogenic sources such as the combustion of fossil 

fuels, and mining where H2S is present. Nitric acid is 

produced by natural sources such as lightning, soil bacteria, 

and natural fires; while also produced anthropogenically by 

the combustion of fossil fuels and from power plants.



CEC & Nutrient Availability

Several factors operate to expedite or retard the 

release of a nutrient into the soil solution.

% saturation on exchange site of target nutrient

Other adsorbed cations on the soil exchange sites

Biological diversity and activity in the root zone

Colloid Material *

*(type, size and abundance of soil material)



RELATIVE AFFINITY FOR 
SOIL EXCHANGE SITES

Al+3=H+1>Ca+2>Mg+2>K+1=NH4+1>Na+1

(BASE FORMING TENDENCY)







Calcium uptake and availability poses several obstacles: uptake and 

contact with the root tip, transportation within the plant and reaction 

with/antagonism with other materials (ions) like: NH4+, etc. 

Calcium only (predominantly) moves via Xylem and will follow the 

water flow (usually this flow is towards an area of greater water

potential/usage (new growth)). 

Calcium once deposited in the cell vacuole or cell membrane 

becomes very immobile and will not easily move from storage or

complexed points to new growth areas where it is needed. 

Calcium availability is related to water movement, particle size (free 

calcium or organically bound calcium) and growing point 

need/requirements.

CALCIUM UPTAKE AND MOVEMENT



Genotype - Genetic potential is referred to as Genotype.  

What you are is in your genetic makeup.

Phenotype - Environmental influence on the organism (and 

ultimately its genetic potential) imparts an expression 

potential referred to as phenotype.  A Phenology chart shows 

seasonal expression of genetic potential.

Phenology is the study of periodic plant and animal life cycle events 

and how these are influenced by seasonal and inter-annual variations in 

climate, as well as habitat factors (such as elevation). 

Supplying the right microbe, nutrient amount and form and 

combination of materials at the right time is the golden 

opportunity that every farmer/grower seeks to achieve 

success with their program.

ENVIRONMENTAL CONTROL OF GENETIC EXPRESSION

PHENOTYPE



Citrus Phenology Growth Chart







Microbial Activity













Adsorb vs. Absorb 

Adsorb ~ attached to the surface area/matrix.

Absorb ~ attached within the area/matrix.

Adsorbed things usually are much more easily 

detached and made plant/organism available.  

Absorbed things are usually less available 

and supply long term material needs from the 

soil Nutrient and organic bank.


