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Chapter Outcomes
After studying this chapter, you will be able to:

• Discuss the importance of soils and media in horticulture.

• Describe the factors that shape the formation of soil.

• Describe the physical properties of soil.

• Describe the biological properties of soil.

• Identify the chemical properties of soil.

• Compare and contrast soil and soilless media.

• Describe inorganic and organic mulches.

• Discuss containers used in horticulture production.

• Discuss careers related to soil science.
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Before You Read
Write down everything you know about soil and planting media. It is okay if you do not knoww much aboututtut 

the topic; just write down what you are certain you know. Look at the Words to Know list abovve. Write 

down defi nitions of the words you know. Put the words you cannot defi ne into a separate list. Finally, skimmm  

through the chapter and write down the topics that you think you might know well and those that you doo 

not know much about. Once you are fi nished, work with another student and share your lists.
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W you look around your indoor environment, many things you hen 

ted to the soil. Some of the clothes you are wearing come from see are relat

wn in a southern soil. The paper you write on comes from a cotton grow

once had its roots deep in the soil. Even the computer you use tree, which 

icon, obtained from sand. Soil is the foundation of life because contains sili

grows in or feeds off of what grows in the soil.everything

ntegral part of human existence and is important for both Soil is an in

l and nonagricultural uses:agricultural

•• Soil allows us to grow food, such as delicious, juicy strawberries.Soil a

• Soil provides a home to billions of earth-dwelling organisms.

• Soil serves as a fi lter of natural and man-made wastes.

• Soil helps regulate water supplies.

• Soil provides a foundation for roads, buildings, and other structures.

As you can see, soil is an important part of everyday life. So, what exactly 

is this substance, and how is it formed?

What is Soil?
Soil is one of the world’s most important natural

resources. Soil, air, and water are the foundation

of life on planet Earth. Soil consists of four main

components: air, water, minerals, and organic matter
(living and dead organisms). The minerals and

organic matter make up the solid parts of soil. Air

and water are in the soil pore spaces, or the gaps

among solid soil components. A typical soil will

be 50% pore space, 45%–50% minerals, and 0%–5%

organic matter. Variations of these components give

soil its physical, chemical, and biological properties,

Figure 11-1.

Soil Formation
Soil formation is a long, slow process. For example, 

some of the soil in your garden was beginning to 

form more than 500 years ago, right around the time 

Leonardo da Vinci was painting the Mona Lisa and 

Michelangelo was sculpting the famous David.

Soil-Forming Factors
Five soil-forming factors shape the development of soil. These factors are 

the reasons soil differs from the top to the bottom of a hill or why soil found 

on a beach has different characteristics from the soil found in a wetland or 

farm fi eld. Soil formation begins with weathering, which is the physical, gg

Organic mattett r

0%–5%

Pore Space

Air

20%–30%

Water

20%–30%

Mineral

45%–50%

Solid Material/

Soil Solids
Goodheart-Willcox Publisher

Figure 11-1. This pie chart shows percentages of 

soil components.
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chemical, and biological process that creates soil. The rate of weathering is 

determined by fi ve factors:

• Climate—weather conditions, including both temperature and rainfall.

• Organisms—microorganisms that break down organic matter.

• Relief—an environment where the rocks and soil sit on the landscape.ff
• Parent material—the substances (bedrock, sediment, or organic 

material) that is weathered to form soil.

• Time—the length of time during which soil is formed, impacting soil 

composition.

Climate
In addition to temperature fl uctuations and variations in rainfall, the climate 

includes factors such as sun and wind exposure. Consistent exposure to the heat 

of the sun and high winds will hasten the breakdown of parent material.

Organisms
Organisms, such as plants, animals, and microorganisms, all play a role in soil 

formation. Microorganisms break down organic matter and animals and plants 

help mix the soil. The combination of these actions forms or changes the soil.

Relief
Relief, or topography, contributes to soil formation by infl uencing soil 

wetness, soil temperature, and the erosion rate. Parent material on the ridge of a 

mountain may break down quickly due to its complete exposure to the elements.

Parent Material
Soil formation begins with the weathering of rocks, 

which are considered a parent material. The parent 

material comes from bedrock or transported sediments. 

Parent material can also be organic material (such as in 

deep peat bog soils). Parent material greatly infl uences a 

soil’s physical and chemical properties.

Time
The length of time a soil has to form will impact 

its composition. Some elements may be washed or 

blown away before contributing to soil formation in a 

particular area.

Horizons
As soils develop, layers begin to form. Have 

you ever dug a really deep hole or observed a cut 

in the landscape along a road that exposes a profi le

of soil? Look closely, and you will see layers of soil 

called horizons, Figure 11-2. A horizon is a layer of 

soil distinguished by properties and characteristics 

developed through the fi ve factors of soil formation. 

Antonov Roman/Shutterstock.com

Figure 11-2. The horizons or layers of a soil profile 

can vary within inches of one another. The top layers 

of the horizons have the most organic matter. Topsoil 

is an extremely valuable natural resource.

Corner Question

How long does it take to 

form an inch of soil?
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Soil horizons have crucial implications for plant growth. The fertile, upper,

outermost layer of soil is called the topsoil, surface horizon, or A horizon.

This layer is the most important for plant growth. Below the surface horizon 

is the B horizon, or subsoil layer, which contains much of the original parent 

material that has been weathered. The fi nal horizon is the C horizon, the 

subsoil layer that contains much of the original parent material that has not 

been weathered.

The factors that affect soil formation also infl uence physical properties, 

such as soil texture, structure, and color, as well as its biological properties 

and chemical properties, such as pH.

Physical Properties of Soil
Soil physical properties include texture, structure, soil water, and color.

They provide key information about a given soil and ways in which the soil 

might be used or managed.

Soil Texture
Soil texture refers to the proportion of different sizes of mineral particles 

present in a soil. Soil texture is the most important physical property to 

consider when managing soils for cultivation. The three soil particles are sand, 

silt, and clay. Have you ever built a sandcastle? Remember the gritty feel of 

the sand? The coarse feel of sand comes from its large particle size. Have you 

ever stepped in mud and had the mud cling to your boots? Likely, the mud 

contained a certain amount of clay. Clay has the smallest particle size, but it 

has a physical structure that makes it sticky. Sand has the largest soil particles 

at 2 mm–0.05 mm, followed by silt at 0.05 mm–0.002 mm, and then clay at less

than 0.002 mm. Most soils are combinations of these particles. The particles of 

various sizes and their proportions have different physical characteristics that 

signifi cantly infl uence plant growth potential. These characteristics include:

• Water-holding capacity—how much water the soil can hold at any

given time so it will be available for uptake by plants.

FFA ConnectionFFA Connection
LLandd Judging is a national career development event 

ssppoonnssoreed by the FFA. Local teams judge soils by identifying 
ssooill pprropeerties, such as texture, slope, erosion class, 
perrmmeeabbility, and surface runoff, and make a determination of 
laandd ccapaability class. Teams use this information and decide 
oon reeccommmended land treatments that include vegetative,
mmechhaniccal, fertilizer, and soil amendments. The USDA
NNatturral RResources Conservation Service has a rangeland
reesoouurce program that provides soil education for students.
TTThis NNRCCS soil scientist is giving student participants a 
praacttice dday in preparation for a land-judging competition.

Land Judging CDE

UUSDA Natuural Resources Conservation Service
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 • Aeration—the process by which air is circulated, in this case to 

provide oxygen for root respiration.

• Drainage rate—the rate at which water passes through the soil.

• Compaction potential—how easily the soil compacts or compresses.

• Erosion potential—how easily topsoil is lost through erosion or tillage 

after rainfall.

• Nutrient retention—the ability to store plant nutrients and resist pH changes.

Textural Classes
Soil textures can be divided into three broad groups: sandy soils, clayey 

soils, and loamy soils. These groups provide a framework for horticulturists 

to understand the general nature of these soils and their requirements for 

management.

Sandy soils are dominated by a signifi cant proportion of sand. They 

have large-sized particles (2.0 mm–0.05 mm) and pore spaces that allow good 

aeration. Sandy soils allow water to infi ltrate and permeate the soil. Sandy 

soils till easily and warm up quickly in the spring. Certain horticultural 

crops, such as sweet potatoes and blueberries, thrive in sandy soils. Sandy 

soils, however, usually have low organic matter, low native fertility, and low 

capacity for holding both water and nutrients.

Clayey soils have the fi nest particle size (less than 0.002 mm), which 

contributes to slow drainage and poor aeration. Clayey soils are also easily 

compacted. However, clay has a high water-holding capacity and an excellent 

ability to hold plant nutrients. It does not erode easily if it is well-aggregated. 

Plants that thrive in clay soils include hollies and pines.

Loamy soils have a fairly even mixture of sand, silt, and clay particles. A 

loamy soil has moderate water-holding capacity and a strong ability to store 

plant nutrients. Loamy soils present the most ideal medium for horticultural 

production. Loamy soils support the broadest range of plant possibilities,

including most fruit and vegetable crops. Loamy soils do not aggregate well, 

making them the most susceptible to erosion by water or wind.

Determining Soil Texture
Suppose you decide you would like to grow sweet potatoes, and you 

know they thrive best in a fi ne, sandy loam. How would you fi gure out what 

kind of soil texture you have? Soil texture can be analyzed through laboratory 

methods using a hydrometer. A hydrometer is an instrument used to measure r
the percentages of sand, silt, and clay in a sample to determine the soil 

textural class, Figure 11-3. You could also use a fi eld technique called soil 
texture by feel, Figure 11-4.

oksana2010/Shutterstock.com

Figure 11-3. A hydrometer is used to measure particle sizes of soil: sand, silt, and clay.

liz
Sticky Note
Possible pic of sugar beets growing on a sandy soil

Image ID: 142332484
Copyright: Matthijs Wetterauw
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USDA Natural Resources Conservation Service

Figure 11-4. This diagram will help you learn to identify your soil texture using the soil texture by feel technique. l What type 

of soil texture is in your home or school garden?
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Scientists who study the soil, or pedologists, have years of experience 

and practice in the fi eld classifying soils for soil surveys (comprehensive 

studies of the soil of an area), on-site waste applications (septic systems), or 

land classifi cation. They can tell you almost the exact percentage of sand, silt, 

and clay in a sample. To determine soil type, start by calibrating your fi gures

with known soil textures.

It is important to understand that 

the textural properties of soil do not 

infl uence soil management decisions.

Rather, management decisions are focused 

on the improvement of soil through soil 

amendment. As a horticulturist, it is 

important to understand how to use a 

soil’s texture to optimize crop production, 

Figure 11-5.

Soil Structure
Soil structure refers to binding

together of sand, silt, and clay particles into 

aggregates called peds. Soil texture refers

to amount of sand, silt, and clay present 

in a given soil; whereas soil structure refers 

to the aggregation of these soil particles. 

Infl uence of Soil Texture on Properties and Behavior in Soil
Property/Behavior Sand Silt Clay

Water-holding capacity Low Medium to high High

Plant available water Low High Medium

Aeration Good Medium Poor

Organic matter decomposition Fast Medium Slow

Organic matter content Low Medium to high High to medium

Water erosion Low High Low

Ability to store plant nutrients Poor Medium to high High

Drainage rate High Medium to slow Slow to very slow

Porosity Low Medium High

Pollutant leaching High Medium Low

Bulk density High Medium Low

Compactibility Low Medium High

Warming in spring Fast Moderate Low

Infiltration Fast Medium Low

B Goodheart-Willcox Publisher

Figure 11-5. A—Properties of sand, silt, and clay are shown here. B—Soil texture influences soil behavior.
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Soil structure affects water movement, including infi ltration (how the 

water moves through the soil) and surface runoff. Soil structure plays a role 

in aeration, heat transfer, and porosity (the state of having space or gaps). 

Consider a soil structure that limits rooting depth of a landscape tree. What 

will happen to the tree? With a diminished depth for roots to grow, shallow

root development will occur. This increases the likelihood that the tree may 

fall due to wind. Rainfall will not easily infi ltrate the soil surface, increasing

potential for runoff and erosion.

A well-structured soil has ample pore space, which allows water and air 

to move easily into and through the soil. This enhances a plant’s uptake of 

water and nutrients. Good structure increases water infi ltration through the 

soil’s surface and minimizes erosive potential.

Managing Soil Structure
Unlike soil texture, structure can be strengthened through good 

conservation practices or destroyed by mismanagement. Organic matter can 

be added to soil by using cover crops or applying compost. A cover crop is 

a crop planted to add nutrients to the soil and manage erosion. Compost ist
decomposed organic matter, such as animal manure or food wastes, used

to add nutrients to soil. This material acts as a binding agent, clumping soil 

particles together and improving the structure. Agricultural practices such as 

conservation tillage, where a farmer limits tillage by planting directly into the 

soil with a seed drill and reduces the passes of a tractor across a fi eld, also give 

soil the opportunity to build structure. Mismanagement of soils can result in 

compacted soil that has little pore space for air and water. In addition, poor 

management practices contribute to weak soil structure that falls apart and 

causes limited infi ltration, ponding, or standing water. Poor structure may also 

be caused by heavy construction or agricultural machinery and rainfall on bare

soil. Wet soil is more susceptible to compaction than dry soils.

Soil Bulk Density
Bulk density is the mass of a given 

volume of dry soil that takes into 

consideration the solid and pore spaces 

of a soil. This is helpful for evaluating 

soil for attributes, such as total porosity, 

aeration, and water content for plant 

uptake. An increase in bulk density through 

soil compaction adversely affects plant 

production. Soil compaction diminishes

the capacity of soil to take in water. This 

decreases the water available to the 

plants, and also limits the potential for 

root growth, Figure 11-6. Long-term, 

intense tillage may increase bulk density 

by destroying soil structure and pore 

space and by depleting organic matter 

that helps bind soil particles together. 

Svend77/Shutterstock.com

Figure 11-6. Long-term, intense tillage of soil negatively impacts 

the health of the soil. Conventional tilling of agricultural land is 

a thing of the past and today’s farmers are doing all they can to 

promote the health of the soil.

Corner Question

Where does the term 

heavy soil come from?l

liz
Sticky Note
We need to change the phrase "conventional tillage is a thing of the past." Too judgy, because folks still do it, especially in horticulture crops.  Can we rephrase to" Long-term intense tillage CAN negatively impact the health of the soil. Today's farmer's use a number of tillage practices and production methods to promote the health of soil.
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Good soil structure may be promoted and maintained through soil 

management techniques such as:

• No-till practices.

• Minimizing traffi c and confi ning it to dry soil.

• Mulching (adding a layer of material over soil surfaces).g
• Adding crop residues, compost, or manures to stabilize soil 

aggregates.

• Using cover crops to promote good soil structure and lower bulk

densities.

Soil Water
Plants rely on the availability of water in the soil to maintain vital 

processes for growth and development. A soil’s physical properties,

including texture, structure, and the nature of the pores (bulk density),

greatly infl uence the movement of water and its availability for plant 

uptake. There are two categories of water in the soil: gravitational and 

capillary. Gravitational water is free water that moves through the soil r
by the force of gravity. Gravitational water infi ltrates the soil or runs off 

the soil surface and is generally not available to plants. Gravitational 

water occupies the macropores, or large pore spaces in the soil. Capillary 
water is held in the soil against gravitational pull, and most of this water r
is available to plants. Capillary water is found in the micropores, or small 

pore spaces. It moves as a thin fi lm around soil particles through the 

attractive forces of adhesion (water molecules binding to soil particles) and 

cohesion (water molecules binding to themselves). The plant roots use this 

water until the attraction between the water molecules and soil particles is 

stronger than the pull of the roots. Field capacity is the maximum amount 

of water that a soil can hold against the pull of gravity. A soil’s water-

holding capacity is the amount of water that a given soil can hold for crop 

use. For example, a sandy textured soil has a low water-holding capacity 

and would be affected more by drought conditions. A clayey soil has a

high water-holding capacity.

Water Movement through Soil

Hands-On Hands-On 

Take two empty tennis ball containers, and drill five holes in the bottom 
of each one. Fill one tennis ball container with a sandy soil and the other with 
a clayey soil. Make sure the soil particles are completely dry. Place each soil-
fifillll ded conttaiiner on ttop fof a cllear cup. MMakke a hhyp tothhe isis baboutt hwhiichh co tnt iainer
water will flow through the fastest. Why?

Pour equal amounts of water into each container and observe the 
movement of water as it infiltrates the soil surface and as it moves downward
through the soil profile. What is happening? Was your hypothesis correct? Why 
or why not?
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Soil Color
Soil characteristics are important when considering how to use and 

manage land for horticultural production. Consider a handful of soil. If you 

observe it closely, the fi rst thing you might notice would be the color. Is it

brown? Red? Yellow? Yellowish-brown? Soil color ranges from green-blues 

to browns and blacks, to reds, yellows, and oranges. Although the color 

itself will not determine how you may use the soil, what it reveals about the 

soil will.

Soil colors give clues about the soil’s composition 

and site characteristics, such as drainage and water 

content, mineral weathering, and biological activity.

For example, well-drained soils have bright colors. 

Soils with a high water content and poor drainage have 

very gray colors. Soils with a deep, rich, black color 

usually have a healthy presence of organic matter that 

has coated the soil particles, rendering them a dark, 

black-brown color, Figure 11-7.

So how does a soil’s color affect the grower’s 

decision on what to plant? If the soil cannot be 

amended and changed easily or quickly enough to 

accommodate a desired crop, the grower may need 

to plant something else. For example, when growing 

tomatoes, you will want the soil to have a deep, rich, 

black color that indicates the presence of organic 

matter, good drainage, and high nutrition content. If 

you plant tomatoes in a gray soil with a high water 

content, there will be poor growth or crop failure.

Biological Properties of Soil
The living organisms that dwell in the soil infl uence soil properties. 

They are responsible for the biological activity within the soil that provides 

services such as:

• Decomposition.

• Carbon recycling.

• Nutrient production.

• Pore formation.

The multitude of organisms that call the soil their home include 

microorganisms, soil-dwelling insects, and burrowing animals, Figure 11-8. Their

individual behaviors and interactions keep soil healthy and help plants grow.

Microorganisms
Microorganisms abound in soil. In fact, there are more microorganisms 

living in a teaspoon of soil than there are people living on the earth. These 

microorganisms include bacteria, actinomycetes, fungi, algae, protozoa, and 

nematodes. Many microorganisms produce gums and gels that help bind 

soil particles together and improve soil structure. Many break down not only 

plant and animal residue but also chemical structures such as pesticides.

Photo by Lynn Betts USDA National Resources Conservation Service

Figure 11-7. The three soil samples show the 

differences in slightly eroded soils. Which of the 

three samples appears the healthiest?

Corner Question

What does soil color tell

you?

Corner Question
What do you think a soil 

called fairy dust looks t

like? Where do you 

think this type of soil 

could be found?

liz
Sticky Note
This caption makes no sense to me -- I think we need to rephrase to the effect of soil organic matter can improve soil structure and nutrient holding capacity.
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Bacteria, particularly

rhizobia, play a vital role in

horticultural production. This 

bacteria converts elements such 

as nitrogen into a usable form 

that can be taken up by a plant. 

Fungi spread throughout the soil 

and actively recycle nutrients by 

breaking down organic matter. 

Mycorrhiza is a fungus that grows

in association with the roots of 

a plant in a symbiotic or mildly

pathogenic relationship. Such

fungi form a relationship with

plants by providing plants with 

nutrients, such as nitrogen and

phosphorus, in return for direct

access to carbohydrates. Scientists 

continue to uncover the roles of 

living organisms in the soil and

the impact they have on soil health 

as well as its potential for plant

production.

Bacteria

Grubs

Gr

beetles

Earthworms

ungi

A Goodheart-Willcox Publisher

Soil Organisms Concentrations in Soil Per Square Meter

Soil Organisms Examples
Quantity 

(per square meter)

Vertebrates Gophers, mice, moles 1

Arthropods
Ants, adult beetles and beetle larva, centipedes, grubs, 

maggots, millipedes, spiders, termites, woodlice
5000

Annelids Earthworms 3000

Mollusks Snails, Slugs 100

Nematodes Nematodes 5,000,000

Rotifers Rotifers 10,000

Protozoa Amoeba, ciliates, flagellates 10,000,000,000

Algae Greens, Yellow-greens, diatoms 1,000,000,000

Fungi Yeasts, mildews, molds, rusts, mushrooms 100,000,000,000

Actinomycetes Many kinds of actinomycetes 1,000,000,000,000

Bacteria Aerobes, anaeraobes 10,000,000,000,000

B Goodheart-Willcox Publisher

Figure 11-8. A— Various organisms living in soil. B—Population counts of soil organisms.
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Soil-Dwelling Insects
Soil-dwelling insects, such as termites and ants, move

soil around and aid in soil mixing, which can lead to

improved soil aeration and water infi ltration. Other soil-

dwelling insects, dung beetles for example, will take animal 

manure from the soil surface and bury it deep into the soil

to provide nutrients for their developing brood, Figure 11-9.

Plants are able to draw nutrients from the manure as it 

decomposes and is processed by the young beetles.

Burrowing Organisms
The tunneling of burrowing rodents, such as moles, 

gophers, and prairie dogs, can provide spaces for gas exchange

and for water fl ow. Their excrement and bodies also contribute

to soil health as they decompose below the surface horizon.

In addition to moving soil around and aiding in soil mixing, earthworms 

ingest soil particles and organic residues. They enhance the stability of soil 

aggregates and increase the availability of plant nutrients.

Chemical Properties of Soil
Soil provides a platform for plants to obtain essential nutrients for 

growth and development. By understanding the cycles of nutrients in the 

soil, one can better understand his or her own role in managing this system 

and optimizing it for plant production. Nutrients are added to the soil 

through biological processes as soil-dwelling organisms break down organic 

matter or transform minerals to forms plants can use. Nutrients are also 

added to soil with synthetic fertilizers.

Nutrient uptake is a function performed by a plant’s roots. The roots 

absorb cations and anions that have dissolved in the soil water. Ions are 

atoms or molecules that have lost one or more valence electrons and become 

positively charged cations or negatively charged anions.

An electrical conductivity (EC) meter is a tool that measures the amount r
of soluble salts in a sample of soil or media. The salts are dissolved nutrient 

ions. This information can be used in management decisions that impact 

plant growth.

Mobile anions, such as forms of nitrogen, sulfur, and chlorine, are 

not strongly attracted to soil particles, but they are very soluble in water.

Immobile nutrients do not readily move through the root zone to root 

surfaces. As a root pulls nutrients from a solution, nutrients are adsorbed
(taken up and held by a soil particle) and desorbed (released) to the soil water 

solution for availability by plants to uptake. This process is the key chemical 

reaction for making nutrients available to plants and is known as the cation 
exchange capacity (CEC), or the amount of cations that a soil can hold. The 

CEC is tempered by the ability or capacity of a soil particle’s charge to hold 

cations. Soils with clay particles and organic matter have higher CECs.

Alta Oosthuizen/Shutterstock.com

Figure 11-9. Dung beetles will take animal 

manure and roll it to a desired location before 

burying it to provide nutrients to their young.
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Soil pH
The nutrient ions previously discussed have positive and negative 

charges that infl uence the acidity or alkalinity of a soil, otherwise 

known as the soil pH. Soil pH may be determined through the use of 

pH paper. Once exposed to the soil sample, the paper test strip reacts

and changes color to indicate the pH level. In soil solutions where 

cations (hydrogen ions, H+) predominate, the soil will be acidic or

have a pH lower than 7. In alkaline soils, or soils with a pH higher 

than 7, anions (hydroxyl ions, OH–) are more numerous. If an equal

proportion of both ions is present, the soil is considered to be neutral.

Soil pH infl uences plant growth by indirectly affecting the 

availability of plant nutrients for uptake. It also infl uences the activity 

of microorganisms in the soil. Some nutrients are available to plants

over a broad range of pH, whereas other nutrients are more sensitive 

to fl uctuations in pH, Figure 11-10. For example, nutrients such as iron,

zinc, manganese, and copper are very soluble at low pH and readily 

available to plants. However, aluminum, an essential plant nutrient,

becomes toxic to plants at a low pH as it becomes more soluble. Most 

horticultural plants can thrive in a pH range of 5.5 to 7.0, Figure 11-11.
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Figure 11-10. Availability of nutrients 

as mediated by pH. What types of 

organic materials can you add to 

soil to increase the pH? What types 

would you use to lower the pH?

Goodheart-Willcox Publisher  (Continued)

Figure 11-11. Optimal pH ranges for common garden plants. Can you estimate the pH of soil by the types of natural flora 

growing in the area?

Optimal pH Ranges for Plant Growth
Herbaceous Plants

Asparagus 6.0–7.5 Muskmelon 6.0–6.8

Beans 6.0–7.0 Oat 6.0–6.8

Beet 6.5–7.5 Okra 6.0–6.8

Bluegrass, annual 6.5–7.5 Onion 6.0-7.0

Broccoli 6.0–7.0 Pea 6.0-7.5

Cabbage 6.5–8.0 Pea, sweet 5.5–7.5

Cantaloupe 6.0–7.5 Peanut 6.0–6.8

Carrot 5.5–7.0 Pepper 5.5-7.0

Cauliflower 7.0–8.0 Potato 4.8-6.5

Celery 5.8–7.0 Pumpkin 5.5–7.5

Corn 5.5–7.5 Radish 6.0-7.0

Cucumber 5.5–7.5 Rhubarb 5.5–7.0

Eggplant 5.5–6.0 Spinach 6.0-7.0

Fescue 6.0–7.0 Squash 6.0-7.0

Garlic 5.5–8.0 Strawberry 5.5–6.5

Kale 6.0–6.8 Sunflower 6.0–7.5

Kohlrabi 6.0–6.5 Sweet potato 5.2-6.0

Lettuce 6.0-7.0 Tomato 5.5-7.5

pH ranges and level of acidity: 4.0–5.0 strongly acidic; 5.0–6.0 moderately acidic; 6.0–8.0 slightly acidic and slightly alkaline
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Soil pH is dynamic and can be altered with the addition of acid or base 

materials. In certain areas, the climate naturally creates acidic soils that 

need to be managed with the addition of a base such as lime. In other parts 

of the world, alkaline soil or water raise the pH slowly over time. Through 

incorporation of an acid such as sulfur (also a plant nutrient), optimal plant 

growth can be achieved. Horticulturally important crops that prefer strongly 

acidic soil environments include members of the heath family (Ericaceae), 

such as blueberries, cranberries, lingonberries, azaleas, and rhododendrons.

Soil Testing
Knowing the nutrient levels and pH of a soil can help in attempting to 

manage its fertility. Using a soil probe (a tool used to pull a soil sample from the 

earth), horticulturists extract soil samples and send them to a lab for analysis.

The analysis will reveal nutrient defi ciencies or toxicity and provide suggestions

for management. Nutrient defi ciencies are more common than toxicities.

Nutrient defi ciencies limit plant development and growth. Plants 

experiencing nutrient defi ciencies show symptoms that range from stunted 

growth to chlorosis (a yellowing of the leaves) or necrosis (deadening of 

plant tissue). The results from a soil test will indicate the lack or abundance 

of different nutrients. This information will help determine the nutrients and 

concentrations that need to be applied for an optimal balance for the intended 

horticultural use (landscape, turf, vegetables, or fl owers).

Optimal pH Ranges for Plant Growth (Figure 11-11, continued)

Trees and Shrubs
American holly 4.5–5.5 Lilac 6.0-7.5

Apple 5.5–6.5 Magnolia 5.0–6.0

Arborvitae 6.0-8.0 Maple, sugar 6.0–7.5

Ash 6.0–7.5 Oak, black 6.0–7.0

Azalea 4.5–5.5 Oak, pin 4.5–5.5

Beech, American 5.0–6.5 Oak, red 4.5–5.5

Birch 5.0–6.0 Peach 6.0–6.8

Blueberry 4.5–5.5 Pear 6.0–6.8

Cherry, sweet 6.5–8.0 Pine, red 5.0–6.0

Clematis 5.5–7.0 Pine, white 4.5–6.0

Crabapple 5.5–7.0 Raspberry, black 5.5–6.5

Dogwood 6.0–7.0 Raspberry, red 6.0–7.5

Douglas fir 6.0–7.0 Rhododendron 4.5–7.0

Hemlock 5.0–6.0 Sumac 5.0–6.0

Honey locust 6.0–8.0 Walnut, black 6.0–8.0

Hydrangea, blue-flowered 4.0–5.0 White spruce 5.0–6.0

Hydrangea, pink-flowered 6.0–7.0 Willow 6.0–8.0

Juniper 5.0-6.0 Yew 6.0–7.0

pH ranges and level of acidity: 4.0–5.0 strongly acidic; 5.0–6.0 moderately acidic; 6.0–8.0 slightly acidic and slightly alkaline
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Horticulturists may also use a soil auger to pull a soil sample. A soil 
auger is similar to a probe, but can pull samples from as deep as 10r ′ within 

the soil profi le. A soil auger enables soil scientists to examine soil color, 

texture, and structure.

Soil and Soilless Media
In agriculture, soil and specially formulated soilless media (also known 

as potting soil) are critical components for plant growth. Soilless media is a 

sterile mix of natural ingredients used to raise plants in greenhouses, cutting 

beds, and containers. It is lighter than soil with more pore spaces. The type of 

soil or media you use and how it is managed greatly infl uences how well a 

plant will grow.

Photo by Tim McCabe, USDA National Resources Conservation SServiccee

As part of a cooperative soil survey program by the 

state of Iowa, Iowa State University, and the USDA 

Natural Resources Conservation Service, all the soilss in 

Iowa have been surveyed and catalogued. A technicciann 

is testing the pH of this soil sample.

STEMSTEM Connection Connection
Taking a Soil Test and 
Reading a Soil Report

MMoost inexpensive soil test kits from local garden 
ccccennteerss are not reliable and do not accurately 
mmmmeeassure pH or give recommendations for soil 
aaaammenndments. Soil texture, organic matter content, 
pppplantss tto be grown, target pH, soil acidity level, CEC,
cccclayy ccontent, and current pH are factors to consider 
iinn ddetterrmining the amount of lime needed to raise 
ttthhee sooill pH. Consistently reliable results can be 
oooobttainneed only by submitting samples to a soil-testing 
llaaboraatoory. Test your soil several months before 
pppplantingg or fertilizing so that you can implement 
rreeccommmmendations before the growing season. For 
eeeexaamplle, if you would like to grow a spring vegetable
ggggarrdeen, submit a soil sample in the fall or winter. As 
aaaa ggenneral rule, test sandy soils every two to three
yyyyeaarss aand clayey soils every three to four years.

TToo take a soil sample, begin by moving leaves, 
mmmmuulchh, and other debris from the soil surface. Use a 
tttrrowweel oor shovel to dig a hole 6″–8″ ″ (15 cm–20 cm) ″
ddddeeep foor gardens, 2″–4″ ″ (5 cm–10 cm) for lawns, ″
aaaandd 66″––10″ ″ (15 cm–25 cm) for trees and shrubs.″

RReepeat this procedure in six to eight areas 
(((ssuubssamples) to obtain a more representative 
ssssammpplee for testing. Avoid sampling in areas that are 
oooobvviooussly different, including wets spots, compost 
ppppilees, uunder eaves, or under brush piles. Mix the 
ssssubbsaammples together thoroughly and remove any 

large roots, stems, leaves, rocks, or other materriaalss. 
Fill the soil sample box to the fill line (approximaattely 
a pint) to ensure there is enough soil for the 
necessary tests. Include information on what yoouu 
intend to grow for appropriate recommendationss.

The soil test report will give information 
on your soil’s nutrient levels and pH. 
Recommendations will be given on how much 
fertilizer to apply based on what you are growingg. 
If the soil needs to be amended to adjust the pHH,,
liming calculations per square foot will be given. 
Adding an acidic material to lower the pH may bbee 
suggested as well. Contact your local cooperativvee 
extension service office for additional resourcess 
and support on nutrient management calculatioonns 
and pH adjustments.
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Across farms, in gardens, and in greenhouses, 

soil and soilless media serve as the foundation for 

growing fruits, vegetables, landscape ornamentals,

cut fl owers, and bedding plants. Soil anchors a 

plant’s root system, providing structural support 

so the plant will not fall over, Figure 11-12. Soil also 

has a network of air spaces, which allow for plant 

roots to respire (give off carbon dioxide and take in 

oxygen). These same soil pore spaces also provide a 

place for water to be held and used by plant roots.

Soil and soilless media can moderate 

temperature changes, shielding plant roots from 

extreme temperature changes. Plants require 

nutrients to complete essential functions for growth 

and development. Soil and various media formulas 

provide mineral nutrients, such as nitrogen,

phosphorous, potassium, calcium, and iron. (Further 

discussion of plant essential nutrients will be 

covered later in the text.)

Garden or Native Soil
One of the most common gardening mistakes 

made by beginners is trying to grow plants in a 

container fi lled with garden soil. (In this text, garden 
soil refers to the soil found naturally in a landscape 

without signifi cant amendments.) Why is this a

bad practice? If plants can thrive in a garden full 

of garden soil, why is it a bad idea to use it in 

containers? Garden soil is a heavy soil that holds too 

much water to be confi ned in small structures. No 

matter how durable the container, or how healthy 

the plant is to begin with, if you use garden soil, 

your plant will have health problems.

Using garden soil in a container undoubtedly 

causes water-related problems. When garden soil

is used in containers, it may never have the chance 

to dry out. Therefore, the plant roots never get the 

chance to breathe (respire). If roots cannot respire, 

they cannot perform other life functions and will 

ultimately die. Remember, plants are like people and 

need water, air, nutrients, light, and space to grow. 

Additionally, once garden soil does dry out, it may 

become hard to rehydrate. It can become as hard as 

a brick and will barely hold water again.

Aside from water-holding and drainage issues,

garden soil confi ned to a container can become a 

thriving habitat for pathogens and insects, Figure 11-13. 

MyImages - Micha/Shutterstock.com

Figure 11-12. Soils anchor the roots of plants. Poor 

soil structure and other contributing factors can lead 

to the capsizing of trees, which can be damaging or 

deadly to people.

Margaret M Stewart/Shutterstock.com

Figure 11-13. Various beneficial and problematic 

insects and microorganisms inhabit garden soil. 

Here, white grubs that will become beetles as adults 

rest in this handful of soil. What other types of living 

organisms do you think are in this handful of soil?
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Pathogens are disease-causing organisms such 

as bacteria, viruses, and fungi. Garden soil is 

also home to insects of all shapes and sizes, some 

of which may be benefi cial whereas others are 

simply pests. Garden soils will also have unique 

chemistries with variations in pH that can lead to 

nutritional issues. As discussed earlier, if the pH is 

too acidic or alkaline, plants will not have access to 

nutrients in the soil and can then become starved 

of the essentials they need to thrive, Figure 11-14.

Soilless Media
Garden soil should never be used in a 

planting container, but what should be used 

instead? Instead of garden soil, horticulturists use 

specially formulated potting soil, or soilless media, 

in containers. Soilless media can have various 

ingredients, may or may not be lightweight, is full 

of nutrients, is able to hold water while allowing 

for proper drainage, and provides suitable space for root growth. 

Examples of naturally occurring soilless media include water, 

gravel, and sand, Figure 11-15. Scientists also formulate soilless 

media in laboratories for specifi c horticultural objectives.

The combination of ingredients in soilless media behaves 

similarly to garden soil without the negative impacts garden 

soil may have on plant growth. Typical potting soils contain the 

following ingredients in various ratios:

• Vermiculite—a lightweight material made of small pieces 

of mica that readily absorbs water.

• Perlite—a very lightweight, pea-sized (or smaller) rock 

that is white and comes from volcanoes. This material is 

used to help increase drainage.

• Peat moss—a brown, water-holding material harvested 

from peat bogs that provides space for root growth. Peat

moss is made of aged, decomposed plant and animal 

matter and forms the foundation of most potting soil 

mixes.

• Sphagnum moss—a once-living moss that comes from

wet bogs. The moss is harvested, dehydrated, and 

often compressed. The quality of the sphagnum moss is 

dependent on the length of the strands. This product is 

used to hold moisture and provides space for root growth.

• Coconut coir—a brown fi brous material that is the result rr
of shredding coconut husks. This is a renewable resource that acts like 

peat moss but is more sustainable. Coconut coir also holds water and 

provides space for root growth.

Alena Brozova/Shutterstock.com

Figure 11-14. On the left, a strawberry plant lacks iron.

The interveinal chlorosis on the younger leaves is an 

indicator of this nutrient deficiency. What do you think 

will happen to a plant that lacks chlorophyll and is 

yellowing?

Yurchyks/Shutterstock.com

Figure 11-15. A plant growing in a 

water solution shows the capacity of 

roots to inhabit a space, searching for

water and nutrients.
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• Bark—pieces from the outermost layer of trees that help add drainage 

to soilless media mixes. The bark particles range in size depending on 

the type of material that will be grown in the mix.

• Slow-release fertilizer—small, pellet-sized material added to soil rr
to increase fertility. It ranges in color and composition. The mostly-

synthetic fertilizer pellets are coated in a polymer that releases a little 

of the fertilizer every time the soil is watered. These polymers usually 

last for two to four months.

Today’s horticultural manufacturers are always reworking their soilless 

media formulas to meet the needs of growers and gardeners. Whether you 

grow orchids, succulents, or fairy gardens, there are potting soil mixes 

specially formulated for optimal plant performance.

Mulch
Mulching is adding a layer of material over the garden soil. This 

material can be organic or inorganic, Figure 11-16. Mulch is usually 

spread three to four inches deep over the soil surface. Mulch can include 

a number of materials, such as bark, straw, leaves, pine needles, compost, 

gravel, rocks, or even shredded tires. Mulch provides more than just 

aesthetic value. Mulch can suppress weeds, moderate soil temperature, 

help the soil retain water, add nutrients, and provide a platform for traffi c 

throughout a garden.

Organic and Inorganic Mulch
Mulch Type Advantages Disadvantages

Organic

• Readily available

• Can be made at home

• Increases microbial activity

• Adds nutrients to the soil

• Suppresses weeds

• Retains moisture in soil

• Insulates plants to lessen 

temperature fluctuations

• When purchased it is

expensive

• Not all organic material adds

the same value to the soil

• Will need to be replaced

Inorganic

• Does not decompose

• There is no need to reapply 

(unless using plasticulture)

• New purpose for some items 

that would otherwise be 

thrown away

• Expensive initial cost

• Weeds will grow through

rocks or on top of geotextiles

• Most always purchased 

(not available at garden site)

• Geotextiles and plasticulture

are not recyclable

Goodheart-Willcox Publisher

Figure 11-16. Advantages and disadvantages of organic and inorganic mulches. 

Can you think of other waste materials that might be suitable for mulch?
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Inorganic Mulches
Inorganic mulches can include a number 

of synthetic materials that are used in the 

landscape. Geotextiles, plasticulture, and tires 

are inorganic mulch materials commonly used

by landscapers and growers. Geotextiles are 

products such as permeable, weed control fabric

made from a plastic material, Figure 11-17. They 

may be applied over a soil surface. Plants can be 

planted in holes made in the fabric, or another 

mulching material can be placed over the fabric. 

The permeability of geotextiles allows water to 

readily infi ltrate the soil.

Plasticulture is an impermeable, plastic, 

inorganic mulch material commonly used in

vegetable production. Sheets of black, white,

or red plastic are laid over the soil surface

after drip irrigation lines are installed. Plants

are then placed into holes made through the

plastic. The irrigation pipes water the plant, and there is no need to weed 

that space. The plastic mulch has to be replaced with each new crop.

Thinking Green
Coconut Coir vs. Peat Moss

Coconut coir (pronounced core) is a coarse 
fiber created when the coconut husk is removed 
from the shell and shredded. Coconut coir is 
a sustainable resource and renewable way of 
amending soils. It may also serve as a soilless 
media foundation. Coconut coir fibers have 
advanced structural stability that allows for good 
drainage and water absorption. The coconut 
fibers do not decompose as quickly as peat moss 
in soil.

Peat moss comes from peat bogs, mostly 
in Ireland and Canada. These bogs store over 
562 billion tons of carbon (more than all of the 
trees in the world). When peat is mined, the 
bogs must be drained of the water, and carbon 
is released into the atmosphere. Harvesting 
this resource is often considered contradictory 
to sustainable practices. When available, more 
renewable sources for media and containers 
should be used.

xuanhuongho/Shutterstock.com

Gabriela Insuratelu/Shutterstock.com

Eugene Sergeev/Shutterstock.com

Figure 11-17. A geotextile product can be used as a 

mulching material or to prevent erosion. It is still permeable 

and allows water to seep into the ground, but weeds and 

other materials cannot enter.
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You may have observed shredded tires used 

as a mulch on playgrounds or areas of traffi c

in parks. All these inorganic mulches have a 

purpose in gardening, Figure 11-18.

Organic Mulches
Organic mulches, such as bark and

leaves, provide a bounty of benefi ts to

gardeners by improving soil health. These 

mulches help to increase the amount of 

microbial activity in a soil (mainly bacteria 

and fungus) that converts organic matter 

into nutrients for plant root uptake. The 

mulched soil has increased worm activity, 

which leads to more pore spaces where 

water can be held and travel and for roots to 

grow into.

The addition of organic materials, such 

as tree bark, leaves, and straw, all help 

improve the soil’s structure. These materials 

aid in aggregation of soil particles, which increases the surface area available 

to hold water and nutrients. The soil’s structure improves greatly with each 

addition of organic mulch.

Photo by Lynda Richardson, USDA Natural Resource Conservation Service.

Figure 11-18. This layer of black plastic is used to cover the 

soil. Here tomatoes sit on top of the plastic, while beneath 

the plastic are drip irrigation lines. The plastic helps to mulch 

the soil, detour weeds, and insulate the soil from temperature

fluctuations and water loss.

Hannamariah/Shutterstocckk.coommm

STEMSTEM Connection Connection
Mulch and Soil Nutrition

AA wwealth of benefits occurs when organic mulch is applied
tttoo tthee ssoil; however, not all organic mulches are created equal. 
BBBBaccteeriia and fungi break down the carbon and help to produce a 
uuuuseeabblee form of nitrogen for the plants. High amounts of carbon 
aaaandd looww amounts of nitrogen force microbes to break down nitrogen 
rrreesservvees in existing soils, robbing plants of their nutrient source. A 
ccccarrboon to nitrogen ratio exists in all organic matter. Materials with
rrraatiioss ggreater than 30:1 (such as wood chips) do not have enough 
nnnnitrroggen to support microbial growth. Gardeners could add fertilizer 
tttoo increease nitrogen levels and decrease competition among plants
aaaandd mmicrobes. A gardener, however, can also use mulches with a 
lllooww caarrbon-to-nitrogen ratio on nutrient-poor soils, new landscapes, 
oooor sspaacces where there is a need for rich plant growth. Keep mulch 
pppprooduucts such as wood chips on paths or areas with established 
tttrreees or shrubs. Place mulches with low carbon-to-nitrogen ratio
vvvvalues where you desire lush growth.
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Compost is decomposed organic matter that 

may include animal manures, food wastes, and 

vermicompost (worm castings), Figure 11-19. 

Compost can be used as a mulch. Compost is

rich with nutrients and can be made by recycling 

organic materials that may otherwise be thrown 

into a landfi ll. You can purchase compost or 

make it with very little effort.

To make compost, mix two to three parts

of green waste (nitrogen-rich materials such as 

leaves, fresh manures, grass clippings, and coffee 

grounds) to one part brown waste (carbon-based 

materials such as sawdust and shredded 

cardboard). Place the materials in a simple 

compost bin where they can be easily turned 

and mixed. Depending on rainfall, you 

may need to add water on a regular basis. 

Allow naturally occurring microorganisms 

and time to decompose the organic matter. 

Evan Lorne/Shutterstock.com

Figure 11-19. A compost bin can be fabricated with sides 

whereas a pile lies without boundaries. Layers of green 

and brown organic matter decompose and make a ready 

amendment to soil. What other types of compost bins have 

you seen? Does one type work more efficiently than another?

Thinking Green
Cover Crops

Cover crops, also called green manures, 
are crops that are planted in gardens and crop 
fields between commercial plantings to keep 
the soil covered year-round. Cover crops may 
be cut just before flowering and then worked 
into the soil. The practice of using cover crops 
increases soil nutrients, improves soil quality, 
decreases soil erosion, improves water-holding 
capacity, helps with compaction problems, and
suppresses weeds. Grigorev Mikhail/Shutterstock.com

Safety Note
CoCompmpposostt MMatte iriala

DDoDo nn totot aaddddd p tet ffeces or animmalal wwasastete ssucuchh asas bbononeses oorr mme tat tto your 
compost pip le. Pet t fefececess anananddd anananimimimalalal wwwasasastetete mmmayayay cccononttataiinin pp tathhogegg nsns tthahahattt cacacannn
cacausususeee ililillnlnlnesesessss anananddd dededeatatathhh ininin hhhumumumanans. TTThhhese ppatathohogegensns ccououldld iinfnfecectt ththee pepep rsrsoon 
hahandndlilingngg tthehe ccomompopostst oorr sosomemeononee iningegeststining ffo dod tthhat has come in contact
with the compost. You should also avoid adding diseased plant materials and 
invasive weeds to prevent spreading diseases and weeds when distributing 
compost.
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Compost is ready to be used when it looks and smells like earth. Compost may 

be used just as you would any other mulch or it may be incorporated by hand or 

machine into the top 6″ of soil.″
It is important to realize the objective of the gardener before selecting 

and applying mulch in a garden. Using inorganic materials may seem to 

require less maintenance or cost than organic materials. However, the plants 

may require periodic weed control and the application of fertilizer.

Containers
The majority of growing containers used 

in plant production are made of plastic and are 

available in a range of sizes, shapes, and colors, 

Figure 11-20. For both small- and large-scale 

production, growing containers should be

durable and lightweight. They should also 

provide adequate drainage. Growers should 

consider those three factors when selecting a 

container for a plant. Having a container that 

is aesthetically pleasing or that advertises the 

grower or product is an added benefi t.

Size
In general, the container should only be 

slightly larger than the plant’s root ball. By 

using a pot that is only slightly larger than the 

root ball, the roots will be able to adjust to the new mass of the soil. If the pot 

is too large, the excess soil will retain more moisture than the roots can absorb 

or use, and the plant may die from being overwatered.

Durability
The container must be able to withstand continuous water movement. 

Choose plastic, metal, clay, and ceramic containers when possible. If you 

want to minimize watering, use plastic, metal, or ceramic. Clay pots are 

porous, and water continuously evaporates through them.

Moolkum/Shutterstock.com

Figure 11-20. Plants can grow in containers of all sizes, 

shapes, colors, and materials. The type of container used 

depends upon the objective of the grower and the type of 

media that is used.

Thinking Green
Mulchmat

Mulchmat is a nonwoven wool or cotton matting material referred to as t
an agri-textile. This matting may be used in horticulture, landscaping, and 
re-vegetation of soil. Mulchmat is available in different colors, shapes, and 
thicknesses and may also be cut to size. This is a fully biodegradable product 
that suppresses weeds, retains water, insulates plants, adds nutrients to the
soil, and is sustainable.
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There are a wide variety of hot-pressed fi ber containers made of rice 

hulls, wheat, peat, wood pulp, spruce fi bers, coir, and bamboo. They can

be biodegradable and are often made with natural or synthetic binding 

materials. Fiber containers are semi-porous and increase water and air 

circulation. These containers vary in rigidity and resiliency.

Drainage Capability
The container should have drainage holes or allow 

for the addition of drainage holes through drilling. If 

it is not possible to add drainage holes, you may want 

to consider another container. If the container limits 

drainage, excess water can cause serious root health 

problems. Plants must also have access to air. If the

excess water cannot drain, saturation will occur (water 

will fi ll pore spaces in the soilless media). If a soilless

media is continually saturated, there is no room for 

air in the pores that is necessary for respiration. The 

roots will begin to rot and will not be able to pull up 

the water or nutrients needed for optimal growth, 

Figure 11-21. If you still love the container and there 

are no drainage holes, do your best to monitor how

much water is applied and make sure the plant is 

allowed to dry out between watering.

In addition to the typical plastic pots and fl ats 

for plant production, horticulturists should be aware 

that almost anything can be used as a container 

for growing plants. As long as the container can 

hold potting media and water and allow proper 

drainage, it can be used as a growing container.

Thinking Green
Biochar

Biochar is a type of charcoal r
used for agricultural purposes that 
has high nutritional content. Biochar is 
created through pyrolysis (using heat 
to decompose organic material in the 
absence of oxygen). This agricultural 
practice was used by pre-Columbian 
Amazonians. The natives would simply 
cover their smoldering agricultural waste 
in pits to create biochar that they would 
then use to amend their soil. Since those times, people around the world have 
seen the positive impacts that biochar has in soil. Today, methods that are more 
environmentally sound are used to recycle agricultural waste and amend soil.

K.salo.85

ronstik/Shutterstock.com

Figure 11-21. This planter does not provide enough 

drainage for this Cyclamen plant. As a result, the 

plant’s soil is continuously saturated, and there is 

no air in the soil for the plant’s roots. Eventually, the 

plant cannot respire, and the plant’s health suffers.
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Items ranging from an old pair shoes to old 

bathtubs to buckets may be used to grow and 

display plants, Figure 11-22.

Careers in Soil Science
Pedology, or the study of soils in their

natural environment and soil conservation,

offers endless career opportunities. There

are currently not enough qualifi ed personnel

to meet the demand for employees in this

industry. Universities and government

agencies employ soil scientists to study

and regulate soil standards and research

conservation practices, Figure 11-23. Many 

employees work with private industry to 

help prevent erosion or contamination at

construction and agricultural sites. Another 

division of this industry involves providing

soil and garden educational resources to

garden enthusiasts.

Soil Scientists
After a large region of the Midwestern 

United States experienced a severe drought in 

the 1930s, often referred to as the Dust Bowl,

the USDA Natural Resources Conservation 

Service (NRCS) was established. Its purpose

was, in part, to control and restore natural 

resources in the United States. Soil scientists,

also called pedologists, are the foundation

of the NRCS. Soil scientists employed by the

NRCS travel around the country. They work 

with both public and private landowners

to map the soil and complete soil surveys.

Modern technology allows the scientists

to precisely map the soil with advanced

instruments. Scientists are able to catalog

detailed information and develop accurate soils maps for the country. The 

information is made available to the public through government websites. 

Landowners can access the information and use it to help them to make

decisions about the land. For example, landowners can determine whether 

or not the site under analysis should be used for agriculture based on

soil characteristics. Soil scientists are often employed by the NRCS. Soil 

scientists, however, can also be employed by colleges, universities, and in 

private industry. They may work in a laboratory or in consulting jobs that

will include on-site work.

Maria Dryfhout/Shutterstock.com

Figure 11-22. Plants can be placed just about anywhere. 

An old pair of boots has been reclaimed as a home for 

these succulent plants. What other unusual planters have 

you seen? Were they modified to accommodate growing 

needs?

Photo by John Kelley, USDA National Resources Conservation Service

Figure 11-23. Soil scientists, also known as pedologists, 

study the soil. A soil scientist working for the NRCS is 

conducting a field test to determine the fluidity class of the 

soil sample.
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Media Manufacturing
There are numerous companies throughout the United States and the 

world that manufacture media and mulches, Figure 11-24. These types of 

companies manufacture professional growing mixes for greenhouse, nursery,

interiorscape, and retail markets. Facilities may be equipped to include the 

compost production, packaging, and storage operations. These facilities can 

be ideal for media and compost production. Areas of employment at this type 

of facility include sales and marketing, distribution, soil scientist, chemist, or 

manufacturer.

Thinking Green
Bioplastic Sleeves

Bioplastics are a type of biodegradable plastic made from 
organic components. Bioplastic sleeves are biodegradable plastic 
tube-like plant holders. They are not true containers because they 
must be kept in a tray until the plant’s roots hold the substrate 
together. They are plantable and fully degrade within a year.

Bioplastics appear like traditional plastics but are made of 
biopolymers or a blend of bio- and petrochemical-based polymers. 
The blend may include palm fiber, beet, potato, corn, cassava, 
sugar cane, proteins from soy, and keratin from waste poultry 
feathers. Bioplastics may also use lipids from plant oils and animal 
fats. Advantages of bioplastics include durability, weight, rigidity,
and resistance to immediate decay. Zirconicusso/Shutterstock.com

Rikard Stadler/Shutterstock.com

Figure 11-24. Companies can manufacture their own potting soil or media using organic 

components such as peanut shells, coconut coir, and other sustainable materials. What 

types of organic materials should not be used when manufacturing potting soil or other 

growing media?



304   Horticulture Today

Copyright Goodheart-Willcox Co., Inc.

Melanie McCaleb

OOn any given day, you can find Melanie McCaleb 
kknee--deep in soil. As a soil scientist that specializes in 
eerosioon, sediment, and turbidity control, Melanie plays a key 
rrole sstewarding the environment by protecting water quality 
through minimizing pollution from sediments. She designs 
aand immplements measures that keep soils in place to be 
pproduuctive for plant growth. A typical week finds her in the 
field cconsulting with construction firms to ensure they have 
ppropeer best practices in place that minimize storm water 
rrunofff and encourage rainfall infiltration into the soil surface. She might also work with a homeowner to
ddesiggn a rain garden that holds storm water that is laden with soil particles. Melanie also works within herr 
oofficee to draw and design soil erosion and sediment control plans that help businesses and homeowners 
mmanaage and conserve their soil resources.

MMelanie graduated from North Carolina State University with a bachelor’s and a master’s degree in
ssoil science. She applies that research-based knowledge to serve the citizens North Carolina. Melanie
pproviddes solutions for erosion and sediment control problems as the owner of her own small business, 
NNTU, Inc., which provides innovative solutions for superior water quality. This job requires her to have 
aa fluidd understanding of federal, state, and local regulations that allow her to make practical, safe, and 
eeconoomically responsible decisions. She successfully collaborates with many government, state, and 
loocal agencies throughout the southeast region of the United States. She serves as the president for the 
SSouthheast Chapter of the International Erosion Control Association (IECA). “I love soil because it’s a goodd
eexcusse to get dirty! And the exploration and discovery is unlimited,” proclaims Melanie.

Career ConnectionCareer Connection

Erosion Control Specialist

Melanie M. McCaaleb
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Review and Assessment

CHAPTER 

11
Chapter Summary
• Soils are living and dynamic media that are the foundation of life.

• Soil consists of four main components: air, water, minerals, and organic matter.

• Five soil-forming factors shape the development of soil: climate, organisms, relief, parent 

material, and time. As soils develop, layers called horizons are formed.

• Soil can be described by its properties: texture, structure, soil water, and color. Soil 

texture is the most important physical property to consider when managing soils for 

cultivation.

• There are three basic soil textures: sand, silt, and clay. Each has unique characteristics that 

contribute to plant growth. Field tests or laboratory tests can be used to determine soil 

texture.

• Soil structure refers to the aggregation of soil particles. Soil structure can be managed to 

improve water-holding capacity, porosity, infi ltration, and resistance to erosion.on, and resis

• Plants rely on the availability of water in the soil to maintain vital processes for growth and to maintain vital pr

development. There are two categories of water in the soil: gravitational and capillary.ater in the soil: gravitatio

• Soil colors give clues about the soil’s composition and site characteristics, such as possititioion and site characte

drainage and water content, mineral weathering, and biological activity.thering, a ol ical ac

• The living organisms that dwell in the earth’s soil infl uence soil properties. They are rth’s soil infl uenc il p

responsible for activities such as decomposition, carbon recycling, nutrient production, position, c

and pore formation.

• Soil provides essential chemical nutrients for plant growth and development. The for plan

optimum pH to sustain plant growth is between 5.5 and 7.0. Soil probes or augers can be bebetween 5.5 and 7.0. Soil probes or augers c

used to take soil samples for testing.

• Soil and soilless media serve as the foundation for growing fruits, vegetables, landscape s media serve as the foundation for gr fruits, vegetables, landscape 

ornamentals, cut fl owers, and bedding plants. Soil and soilless media can moderate s, cut fl owers, and bedding plants. Soil and soill dia can moderate

temperature changes and provide require nutrients needed for growth and development.rre e changes and ovide re ire nutrients needed for ro and deve

• While soil is used for growing plants in the fi eld, soilless media is used to grow plants in ll i or growing plants in the fi eld, soilless media is used to grr

a container. It is lightweight, full of nutrients, and able to hold water while allowing for hthtwewe , full of nutrients, and able to hold water whil

proper drainage.

• Mulches can be made from inorganic or organic materials, including compost. They areade from ino organic materials, includi

used to suppress weeds, retain moisture, moderate soil temperature, and amend the eeds, retain moist ee, mmododererate soil temperature, and amend the 

existing soil.

• Several types of containers can be used to grow plants, but lightweight containers that ntainers can be used to grow plantss, lighghtweight containers

are durable and have drainage holes are preferred.ve drainage holes are preferred.

• Careers related to soil science include soil scientist, erosion control specialist, and oil science include soil scientist, erosion control sppececiaia

horticultural media manufactur manufacturing.
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Words to Know
Match the key terms from the chapter to the correct defi nition.

A. adhesion

B. aeration

C. biochar

D. brown waste

E. capillary water

F. compost

G. fi eld capacity

H. geotextile

I. gravitational water

mulch material made from a plastic.

2. A type of charcoal used for agricultural purposes with high nutritional content.

3. The physical, chemical, and biological process that creates soil.

4. The process in which a plant gives off carbon dioxide and takes in oxygen.

5. Aggregates produced through the binding of sand, silt, and clay particles.

6. Small, pellet-sized material of various compositions that is added to soil to increase 

fertility.

7. An instrument used to measure the percentages of sand, silt, and clay in a sample to 

determine the soil textural class.

8. Living and dead organisms.

9. Water that is held in the soil against gravitational pull and is typically available to plants.

10. The binding of water molecules to soil particles.

11. Decomposed organic matter that may include animal manures, food wastes, and

vermicompost.

12. The process by which air is circulated, for example in soil to provide oxygen for root 

respiration.

13. The maximum amount of water that a soil can hold against the pull of gravity.

14. The material (bedrock, sediment, or organic material) that is weathered to form soil.

15. The study of soils in their natural environment.

16. The fertile, upper, outermost layer of soil.

17. A very lightweight, pea-sized (or smaller) rock that is white and comes from volcanoes.

18. The acidity or alkalinity of a soil.

19. Adding a layer of material (organic or inorganic) over the garden soil for aesthetic value,

weed suppression, soil temperature moderation, water retention, or as a platform for 

traffi c.

20. Free water that moves through the soil by the force of gravity.

 J. green waste

 K. hydrometer

 L. infi ltration

 M. mulching

 N. organic matter

 O. parent material

 P. pedology

 Q. peds

 R. perlite

 S. porosity

 T. respire

 U. saturation

 V. slow-release fertilizer

 W. soil pH

 X. topsoil

 Y. vermiculite

 Z. weathering

 1. A permeable, inorganic
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 21. Carbon-based materials, such as sawdust and cardboard, that are a common ingredient

used to create compost.

 22. The manner in which water moves through the soil.

 23. Organic materials rich in nitrogen, such as leaves, fresh manures, grass clippings, and

coffee grounds, used to create compost.

 24. A situation in which water fi lls pore spaces in soil or soilless media to the point that there 

is no room for air in the pores.

 25. The state of having space or gaps.

 26. A lightweight material made of small pieces of mica that readily absorbs water.

Know and Understand 
Answer the following questions using the information provided in this chapter.

 1. Why is soil the foundation of life?

 2. What are some agricultural and nonagricultural uses of soil?

 3. What are the four main components of soil?

 4. What fi ve factors shape the development of soil?

 5. List four physical properties of soil and briefl y describe each one.

 6. Compare the three textures of soil (sandy, clayey, loamy).

 7. Describe the Land Judging FFA career development event.

 8. How can using cover crops help improve soil structure? What other methods can be used 

to improve soil structure?

 9. Describe two types of water movement through soil.

 10. How do soil colors in wet conditions differ from those in well-drained conditions?

 11. What are three types of living organisms that are active in soil? What are four types of 

activities they help bring about?

 12. What is the key chemical reaction for making nutrients available to plants?

 13. How does soil pH infl uence plant growth? In what pH range can most horticultural

plants thrive?

 14. Why is it important to have soils tested?

 15. Describe the procedure for taking a soil sample.

 16. What are three items found on a soil test report?

 17. How is soilless media different from garden soil?

 18. What are three examples of inorganic mulches and three examples of organic mulches?

What benefi ts can mulch provide?

 19. Why is it important for plant containers to have drainage holes?

 20. Describe the activities of a soil scientist employed by the USDA Natural Resources 

Conservation Service.

 21. What areas of employment are offered at a media and mulch company?
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Thinking Critically
1. You fi nd a soil that smells rotten and is grey in color. Hypothesize whether this soil 

would be appropriate for growing blueberry bushes. Justify your reasoning.

2. The fl orist’s hydrangea (Hydrangea macrophylla) is often grown in a greenhouse in parts 

of the United States and South America. It is cultivated to be a sharp blue or pink color. 

Sometimes, fl owers are cultivated and end up a color known as “blurple” (undesirable 

shades of mauve). The color of the hydrangea is dependent upon aluminum. The 

absence of aluminum ensures pink color, and high levels of aluminum lead to a blue 

color. Growers know to maintain a pH of 6.0 for pink hydrangeas and a pH of 5.2 to 

5.5 for blue hydrangeas. What role does pH play in the availability of aluminum to 

hydrangeas?

3. A grower would like to produce a crop of cacti. What ingredients should he or she 

include in the media mix and why?

STEM and Academic Activities
1. Science. Experiment with the effect of a soilless media component (such as vermiculite, 

perlite, bark, coconut coir, or peat moss) on germination rates of plants. Create mixes 

with unique ratios or use various blends of commercially made mixes to determine 

which is best as a germination media.

2. Science. Go to the NRCS website. Find the soil survey for the site where you school is 

located. Begin discovering vital information about the soil at your site. What crops could 

be grown on the soil? What makes the soil a good or bad choice for having a school 

housed there?

3. Science. Choose a site at the school where you and other students would like to plant 

a cover crop. Determine which plant should be planted at the site based on the time of 

year and site location. As a class or individually, take a soil sample and send it to the 

area cooperative extension service agent. Once the soil report is returned, determine

what amendments need to be made to the soil for the crop that will be planted. Make the 

amendments to one half of the site and leave the other half untouched. Plant the cover 

crop and analyze growth of both sides of the site.

4. Social Science. Find a public service announcement about soil, most likely through the 

NRCS website. Read or listen to this announcement, and then create your own public 

service announcement related to soil. Write an outline of the announcement. Then make 

a video, create an audio fi le, or make a unique presentation such as a comic strip. Upload 

the fi le to a video sharing site so others can learn from the announcement.

5.  Language Arts. Use one of the Corner Quotes in this chapter to act as a springboard for 

a position paper on the importance of soil as a natural resource. Create an essay map 

and graphically organize the information. Search the Internet for the Read-Write-Think 

website for a tool that will help you organize a paper about soil.
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SAE Opportunities
 1. Improvement. Develop a soil conservation plan for 

your school.

 2. Exploratory. Job shadow a district soil conservationist 

with the NRCS.

 3. Exploratory. Visit a mulch distributor. Ask about

the types of inorganic and organic mulch that are 

available from this source. Which type of mulch does the 

distributor sell most and to what types of customers?

 4. Exploratory. Take a soil sample at your home and determine the pH. Create a list of 

plants that would be well suited for your home. Explain how you could change the 

pH to accommodate most plants.

 5. Experimental. Create a test plot and sow various cover crops to improve the soils. 

Incorporate the plants into the soil. Then plant the same crop to see which cover crop

improved the soil and its nutrition the best.

Chris Byrne/Shutterstock.com

 6. Language Arts. Contact local growers at a greenhouse, nursery, or landscape company.

Survey these people about their use of bioplastics, pressed fi ber containers, biosleeves, 

and other containers. Create a questionnaire and ask them about their experiences with 

these container products. Ask the growers about their customers and their experiences 

with these products. Summarize the information and create a data table or chart to 

express the information in a graphical manner.

Communicating about Horticulture
 1. Writing and Speaking. Interview a local soil scientist. Ask the person to describe a 

typical day at work. Prepare a list of questions similar to the following: How long 

have you been in the soil science industry? Did you go to school or did you learn as an 

intern? What is the work environment like? What are your job duties? What other types 

of professionals do you work with? Report your fi ndings to the class, giving reasons 

why you would or would not want to pursue a career similar to that of the person you 

interviewed.

 2. Reading and Speaking. After reading this chapter, you should have a good 

understanding of the different types of soil and how soil impacts plant growth. 

Determine the type of soil that you have at school through an NRCS website called Web 

Soil Survey. Create a report in which you describe how the specifi c type of soil can be 

used—for agriculture, septic systems, houses, etc. Share your fi ndings with your peers.




