
Cardo’s Farm Project Lecture Series 

 SOIL FERTILITY 

Introduction 

 Why is soil fertility important? Simply put, healthy soil means healthy plants. The chemical fertilizer 

industry treats the soil as an inert sponge that simply holds nutrients for plants, and the products of this industry are 

designed to bypass the complex soil ecosystem and directly feed the plants. Although this may cause (or force) 

plants to grow larger, it neglects and harms the vital ecology of the soil and causes plants to become “addicted” to 

the fertilizers. Crop breeders have taken this “addiction” further by breeding varieties that depend on higher nutrient 

concentrations than found in natural soils. These special crops have much higher yields, however they perform 

poorly in organic systems that lack “plant steroids.”  

 Organic soil fertility takes a more natural approach to plant nutrition by feeding the soil ecology FIRST, 

which then feeds the plants. Basically we attempt to feed the soil first and the soil will take care of the plants. Well-

nourished soils will hold less pathogens, be easier to work, and will support healthier plant growth than poor soils. 

Well-nourished plants, especially vegetables that are usually alien to our native soils (most vegetables are from the 

Old World), will be more resistant to pests and diseases, yield higher, and have a better “quality of life.”  

Section 1: Introduction to Soil Science 

A. What is soil?  

1. Soil is the product of the erosion or decomposition of living and non-living material.. It is a habitat for 

multitudes of organisms, many of which are essential to terrestrial life.  

2. The weathering of rocks and minerals (parent material) leads to the creation of the mineral fraction of 

soil but soil is more than just weathered rocks.  

3. Some soils are formed almost entirely from organic sources.  

4. Processes of formation 

a) On-site weathering: soil is formed directly on top of the parent material.  

b) Physical weathering: Precipitation, freezing and thawing, and wind break rocks into smaller 

particles. 

c) Erosion: The erosion of rock by the elements creates smaller particles that become components of 

soil. 

d) Deposition: Everything that is eroded must be deposited somewhere. Deposits are usually found in 

large quantities downhill, downstream, or downwind of the site of erosion. Ex: Mississippi Delta, 

Nile Delta, Fertile Crescent, Long Island, bottomland in valleys 

e) Biological weathering: Plants, animals, and microbes release acids, enzymes, and other 

compounds that degrade the chemical structure of rocks. Flora and fauna can also contribute to 

physical weathering (traversing over stones, roots splitting stones, other motions) 

f) Decomposition 

B. Physical Characteristics 

1. Texture – The mineral fraction of soils is composed of three types of particles that are grouped by size.  

Soil textures are classified by the % of each particle 

a) Sand (2mm – 0.05mm diameter) The coarsest particles that make up “soil.”  

- Good drainage, aeration, and low compaction potential (large pore spaces) 

- Low CEC and buffering capacity (pH) 

- Tend to be acidic  

b) Silt (0.05-0.005 mm) Fine particles that have properties of sands and clays. Silt-dominated soils 

are well-suited for growing  

- Good drainage, aeration, and low compaction potential (slightly less than sand)  

- Moderate CEC and buffering capacity 

- Acidic to neutral  

c) Clay (<0.005 mm) Fine crystalline sheets called colloids that are stacked like the pages of a book. 

At this scale, molecular charges hold colloids together. The inner layers hold positive charges, 



while the outer layers are negative. Most plant nutrients exist in the soil solution as positive ions 

called cations (H+, K+, NH3
+
, Mg

2+
, Ca

2+
, Al

2+
, Fe

2+
) are adsorbed to negatively charged clay 

surfaces, meaning they are held on by the negative charges. The clay’s capacity to hold cations is 

called the Cation Exchange Capacity (CEC). The CEC determines the amount of nutrients that 

can be held by a soil. The release of acids (H+) by plants and other organisms displaces nutrient 

cations and releases them into the soil solution  

2. Structure – Refers to the properties of soil aggregates that affect the root environment and soil 

ecosystem 

a) Aggregates are small clumps of soil bound together by organic matter, secretions from plant roots, 

bacteria, fungi, and earthworms.  

b) Large aggregates indicate good soil structure with a healthy ecology that is likely to foster good - 

plant growth. 

3. Porosity – the amount of pore space in the soil as determined by soil texture and structure. Large 

aggregates or particles (sand, silt) lower the density of the soil and give the soil good porosity.  

a) Macropores –large spaces in the soil (>0.08 mm diameter) that roots, mesofauna, and soil solution 

can be found. Soil solution is freely moving water that contains microbes and nutrients, and can 

either fill macropores or persist in films on soil particles.  

- Macropores can result from good soil structure, decomposition of organic matter, tillage, 

and/or the burrowing action of meso or macrofauna.  

- Soil 

b) Micropores - small pores (<0.08 mm) that only microbes can inhabit. At this scale, soil solution is 

held onto the surrounding soil particles by ionic charges so it does not flow freely.  

4. pH – log scale (1-14) that measures the H+ concentration of the soil solution.  

a) Low pH (<7) = Acidic  

b) High pH (>7) = Basic 

c) 6.5 is optimal for most vegetable species, however each species has an optimal pH range. If a 

soil’s pH is sub-optimal, plants may exhibit nutrient deficiency symptoms even if the soil may 

contain adequate nutrient levels.  

d) Buffering capacity is the resistance of a soil to change in pH. This is based on the CEC – The 

higher the CEC, the more cations or anions will be needed to cause a change in the pH.  

e) Liming: Use of lime (CaCO3) to raise the pH of acidic soils. Soils rich in Calcium tend to have a  

high pH 

CaCO3 + 2H
+
(acid)  Ca

2+
 + H2O + CO2   

f) Sulfur: Elemental Sulfur is used to lower the pH of a soil that is too high. Sulfur is an acid-

forming element (ie sulfuric acid)   

CO2  + S
0
 + ½O2 + 2H20  CH2O + SO4

2-
 +2H

+
(acid) 

g) Testing pH – can be done with litmus paper. Mix one part soil to two parts distilled water in a 

glass or plastic container and let sit over night. Test with litmus paper the following day.  

5. Organic Matter – The portion of the soil that consists of Carbon-containing compounds, especially 

humus. Humus is an extremely complex negatively-charged organic molecule.  

a) As gardeners, we have influence over soil organic matter content, whereas we cannot do as much 

about soil texture. Compost, manure, peat moss, plant residues, and mulches add to the organic 

matter content of the soil.  

b) Most agricultural soils have roughly 2% OM. Gardens typically have higher OM levels than farm 

soils because of higher inputs per area. 

c) Organic matter improves almost EVERY quality of the soil, including but not limited to:  

- Soil structure: increases aggregate size and stability, macropores, reduces density and 

compaction potential, increases aeration. 

- Water retention: The humus molecule has great water-holding properties 

- CEC: Although lower than clays, humus can hold cationic and anionic nutrients.  

- Soil biology: Organic matter provides food and habitats for microbes. Microbial 

decomposition of organic matter releases nutrients. 

 

 



C. Soil Biology  

1. Macrofauna: Insects, pests, and other animals visible to the naked eye that inhabit the soil. These 

organisms nourish the soil by depositing feces, urine, or remains into the soil for decomposition. They 

also may till the soil or move nutrients through the soil via burrowing. Many macrofauna deposit eggs 

in the soil. 

2. Mesofauna: Barely visible to the naked eye, these small multicellular organisms cycle nutrients from 

the feces and remains of macrofauna, and have a foodweb of their own. An abundance of mesofauna 

indicates a healthy soil.  

3. Microfauna: Microscopic organisms that cycle nutrients. They are highly diverse and some have 

complex biochemical metabolisms. 

a) Bacteria: dominate nutrient-rich soils or zones, readily metabolizing remains and feces. Many 

bacteria are important for metabolizing and mineralizing (making plant-available) such as 

nitrates, sulfates, and phosphates. 

b) Nitrogen-fixing bacteria: bacteria that can fix atmospheric nitrogen (N2) into nitrates (NO3
-
) that 

can be used by plants. Members of the Fabaceae (bean) family have symbioses with N-fixing 

bacteria in their roots that supply the plants with nitrates in exchange for sugars.  

c) Bacteria release enzymes such as phosphatase that liberate nutrients from organic compounds. 

4. Fungi: dominate nutrient-poor soils or zones, and are effective at metabolizing materials that are highly 

resistant to decomposition such as cellulose, lignins, and phenols. Fungi are often consumed by 

bacteria or fauna.  

a) Fungi release powerful enzymes and acids that release nutrients from organic compounds.  

b) Fungal networks move nutrients through the soil and can stabilize soil aggregates. Tillage is often 

disruptive to these networks.  

c) Mycorrhizae fungi are symbiotic fungi that colonize many plant species, with the exception of the 

Brassicaceae family. They greatly enhance plant nutrient uptake via their mycelial networks and 

help especially with the uptake of Phosphorus, which is often bound in the soil.  

 

Section 2: Soil Fertility 

Compost is the answer. Quality compost made from diverse feedstock (kitchen scraps) improves EVERY aspect of 

the soil and contains a balanced nutrient regime (See Composting Wkshp) 

I. Nutrients  

 The following nutrients are essential to healthy plant growth. Since most vegetable species were bred and 

selected in anthropogenic environments (gardens and crop fields) that are richer in nutrients than most natural 

ecosystems, vegetables perform optimally in fertile soils.  

 The nutrients described below are critical in plant health, but their abundance in the soil also enhances soil 

ecosystem health, especially if they are provided in the appropriate organic forms. All nutrients have mineral and 

biotic states, meaning they can be found as free cations or anions in the mineral components of the soil, or they can 

be fixed in the tissues of living soil organisms. High soil biological activity means higher nutrient turnover, faster 

decomposition, and ultimately greater nutrient availability to plants/ 

PROCESSES 

Mineralization: the conversion of unavailable nutritive compounds for plant absorption into plant-available forms. 

Eg: decomposition 

Immobilization: the conversion of plant-available nutrients into unavailable forms in soil organisms or colloid 

adsorption, fixation.  

Volatilization: conversion of nutrients (N, S) to gaseous form that is lost to atmosphere. Usually occurs under 

anaerobic conditions.  



Plant Uptake: Roots absorb nutrients in soil solution via mass flow, diffusion, and root interception. Plant roots 

release H+ ions (acids) that displace cations on colloids releasing them into the soil solution. Roots also release 

enzymes that convert some nutrients, especially P, into useable forms.  

A. Nitrogen (N) – Essential for amino acids and other organic compounds, especially chlorophyll.  

1. N is released into the soil solution by organisms as waste products NH4 (ammonium) or NO2
 
(nitrate), 

which are plant-available nutrients  

2. In anaerobic conditions denitrifying bacteria utilize ammonium and nitrate, converting them to N2  and 

N2O (gases), which are lost to the atmosphere via volatilization. 

3. DEFICIENCY SYMPTOMS: Yellowing of older leaves, early flowering and shortened lifespan 

4. SOURCES: coffee grounds, legume residue, manure, blood meal, urine 

B. Phosphorus (P) – Integral component of DNA and cell membranes. Important for flowering.  

1. Soil P is found in its anionic form as PO2
-
 (phosphate). It is highly mobile in the soil solution, and 

easily lost through leaching in times of excess rainfall 

2. In its mineral forms, phosphates are bound to Calcium (high pH) and Iron (low pH).  

3. Cover cropping with buckwheat increases P availability for subsequent plantings 

4. DEFICIENCY SYMPTOMS: Purpling of new foliage, stunted flower formation, fruit abortion 

5. SOUCES: Rock phosphate, bone meal, manure, apples (composted)  

C. Potassium (K) - Important for cell growth and differentiation, component of cell walls.  

1. Found as K+ cation in soil, commonly adsorbed to clay surfaces.  

2. DEFICIENCY SYMPTOMS: Yellowing of new leaves, scorching and curling of leaf tips. 

3. SOURCES: Potash, manure, banana peels, K-feldspar 

D. Sulfur (S)- essential protein component.   

1. Acidifies soil solution 

2. Found in soil as anion (SO4
-
).  

3. DEFICIENCY SYMPTOMS: Stunted, spindly growth and yellowing of new leaves. 

4. SOURCES: Sulfur, manure, scraps from the cabbage family, environmental deposition 

E. Calcium (Ca) – Component of cell walls, important for cell growth and elongation, plant defense and fruit 

formation.   

1. Important for cell growth and elongation, critical component of cell walls.  

2. Found in soil solution as Ca
2+

 adsorbed to colloids  

3. Tends to raise soil pH 

4. DEFICIENCY SYMPTOMS: not typical; blossom end-rot and premature death of blossoms. 

5. SOURCES: lime, eggshells, (soil parent material – calcareous rock), bone meal 

F. Magnesium (Mg) – key component of chlorophyll, catalyst for cellular reactions 

1. Found in soil as Mg
2+

 adsorbed to colloids 

2. DEFICIENCY SYMPTOMS: Interveinal chlorosis of older leaves, premature leaf drop.  

3. SOURCES: dolomite lime, manure, green crop residues such as grass clippings.  

II. Organic amendments 

A. Types of Fertilizer   

1. Mineral 

a) Mined rocks or minerals that must be weathered by soil organisms, root exudates, or natural 

processes to become plant-available 

b) Eg: Rock phosphate, greensand, feldspar, gypsum, sulfur 

2. Organic 

a) Plant or animal derived amendments that are mineralized by soil organisms  

B.  Forms  

1. Solid 

2. Powdered 

a) Many mineral fertilizers are available in powdered form, which is rapidly available to plants.  

b) Application: hand or trowel sprinkling, mixing with water as a spray or drench 

3. Granulated  

a) Easier to handle than powder, tends to have slower release of nutrients that may persist for up to a 

few years.  



b) Hand or trowel spreading  

4. Bulk material (compost or manure)  

a) Typically larger volumes of amendments spread by shovel  

b) Organic matter and nutrients tend to be released slower and have lasting effects 

c) Best for building soil structure and fertility (lower C:N ratio)  

5. Liquid  

a) Most liquid fertilizers contain nutrients that are rapidly available to plants. 

b) Can be sprayed on foliage for foliar feeding or watered in as a root drench. 

C. Timing of Application 

1. Solid amendments are generally best applied up to a month before or with planting.  

a) Usually a lag between application time and nutrient availability 

2. Can also be applied as a top-dressing after planting 

3. Liquid fertilizers are best applied any time after plant develops true leaves, throughout the season, and 

before flowering (P fertilizers)  

a) Foliar sprays are best applied in early morning or late afternoon when the plants’ stomata are 

open.  

D. Solid amendment Incorporation – tilling in amendments with rototiller or spade. Usually done before 

planting 

1. Should you incorporate?  

a) Depends on timing and fertilizer form 

b) It is good to incorporate solid forms before planting 

2. Side-dressing  

a) Band of amendments buried in a band 3-6” away from plants.  

b) Can be done before or after planting.  

c) Band will gradually release nutrients into soil in a targeted zone near plant and roots will 

eventually grow into band and absorb more nutrients.  

3. Top-dressing  

a) Fertilizer spread above root zone to be leached to roots via watering 

b) Done after planting 

c) Helps to cover powdered and granular top-dressing with mulch or bulk amendment to reduce 

erosion losses and enhance biotic incorporation.  

 

 

 

 

 



 

 

 





 

             



 

 

 

 

 

 

 


