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INTRODUCTION
AND POLICIES

Learning Objectives

- State the motto of University of
Idaho Extension’s I[daho Master
Gardener Program

+ Discuss the purpose of the Idaho
Master Gardener Program

Learn about the personnel

and funding that support
administration of the Idaho Master
Gardener Program

+ Review the minimum state-level
Idaho Master Gardener training
and certification policies

+ Follow relevant Idaho Master

Gardener application and
training procedures

+ Describe the scope of

responsibilities assigned to an
Idaho Master Gardener

Demonstrate an understanding
of the guidelines for working
with youth

- Demonstrate an understanding

of the guidelines for making
recommendations to clientele

+ Review county-level Idaho
Master Gardener training and
certification policies

Introduction

University of Idaho (Ul) Extension’s Idaho Master Gardener Program provides
gardeners with opportunities to improve their horticultural knowledge and skills

as well as to serve their communities. “Helping people grow” is the motto of the
program. The program is conducted through participating Ul Extension county offices
under the direction of Ul Extension educators.

Hundreds of Idaho Master Gardener volunteers give their time each year. Due to rapid
urbanization in Idaho, training Master Gardeners is a critical element of Extension
education in Idaho. Master Gardener volunteers give time and effort to provide
quality learning experiences, thereby improving the quality of life for Idaho’s citizens.
Volunteers also provide the important service of problem-solving for issues related to



gardening and landscaping. Idaho Master Gardeners
are the second-largest volunteer group with which
Ul Extension works in Idaho (4-H is the largest).

To help Idaho Master Gardeners prepare for these
roles, the Ul's College of Agricultural and Life
Sciences provides credit and certificate courses
to prospective and active Idaho Master Gardeners
across the state.

Purpose

The Idaho Master Gardener Program serves as

an educational and volunteer organization. The
program’s purpose is to provide technical assistance
and information in the area of home horticulture to
people in all Idaho communities through qualified
volunteers. Ul Extension educators and specialists,
staff, and volunteers share vision, ideas, and
responsibilities for the program. However, ultimate
responsibility for the Idaho Master Gardener Program
is with Extension educators, who are accountable for
operation of the program.

Program Administration
UNIVERSITY OF IDAHO EXTENSION

The Idaho Master Gardener Program is part of

Ul Extension, an educational resource partnership
that extends research and technology to the people
of Idaho as part of the university’s land-grant
mission. Ul Extension, in turn, is administered within
the Ul College of Agricultural and Life Sciences,
which is funded in part by the Agricultural Research
and Extension Service appropriation from the

Idaho legislature.

Ul Extension helps people help themselves by
bridging gaps between research and everyday
problems. Areas of expertise are agriculture,
community development, family and consumer
sciences, natural resources, and youth development.

All Ul Extension programs, including the Idaho Master
Gardener Program, are administered through three
Extension districts in Idaho: northern, southern,

and eastern. Many training events and volunteer
opportunities are planned at the district level in
collaboration with volunteers.

FUNDING
Ul Extension is funded through a three-way
partnership among local, state, and federal

governments. In addition, volunteers, businesses,
and private organizations contribute time, talent,
and supplies.

PERSONNEL

Idaho Master Gardener educational programs are
conducted at the county level by Ul Extension
educators. These educators are members of the
Ul faculty. Educational materials and events are
developed in cooperation with the Department of
Plant, Soil and Entomological Sciences and other
departments within the Ul College of Agricultural
and Life Sciences.

Extension educators are based in Ul Extension offices
in nearly every ldaho county and at the Fort Hall, Nez
Perce, and Coeur d’Alene Indian reservations. The ed-
ucators are supported by subject-matter specialists
and researchers, also university faculty members,
located at Ul research and Extension centers around
the state and on the Ul campus in Moscow.

Extension faculty and their support staff work with
the people of Idaho to address agricultural, natural
resource, youth, family, community, and environmen-
tal issues. Collaborative relationships with countless
agencies, groups, and individuals make possible a
vast array of innovative educational programs.

Training and Certification
Policies

Requirements for becoming a certified Idaho Master
Gardener and for maintaining certification are
detailed below. The listed requirements are minimum
statewide standards and it should be understood that
Extension educators in some counties may have more
stringent requirements for participation. This is a
prerogative of the Extension educator.

INITIAL TRAINING AND CERTIFICATION
Idaho Master Gardeners

Becoming an Idaho Master Gardener involves a
significant commitment of time and effort. Initially,
applicants must receive at least 30 hours of basic
education on a variety of topics related to plant
science, landscaping, and urban horticulture.

Individuals must receive a satisfactory grade
on exams or demonstrate competency in

the course content to the satisfaction of the
program coordinator.
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Following the basic training course, and within

a 6-month to 1-year period (timing may vary by
county, course schedule, and Extension educator
preference), an additional minimum of 30 hours of
practicum/hands-on training and directed volunteer
service must be completed. The type of hands-on
training is based on a mutual decision between the
supervising Ul Extension educator and the Idaho
Master Gardener trainee. At least part of the service
hours must be spent in or arranged through the
county Extension office.

The applicant will receive certification as an Idaho
Master Gardener upon successful completion of
the Idaho Master Gardener Program classroom
instruction, examinations, and hands-on training,
including completion of volunteer hours.

Certificates and identification badges that verify
program status and satisfactory program completion
are provided at the discretion of each responsible
county Extension educator.

Certification as an Idaho Master Gardener is valid for
1year only.

Advanced Idaho Master Gardeners

Many Idaho counties offer the opportunity to become
an Advanced Idaho Master Gardener by participating
in specific, advanced-level training. The process of
qualifying as an Advanced Idaho Master Gardener
can vary widely by county; volunteers should seek
advice from the local coordinator to determine
requirements. Certification as an Advanced Idaho
Master Gardener is valid for 1 year and continuous
recertification is required to maintain status.

CONTINUING CERTIFICATION

Idaho Master Gardeners

To maintain Idaho Master Gardener certification
in years subsequent to initial training, a volunteer
must complete a minimum 3 hours of education/
training and 7 hours of service every 12 months.
If these requirements for training and service are
not met, recertification will not be issued. See
“Time away from recertification” for policies on
becoming recertified.

Advanced Idaho Master Gardeners
Individuals may retain Advanced Idaho Master
Gardener status by completing a minimum
of 10 hours training plus 10 hours volunteer

service every 12 months. Extension educators at
some locations may require more hours or have
additional requirements.

TIME AWAY FROM RECERTIFICATION
Any person missing recertification for 1or 2

years may again become a certified Idaho Master
Gardener or Advanced Idaho Master Gardener by
completing the annual recertification requirements
without additional training or testing. Any person
who misses recertification for 3 consecutive years
must take a closed-book recertification exam and
obtain a minimum score of 70 percent. The person
may take the exam only once. If the person fails

to attain a score of at least 70 percent, he/she
must retake the 30-hour basic training course and
complete the 30 hours of hands-on training and
directed volunteer service to be certified as an Idaho
Master Gardener.

TRANSFERRING MASTER GARDENER
STATUS

From Another State

Individuals previously trained as a Master Gardener
in another state may seek to become Idaho Master
Gardeners. They must first provide a letter of
recommendation from their previous county or state
Master Gardener program coordinator. In addition,
they must schedule an entrance interview with

the Ul Extension educator or program coordinator
responsible for the Idaho Master Gardener Program
in their county. In the interview they will mutually
agree to the necessary training to be certified in the
Idaho Master Gardener Program.

From Another Idaho County

Idaho Master Gardeners who move to a new county
within the state will retain their certification but may
be required by the Extension educator in the new
location to participate in additional training before
serving a volunteer within that county.

Advanced Idaho Master Gardeners must meet the
training requirements of the new county before being
granted active status.

IDAHO MASTER GARDENER EMERITUS
Purpose

The purpose of Idaho Master Gardener emeritus
status is to recognize and keep exceptional
volunteers involved in the program. Emeritus status
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is intended to be awarded to an Idaho Master
Gardener who has given exemplary service over the
years, beyond the basic requirements to maintain
certification, but is no longer able to meet all
recertification requirements or participate fully in
the program due to time constraints or health issues.
Emeritus status may also be given posthumously

to an exceptional Idaho Master Gardener Program
volunteer.

Privileges

+ Maintains Idaho Master Gardener certification
by completing a minimum of 5 hours of hands-on
service and/or education per year

+ No longer is required to pay Idaho Master
Gardener Program class fees but may attend any
and all classes offered

- Has full use of resources in the Ul Extension
office

+ Maintains membership in local Idaho Master
Gardener associations with the payment of dues
reduced or eliminated, at the discretion of the
organization

Eligibility

+ Has served for at least 10 years as an Idaho
Master Gardener and volunteered for at least
500 hours

- Is an exemplary active participant in the local
Idaho Master Gardener Program

+ Has supervised a significant number of horticulture
community projects or taught a significant number
of horticulture classes to the general public and/or
assisted in teaching Idaho Master Gardener Pro-
gram classes

« Has been an active contributing Idaho Master
Gardener in solving horticultural problems for the
general public through Extension (for example,
through a plant diagnostic clinic)

Nomination Process

+ No more than two persons per year per county
may receive emeritus status. Emeritus status
does not have to be awarded every year, but only
as needed.

- A letter of nomination is sent to the Ul Emeritus
Committee in the county by any active Idaho

Master Gardener, Extension educator, or program
coordinator. An emeritus committee member
may also nominate an Idaho Master Gardener for
emeritus status. No emeritus committee member
may be nominated for the award during his or her
term on the committee.

+ A report summarizing all past work and hours
completed by the nominee must be turned in to,
or completed by, the emeritus committee as part
of the nomination process.

+ The decision to award emeritus status is made
by the emeritus committee in the county. The
committee will consist of an Extension educator
coordinating the Idaho Master Gardener Program
in the county and two or three active Idaho
Master Gardeners chosen by the Extension
educator. Membership on the emeritus committee
may last no more than 3 years.

TRAINING OF TRADE-RELATED
PROFESSIONALS

Industry professionals are welcome to extend or
supplement their knowledge and credentials through
Ul classes and certification programs, including

the Idaho Master Gardener Program. However,
professionals must recognize that the Master
Gardener course is specifically designed to train
active volunteers. If a trade professional knows up
front that providing volunteer service is not feasible,
reimbursement for training and materials or in-kind
support of the program will need to be negotiated
with an Extension educator.

Also, because this is a volunteer training program,
the supervising Extension educator may rightfully
accept only a limited number of trade applicants in
any one training session.

Upon completion of the course, trade applicants
should exercise proper business ethics by not
utilizing their Idaho Master Gardener status to
directly enhance their business opportunities.

Additionally, it is considered inappropriate to solicit
for personal or business purposes at or during Ul
Extension volunteer meetings, training sessions, or
other functions.
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Application and Training
Procedures

APPLICATION AND VOLUNTEER
POSITION DESCRIPTION

Before beginning training, each applicant must com-
plete and sign an Idaho Master Gardener Program
application and an opportunity contract (included

at the end of this chapter). Before taking part in any
volunteer service, either as a trainee or as a certified
Idaho Master Gardener, each individual must also
read and sign an ldaho Master Gardener Program
authorized volunteer position description (included

at the end of this chapter). The position description
outlines the requirements of the volunteer position
and the methods of supervision. The position descrip-
tion is also required to activate Ul liability insurance
for the volunteer. Position descriptions will be kept on
file in the county Extension office.

FEES

Fees vary from county to county based on the needs
of the local program. Fees may be used to cover

the cost of the Idaho Master Gardener Program
Handbook, materials and resources for the classes,
lab supplies, tours, and field trips.

TRAINING DATES AND LOCATIONS
Contact your local Ul Extension office for specific
times, dates, and locations for Idaho Master Gardener
training. In most counties training begins in January
and ends in April or May. However, some counties
offer summer or fall courses.

MASTER GARDENER TRAINING
OUTSIDE THE COUNTY OF RESIDENCE
In any given year, Master Gardener training is
offered in approximately 20 of the 44 Idaho counties.
Many Extension educators serve multiple counties,
including those that do not maintain Master Gardener
volunteer programs. In the case of multicounty
programs, Idaho Master Gardeners may be required
to perform at least part of their volunteer service

in the county wherein they were initially trained.

The volunteer may discuss arrangements, prior

to submitting an application for training, to serve
partly or wholly in the county where they reside. It

is important to recognize that each county program
is unique and has different resources available

to implement the Master Gardener program, and
volunteer situations may not always be ideal.

COLLEGE CREDIT

Applicants accepted into the Idaho Master Gardener
Program may, for an additional fee, obtain college
credit from the Ul College of Agricultural and Life
Sciences. Up to three credits can be earned. Extra
classwork and/or practicum work may be required for
a satisfactory grade. Contact your local Ul Extension
office for more information about this opportunity.

Additional Program Policies
VOLUNTEER ACTIVITY RECORD

Ul Extension requires an accounting of volunteer
hours and tasks for all Idaho Master Gardeners and
trainees. An activity log provides legal protection

for the volunteer while in the course of service. It
also allows the local coordinator to provide credit
for volunteer service and measure the effectiveness
of the program. Use the Volunteer Activity Record
(available at the end of this chapter) to keep track of
your volunteer hours, activities, and contacts. “Hours
Earned” is the total number of hours a volunteer has
spent on Idaho Master Gardener activities. “Contacts”
refers to the number of people the volunteer assists.

IMPACT AND ACCOUNTABILITY

Master Gardeners plan and implement numerous
countywide community projects. It is very important
that they document the inputs, outputs, and
outcomes of their projects, tasks, and assignments.
Accountability should be one of the important
factors in all phases of communication, planning,
implementation, and evaluation of their projects.

REIMBURSEMENT FOR EXPENSES
Idaho Master Gardeners share their knowledge
free of charge with individuals, groups, schools
or in community service roles but may accept
reimbursement for mileage and materials.

LIABILITY COVERAGE

For Trainees

Only authorized volunteers are entitled to the
protection of the Ul’s liability coverage program. As
arule, during the required 30 hours of coursework,
a Master Gardener trainee is not an authorized
volunteer and therefore not covered by the
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university’s liability insurance program. Prior to
beginning coursework, applicants must read and
sign an acknowledgment of risk and waiver of
liability, which will be made available by their county
Extension Master Gardener Coordinator. If a trainee
desires to participate in authorized volunteer service
before the completion of coursework, he or she
must get the approval of the appropriate Extension
educator and fill out an Idaho Master Gardener
Program authorized volunteer position description.

For Authorized Volunteers

Prior to starting the 30 hours of hands-on

training necessary for certification as an Idaho
Master Gardener, each trainee’s Master Gardener
Coordinator must confirm that the trainee has been
enrolled as an authorized volunteer. It should be
recognized that becoming an authorized volunteer is
not the same as becoming a certified Idaho Master
Gardener. Authorized volunteers are persons who
have been directed and given permission, in writing,
to perform a specific function by a Ul employee with
the authority to recruit assistance. The volunteer is
then protected while acting within the scope and
course of this authorized volunteer service.

The liability coverage program will respond to a
claim against a volunteer if the university is able

to document that the person was an authorized
volunteer acting within the scope and course of the
requested service and during the time they were
volunteering. Documentation for an authorized
volunteer should include the following:

1. A completed authorized volunteer position
description on file. The position description
needs to specifically state the duties for which
the volunteer is responsible. Each trainee’s
Master Gardener Coordinator must confirm
that the trainee has been enrolled as an
authorized volunteer.

2. A log of the volunteer’s hours, based on the
volunteer activity record that is maintained by a
university employee at the local county office.

WORKERS’ COMPENSATION COVERAGE
University of Idaho is self-insured for Worker’s
Compensation. Authorized volunteers, such as Idaho
Master Gardeners, may be eligible for worker’s
compensation coverage, which is decided on a case-

by-case basis by claims adjusters. To present a claim,
it is vital that the university have on file a completed
authorized volunteer position description and an
up-to-date volunteer activity record. The claim
adjudicator will want to establish that the volunteer’s
duties were authorized, that he or she was working
within the established course and scope of his or her
duties, and that he or she was “on the job” at the time
of the potential workers’ compensation incident.

VEHICLE COVERAGE

When an authorized volunteer uses a privately
owned vehicle for official university business, the
privately owned vehicle’s liability and physical
damage insurance is primary and the Ul’s liability
insurance is secondary, up to the limits of the Idaho
Tort Claims Act. Individuals should check with

their own insurance agent to determine coverage
on their privately owned vehicle when used for
business purposes.

To become a qualified driver of a university
vehicle, Master Gardeners must follow the
university procedures for Vehicle Use and
Coverage, Administrative Procedures Manual
05.08. Requirements include but are not limited to:
drivers record check showing satisfactory driving
performance, signing the Vehicle Use Agreement,
and taking the Defensive Driving Course.

WORKING WITH YOUTH

Idaho Master Gardener volunteers may have
opportunities to work with youth in school programs
or in 4-H or other youth organizations. In order

to work with youth, all Ul Extension volunteers,
including Idaho Master Gardeners, must first
comply with the Ul standards for Protection of
Minors, including, but not limited to, background
checks, interviews, reference checks, training and
signing the Protection of Minors Code of Conduct.
Until a volunteer has successfully completed the
screening process, he or she should do no volunteer
activities that involve working with youth unless a
person authorized to supervise youth is present. For
example, a volunteer may teach youth in a public
school if the teacher of the class is present. Even if
a volunteer is authorized to work with youth, it is still
advisable that a second adult be present.
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CIVIL RIGHTS AND DIVERSITY

The Ul has the following nondiscrimination policy:

“The University of Idaho has a policy of
nondiscrimination on the basis of race, color,
religion, national origin, sex, sexual orientation,
gender identity/expression, age, disability or status
as a Vietnam-era veteran. This policy applies to all
programs, services, and facilities, and includes, but
is not limited to, applications, admissions, access to
programs and services, and employment.”

In addition, discrimination is prohibited across

the nationwide Cooperative Extension System in
programs and with respect to individuals, audiences,
groups, and organizations.

Idaho Master Gardeners, as representatives

of Ul Extension, are bound by this same policy.
Idaho Master Gardener volunteers must make
every effort to avoid discrimination in the form of
either commission (purposefully excluding groups
or individuals) or omission (adopting practices that
inadvertently give preference) within the scope of
their volunteer service. As a routine practice, Idaho
Master Gardener volunteers should find creative
ways to include underserved audiences.

MAKING RECOMMENDATIONS —
PROVIDING ACCURATE INFORMATION
Whether through phone calls, home visits, plant
clinics, presentations, newsletters, e-mails, websites,
or other efforts, the information provided by Idaho
Master Gardener volunteers must be unbiased

and research-based. It must be accurate, current,
and, when possible, taken from Ul publications and
research. Our mandated focus and emphasis is to
extend to the people of Idaho the information being
developed at the Ul or other land-grant universities.

Idaho Master Gardener volunteers should use tact
when advising clients. Your responsibility as a
representative of the Ul is to be an objective source
of information rather than a subjective proponent for
a particular approach.

It often is necessary to locate and interpret printed
and online references to answer a client’s question.
Look first to resources from Ul Extension or from
Extension services of universities in neighboring
states as well as to authoritative reference texts or
research papers written by university experts. These
sources have passed through a rigorous review

process for technical accuracy so can be used
with confidence.

Ul publications can be obtained at the local

Ul Extension office; by writing to Extension
Publishing, University of Idaho, 875 Perimeter
Drive MS 2332, Moscow, ID 83844-2332; by calling
(208) 885-7982; by faxing (208) 885-4648; or by
e-mailing calspubs@uidaho.edu. Many publications
are available to download from
http://www.uidaho.edu/extension/publications.

As an Ildaho Master Gardener, you may make recom-
mendations about home horticulture, home vegetable
and home fruit culture, ornamentals, turf, and tree
and landscape care. Do not make recommendations
in areas within which you lack knowledge or expe-
rience. Refer questions related to the commercial
nursery industry or commercial farm crops to the Ul
Extension educator in your county or to the appropri-
ate Ul Extension specialist.

MAKING PEST MANAGEMENT
RECOMMENDATIONS

When appropriate, provide clients with
recommendations about pesticides and alternatives
to pesticides so they can choose the best option for
themselves. Often there is more than one solution
to a pest problem; sometimes there is no simple
solution. Pest problems not specifically covered

by Ul recommendations and that do not involve
pesticide applications may be handled by suggesting
treatments that an experienced Idaho Master
Gardener considers appropriate.

Scope of Responsibilities

Idaho Master Gardeners are authorized to make
pesticide recommendations only for yard and garden
pests, including pests of indoor houseplants.

+ Do not advise homeowners with questions about
other household pest control, such as pantry in-
sects, structural pests, or crawling invading insects.

« Never advise anyone about pesticides for
any commercial agricultural, horticultural, or
landscape planting; this restriction includes,
but is not limited to, commercial field and row
crops, landscape nurseries, forest lands, and
public recreation sites. State law requires that
people making pesticide recommendations for
commercial operations be certified and licensed
as a pesticide applicator by the State of Idaho.
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« Do not answer questions about pesticide
liability issues. Direct all such questions to
the Ul Extension educator for further referral
and action.

+ Do not make pesticide recommendations to
clients on behalf of the Ul until you have satisfied
each of the following three steps:

1. Successfully completed Idaho Master
Gardener Program training.

2. Successfully completed an additional
training module specific to pesticides.

3. Signed and filed the Pest Management
Agreement form (located at the end of this
chapter).

Master Gardener coordinators will ensure that

all Idaho Master Gardeners working under their
supervision complete steps 1 through 3 above,
keeping the signed Pest Management Agreement
form on file as a permanent record.

Recommending Registered Pesticides
When making pesticide recommendations as an
Idaho Master Gardener, both you personally and the
Ul will be protected from potential liability issues if
you satisfy these two conditions:

1.  You recommend a pesticide legally registered
and labeled for use in the yard or garden (or for
indoor houseplants). The specific plant or site for
application must be listed on the label. It violates
federal and state law to apply a pesticide to a
plant or site not listed on the label.

2. The advice you give about how to use the pesti-
cide is exactly as the pesticide label requires.

Be careful to note the directions for use, including
application rates, timing, and frequency; preharvest
and reentry waiting periods; personal protective
equipment; and product and container disposal. As a
general practice, the specific target pest also should
be listed on the label, but this is not required by
state and federal law.

Federal pesticide law? allows these three exceptions
about using pesticides in ways not stated on the
label:

1. Itislegal to apply less than the rate stated on the
label (for example, the label advises 11b, so it is
legal to apply less than 1 lb).

2. ltislegal to apply less frequently than stated
on label (for example, the label says apply every
7 days, so it is legal to apply every 8th or 9th
day or longer period, as long as the preharvest
interval is followed).

3. ltislegal to apply a pesticide for a pest not listed
on the label as long as the plant or application site
is listed on the label (for example, the label says
the product can be used for beetles on cabbage, so
it is legal to apply for caterpillars on cabbage even
though the label does not mention caterpillars).

Idaho Master Gardeners may recommend any of
these three exceptions but first must confer with the
Ul Extension educator or a Ul Extension specialist

to ensure the advice is technically sound. This
requirement to confer with a Ul expert is especially
true when recommending pesticides for pests not
cited on the label; your specific pest deliberately
may have been excluded from the label because the
product does not work against that species. So while
these three exceptions are permitted, in general the
best practice is to not deviate in any way from label
directions. You never will make a mistake if your
recommendation exactly agrees with the label.

As an Idaho Master Gardener volunteer, you should
make good-faith pesticide recommendations that
are based on information directly from the pesticide
label or already recommended by Ul research

and Extension faculty or their peers at other
regional universities, especially those in the Pacific
Northwest and Intermountain West. Faculty expert
recommendations appear in the annually updated,
three-volume Pacific Northwest pest management
handbooks as well as in Current Information Series
publications and bulletins published by Ul Extension.

'|daho State law, Title 22, Chapter 34 (pesticide law) specifically states:

No person shall:

(1) Use a pesticide in a manner inconsistent with its labeling except as provided for by rule.
(2) Make pesticide recommendations in a manner inconsistent with its labeling except as provided for by rule.
(3) Make false or misleading claims through any media relating to the effect of pesticides or application methods to be utilized.

2 Federal Insecticide Fungicide Rodenticide Act section 2ee (FIFRA 2ee).
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It is always a good practice to inform every client that
the actual pesticide label always takes precedence
over any oral or written recommendation.

Do not endorse any particular pesticide brand name,
business, or service. Your mission as a representative
of Ul Extension is to be an objective source of infor-
mation and knowledge that is not biased in any way.
For example, rather than recommend a homeowner
use Roundup weed killer, you instead would advise
use of products containing the active ingredient gly-
phosate and then give commercial trade names (like
Roundup, KleenUp, Eliminator Weed and Grass Killer)
of locally available products. This approach does not
imply endorsement.

Recommending Household Chemicals,
Homemade Pesticides, and Related Tactics
Home chemicals. Never recommend any household
cleaning product or other home chemical for pest
control unless the product label specifically states
it can be used to control or repel pests on your exact
application site against your particular target pest.
Only recommend pesticides specifically tested

and approved by the Idaho State Department of
Agriculture and/or the US Environmental Protection
Agency for your particular pest situation.

Homemade pesticides. Never recommend any recipe
for homemade pesticides, regardless of how low

risk it might seem or the presumed authoritative
knowledge of the reference. You might unwittingly
recommend a compound that physiologically
damages the plant rather than protect it from pests,
or, even worse, the homemade mixture might pose a
real health risk to the homeowner, pets, or wildlife.

Homemade devices. You may recommend use of
homemade physical and mechanical devices such as
sticky boards that trap aphids or slug traps baited
with beer. Devices and related physical control ac-
tions, such as using a garden hose to forcefully spray
off aphids from sturdy landscape plants or killing
weeds with steaming-hot water, are not considered
pesticides by state and federal law and so are not
subject to the Idaho Master Gardener Program
pesticide policy. But, as always, base your advice on
trusted, research-documented reference materials
as supplemented by the knowledge and observations
of an experienced Idaho Master Gardener.

MAKING FERTILIZER
RECOMMENDATIONS

Fertilizer recommendations do not require state cer-
tification or licensing. When making fertilizer recom-
mendations, use Ul recommendations or those on the
label of the product being used. Cultural problems
not specifically covered by Ul recommendations and
that do not involve pesticide applications may be han-
dled by suggesting treatments that an experienced
Idaho Master Gardener considers appropriate.

USE OF TITLE AND LOGO

The title Idaho Master Gardenermv and derivatives
thereof are trademarked to the Ul and are to be used
only and exclusively in association with Ul Extension’s
Idaho Master Gardener Program and not for commer-
cial purposes. Idaho Master Gardeners should not
display credentials or use their title to advance their
business interests or a personal agenda. Persons are
expected to identify themselves as participants in the
Idaho Master Gardener Program only when perform-
ing volunteer work affiliated with the program. The
training, experience, and certification gained in the
Idaho Master Gardener Program may be used and
listed as qualifications when seeking employment.

Additionally, the Idaho Master Gardener Program
logo, letterhead, and other brand elements must not
be used for advertising or any other purpose outside
the activities of the program. All volunteers are
expected to help maintain the integrity of the Idaho
Master Gardener Program.

IDAHO MASTER GARDENER
ASSOCIATIONS

Membership and Supervision

Idaho Master Gardener associations are county-based
associations formed at the discretion of the Ul Exten-
sion educator. People who are certified Idaho Master
Gardeners may belong to a county-based Idaho Mas-
ter Gardener association. Operation of the association
is under the direct supervision of a Ul Extension edu-
cator or Idaho Master Gardener Program coordinator.

Purpose
Following are the purposes of a county Idaho Master
Gardener association:

+ Enhance the overall benefits of the Idaho Master
Gardener Program in local communities
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« Provide ongoing education to help people
maintain their Idaho Master Gardener
certification

+ Develop educational programs to be delivered to
citizens in the county to supplement the Ul home
horticulture program

- Provide camaraderie for individuals with similar
interests and purposes

Association Income, Bank Accounts

There may be a need to have a source of income to
enhance the educational efforts of the Idaho Master
Gardener association. The association may charge

dues if so desired and/or raise money by other means

such as plant sales. Money may be held in a local
county Ul Extension office account if allowed by the
county or be deposited in a separate bank account
with a unique taxpayer identification number. No
money shall be held in the name of an individual (see
County Operations Handbook, section B-3, for com-
plete information on proper money-handling pro-
cedures). [daho Master Gardener associations with
501(c)(3) status are still accountable to the Ul, as the

association funds are generated while individuals are

volunteering under the supervision of the university.

Unaffiliated Associations

People who are currently certified as Idaho Master
Gardeners or who have been certified are not
prohibited from forming associations that are
separate from the Ul, but these associations will
not be recognized by the Ul and their members
are prohibited from conducting educational
programs under the auspices of the Idaho Master
Gardener Program or the Ul and must not refer to
the independent association as an Idaho Master
Gardener association. Furthermore, if such an
association is formed, members must not use the
title Idaho Master Gardener or derivatives thereof.
If an association organized under the guidance of
the university later separates from it, all funds in an

account at the time of separation belong to the U of I.

Role of Ul Extension Educator in Idaho
Master Gardener Associations

A Ul Extension educator is responsible for the
Idaho Master Gardener Program within an assigned
county or area and for the operation and function
of its Idaho Master Gardener association. Duties

of a Ul Extension educator working with its county

association include the following:

+ Coordinate an Idaho Master Gardener volunteer
training program to certify volunteers

« Preapprove all volunteer projects for
noncertified volunteers who have completed
the coursework and are seeking Idaho Master
Gardener certification. A Ul Extension educator
will approve only those volunteer projects
that contain an element of education for the
recipients; the information presented must be
from the Ul, another university, or some other
reliable research-based source.

+ Assist certified I[daho Master Gardeners to
develop projects, if needed

 Projects such as workshops, short courses, com-
munity gardens, etc., developed by certified Idaho
Master Gardeners need to be preapproved by the
Extension educator; however, a simple request for
an educational presentation by a group does not
need preapproval (for example, a request by a local
garden club for a presentation on pruning roses).
Projects must contain an element of education for
the recipients, and the information presented must
be from the Ul, another university, or some other
reliable research-based source.

« Approve or provide additional training needed
by volunteers to maintain their Idaho Master
Gardener certification

+ Meet with association members on a regular
basis

+ Assist Idaho Master Gardener volunteers to
develop educational projects that are beneficial
to the citizens of their county

Responsibilities of Idaho Master Gardener

Association Members

An ldaho Master Gardener association will be more
successful if all members take an active role.

Just as a Ul Extension educator has a responsibility
to the association, its members should assume the
following responsibilities:

+ Help develop and deliver educational programs
for citizens in the county to supplement the Idaho
Master Gardener and home horticulture programs

+ Assist in developing and delivering educational
programs for members of the association
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+ Work to enhance the overall benefits of the Idaho
Master Gardener Program to all citizens in the
county

+ Mentor individuals seeking to become Idaho
Master Gardeners

« Work cooperatively with the Ul Extension
educator or program coordinator

+ Be certain that all volunteer projects counting
toward Idaho Master Gardener recertification
contain an element of education for the
recipients and that the information presented
is from the Ul, another university, or some other
reliable research-based source

+ Follow U of | nondiscrimination policies

Being an Idaho Master
Gardener Volunteer

VOLUNTEER SERVICE OPPORTUNITIES
Idaho Master Gardeners assist in many areas of

the community through demonstration gardens,
horticulture classes, information booths, and Ul
Extension offices. Below is a list of some service
opportunities in which Idaho Master Gardeners may
be involved.

+ Presenting educational programs/demonstrations

on gardening to adults

+ Helping at gardening education events:
workshops, clinics, trade shows

+ Presenting gardening classes to school youth

+ Working at 4-H plant science events or training
sessions

- Staffing information booths at fairs, field days,
and horticultural education events

+ Helping teach Idaho Master Gardener classes

+ Reading gardening articles and summarizing
them for Idaho Master Gardeners and Extension
educators

+ Writing newsletters and information sheets on
gardening

+ Maintaining a website for the county’s Idaho
Master Gardener Program

« Organizing ldaho Master Gardener plant clinics

+ Making garden or landscape site visits

- Organizing community service projects related
to gardening, including landscape design and
maintenance

+ Organizing an ldaho Master Gardener mentoring
program for the county

+ Answering garden calls at home or at the
county’s Ul Extension office

VOLUNTEER SERVICE GUIDELINES

Idaho Master Gardeners represent the U of I.
Accurate and quality work is expected.

These guidelines are basic for any professional,
whether volunteer or paid:

+ Be punctual, trustworthy, and reliable.
Follow through with your commitments and
responsibilities. Call if you will be delayed or
cannot be there.

+ Maintain a friendly, warm, courteous attitude
toward the public.

- Communicate effectively with clients, staff,
fellow volunteers, and Ul faculty members. Be a
capable and positive team member.

+ Freely cooperate with the volunteers of other
Ul Extension volunteer programs. We are all on
the same team.

« Learn as much as possible about your volunteer
assignment and take the time to ask appropriate
questions before beginning a task.

« Accuracy is important and greatly appreciated.

+ Dress appropriately for the volunteer activity
in which you are involved, paying particular
attention to safety.

+ Make childcare arrangements for the time you
have committed to work as a volunteer. In some
cases, it is not appropriate for safety or security
reasons to bring children to certain events or
activities.

+ Follow Ul Extension affirmative action policies,
which forbid discrimination against anyone
because of their race, color, gender, national
origin, religion, age, sexual orientation, or
disability.

+ Enjoy your volunteer time. Volunteering is
rewarding and satisfying.
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TERMINATION OF VOLUNTEER
SERVICES

As an Idaho Master Gardener volunteer, you are a
representative of Ul Extension and as such have
agreed to abide by its policies and expectations. If
your behavior is not acceptable or not in the best
interests of Ul Extension, the volunteer program, or
our clientele, you may be reprimanded or asked to
leave the program.

The following behaviors observed at or on the
premises of any program or function, or while you
are acting as a Ul Extension volunteer, will not be
tolerated:

« Criminal acts
« Profanity

+ lllegal or inappropriate use of mind-altering
substances (alcohol or drugs)

+ Harassment
» Discrimination
+ Abuse of any kind toward a fellow human

The above actions may constitute cause for
disciplinary action or immediate dismissal.

VOLUNTEER BENEFITS

As an I[daho Master Gardener volunteer, you have
many benefits. One major benefit is becoming part
of a national volunteer network. You are part of the
Ul Extension network and have access to all of the
information resources of that system. As a volunteer
you will have the satisfaction of being a valuable
resource to others.

Networking is another benefit that includes your
fellow Idaho Master Gardeners and the faculty

and staff of research facilities belonging to the UL.
Tours of plant science facilities on campus and at
any of the research and Extension centers can be
arranged. This networking benefit also extends to
other volunteers such as 4-H leaders or food-safety
advisors. Another benefit is reduced prices or free
admittance to seminars, classes, and workshops that
need volunteer help.

Idaho Master Gardener volunteers benefit by
increasing their leadership, organizational, decision-
making, and problem-solving skills. As a testimony
to the positive benefits of Master Gardener service,

experienced volunteers report that they have made
lasting friendships, increased their public relations
skills, become more effective at work or home, and
been well prepared for new employment or other
volunteer opportunities.

Ul Extension educators and staff benefit from
association with Idaho Master Gardener volunteers
by acquiring fresh, new ideas, acquiring an increased
understanding of their community and clientele,

and gaining the ability to reach a vastly increased
audience. Given limited Ul Extension resources and
the increasingly urban population of the state, this
last benefit is very important.

Every two years there is an international Master
Gardener conference. You are eligible to join

the national and international Master Gardener
organizations as a certified ldaho Master Gardener. In
most even years a western regional Master Gardener
conference is held, which is a source of great ideas
to bring back to your communities. A regional Idaho
Master Gardener conference is held each year in one
of the three regions of the state (northern, southern,
and eastern). Take advantage of these opportunities
and ask at your Ul Extension office for conference
information.

Last but not least, there are certain tax benefits to
volunteers who itemize state and federal income
tax returns. Since these may change annually, you
will need to update which kinds of expenses are
deductible and which are not. Consult your tax
accountant for allowable deductions.

IMPORTANCE OF VOLUNTEERS

Each volunteer is vital to the success of our program,
no matter what kind of volunteer work they do. There
is no such thing as a small or unimportant job. Each
individual brings skills that are unique and special,
that really add to the educational effort. Each Idaho
Master Gardener is a valuable part of our team.

Each year counties try to recognize the special
things volunteers have done or accomplished in
service to their communities. By itself, the Idaho
Master Gardener name badge is recognition of your
educational accomplishment. Wear it with pride.

You are important to us!
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

AUTHORIZED VOLUNTEER POSITION DESCRIPTION

PURPOSE OF THE IDAHO MASTER GARDENER PROGRAM

To extend horticultural education through trained and certified volunteers.

BRIEF DESCRIPTION OF MASTER GARDENER VOLUNTEER RESPONSIBILITIES
Volunteers are to provide education and assistance to ldaho residents in topic areas related to home horticulture.
Activities may include, but are not limited to, answering questions in person and over the telephone about
vegetable gardening, fruit trees, ornamentals, lawns, insects, and other related topics; assisting with public
horticulture projects; assisting in the preparation of home horticulture classes; and organizing special seminars
and conferences for homeowners and other Master Gardeners.

REQUIREMENTS FOR VOLUNTEER SERVICE

Have an interest and/or knowledge or skills in basic gardening, ornamental horticulture, or general plant-related topics.
+ Be able to communicate effectively with the public.
- Have completed or be enrolled in beginning Master Gardener classroom training (a minimum of 30 hours).

+ Read and agree to the terms of the Idaho Master Gardener Program authorized volunteer position description and
complete and sign the opportunity contract.

+ Have completed or be enrolled in additional hands-on practicum training and volunteer service (a minimum of 30 hours)
during the initial training to become a certified Idaho Master Gardener under the direction of a Ul Extension educator.

+ Beresponsible to the Extension educator in charge of the Idaho Master Gardener Program. All outside projects must
be preapproved, except that a simple request for delivery of an educational presentation by an Idaho Master Gardener
to a group does not need preapproval. Outside projects must contain an element of education and follow all University
of Idaho guidelines using information from the University of Idaho, another university, or some other reliable research-
based source.

+ Adhere to University of Idaho horticulture recommendations and cooperate with the county Extension staff.

+ Bein the process to complete, or have completed, all statewide and local requirements for certification as an Idaho
Master Gardener.

+ Follow University of Idaho nondiscrimination policies.

- If required to operate a University of Idaho vehicle as part of volunteer duties, be trained as a qualified driver.

SUPERVISION OF VOLUNTEERS
+ The University of Idaho Extension educator in charge of the Master Gardener program provides supervision and
educational support to the volunteer Master Gardener.

+ The Extension educator will assign, review, and assess hands-on practicum work for the Master Gardener trainee.

+ The Extension educator will review and assess volunteer projects for certified Idaho Master Gardener and Advanced
Idaho Master Gardener volunteers.

+ The Extension educator will provide in-service training and furnish space and other needed support materials when the
Master Gardener volunteer works in the Extension office.

Signed: Idaho Master Gardener Volunteer Date

Signed: Idaho Master Gardener Supervisor Date
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

APPLICATION

I would like to be considered for University of Idaho Extension’s Idaho Master Gardener Program. | understand
that, if accepted, | am required to complete a minimum of 60 hours of training (30 hours of basic education and
30 hours of hands-on training and directed volunteer service). The hands-on training must be completed within
6 months to 1 year of completing the classroom portion of the course (dependent on local county policy), unless
prior arrangements are made with the Ul Extension educator in charge.

All applicants should consider the expectations of Idaho Master Gardener service. Following certification,

all Idaho Master Gardeners are committed to provide volunteer service for as long as they remain certified.
Participants who are unable to participate in volunteer service after becoming certified should not sign up for the
Idaho Master Gardener Program.

Name (please print)

Address Zip Code
Phone (day) Phone (evening)
Signature Date

How did you learn about the Idaho Master Gardener Program?

How many years of gardening experience do you have? Where have you gardened before moving here?

Have you ever been in a Master Gardener program in Idaho or another state? If yes, indicate where and year(s).

[0 No [ Yes Where: Years:

Please list all horticultural education you have received (school, topics, and dates, if possible).

Please list your areas of specilization or interest (vegetables, roses, greenhouse, herbs, etc.)

Are you affiliated with any gardening clubs or horticulture-related groups? If so, please list.

Why do you wish to be an Idaho Master Gardener?
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

APPLICATION —PAGE 2

What do you expect from this class?

How might you use your volunteer time to help others in the community?

How would you rate your “people skills” (ability to work with others)?

] Excellent ] Good ] Fair

How would you rate your gardening skills?

(] Expert (] Intermediate [] Beginner

Are you knowledgeable in growing any of the following? Please check all that apply.

[] House plants (] Herbs ] Turf

[] Vegetables [J Annual flowers (] Shrubs

L] Tree fruits [] Perennial flowers [] Ground covers
[] Berries [] Ornamental trees [] Other (specify)

How do you receive gardening information? Please check all that apply.

[] Garden magazines [ Nursery/garden center personnel [] Family/friends/neighbors

[] Newspaper articles [ University/college professors [] Garden clubs
[] Extension bulletins [] Extension office staff [] Master Gardeners at Extension office
[] TV/cable stations [ Radio stations ] Internet

Are you employed now? [] No [] Yes ] Full-time [] Part-time

Areyouretired? [JNo [ Yes Semi-retired? [INo []Yes
Do you speak a language other than English? [JNo []Yes (language)

If certified as an Idaho Master Gardener, do you give permission to Ul Extension to publish your picture without
additional permission and with or without accompanying personal identification (your name)?

[JNo [JYes

Check the skills you are good at.
[ Public speaking L] Artistic [] Computing/web design [] Marketing
(] Writing (1 Manual Labor ] Typing, filing [] Social media
[] Other (specify)

] 'would like to take this class for academic credit (an additional fee applies)

RETURN THIS FORM TO THE UNIVERSITY OF IDAHO EXTENSION OFFICE IN YOUR COUNTY.

At the University of Idaho we respect your right to privacy and we understand that participants need to be in control of their personal information. “Personal informa-
tion” includes, but is not limited to, name, address, telephone number and e-mail address. The University of Idaho does not sell, rent, swap or otherwise disclose any
of this information other than for the sole purpose of Civil Rights reporting.
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

OPPORTUNITY CONTRACT

| wish to become an Idaho Master Gardener. | understand | must complete the classroom instruction, finish all
quizzes and exams, complete all lab work, and complete volunteer hands-on training to become certified. | realize
that part of my hands-on training hours must be spent at, or arranged through, the Ul Extension office where |
complete my training. | also understand that | can sign up for more than one hands-on project and volunteer more
than the required number of hours.

If | am accepted into the Idaho Master Gardener training program and/or become certified as an Idaho Master
Gardener, | will abide by all regulations and policies of University of Idaho Extension.

As a certified Idaho Master Gardener, | agree to provide University of Idaho pest control recommendations even if they include
synthetic chemical pesticides. | also agree to become, or work under, a person licensed as an Idaho pesticide applicator.

| understand that as an Idaho Master Gardener, | am considered a volunteer representative of the University of
Idaho. Therefore, the University of Idaho will assume liability for my pest control recommendations, but only if my
recommendations are in accordance with the University of Idaho pesticide policies found in chapter 1 of the Idaho
Master Gardener Program Handbook.

Name (please print)

Address Zip Code
Phone (day) Phone (evening)
Signature Date

All certified Idaho Master Gardeners are required to provide volunteer service. One important function is to assist the local
county Ul Extension educator in the office, answering horticulture-related inquiries in the spring and summer. Time commit-
ments vary by county. Indicate the days and months that are convenient for you. You will be contacted for specific dates.

MONTH MONDAY TUESDAY WEDNESDAY | THURSDAY FRIDAY SAT/SUN

APRIL

MAY

JUNE

JULY
AUGUST
SEPTEMBER

OCTOBER

[] My schedule is flexible. | can be available almost anytime with advance notice. (continued)
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

OPPORTUNITY CONTRACT —PAGE 2

Do you speak a language other than English? []No [ Yes (language)

SELECT SEVERAL PROJECT AREAS OF INTEREST TO YOU.

Plant Clinic Speaker’s Bureau
[J Plant clinic (identifying plant problems) [] Speaker/presenter (topic)
Garden Projects
[] City beautificaion [] For youth groups only
[] 4-H/youth garden projects [] For adult groups only
[] Weed/insect collection [ ] Audience makeup is not crucial
[] Demonstration garden Special Events
[ Senior citizen garden project [] Information booths
Support Activities [] Fundraising events
] Artwork, calligraphy [] Garden tours
] Photo album, photography Office Assistance
Communications/Writing [] Filing/organizing paperwork
[] Garden newsletter articles [] Typing, mailing, stapling, collating
[] Newspaper articles [] Telephone answering
(] Publicity for Idaho Master Gardener Program Other
Landscape Design/Maintenance [] Special project (topic)

[] Extension office landscape

[] Other landscapes (must be approve by the
Master Gardener coordinator)

RETURN THIS FORM TO THE UNIVERSITY OF IDAHO EXTENSION OFFICE IN YOUR COUNTY.
At the University of Idaho we respect your right to privacy and we understand that participants need to be in control of their personal information. “Personal

information” includes, but is not limited to, name, address, telephone number and e-mail address. The University of Idaho does not sell, rent, swap or otherwise
disclose any of this information other than for the sole purpose of Civil Rights reporting.
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

VOLUNTEER ACTIVITY RECORD

Name (please print) Date

For program year Ending

Please complete this volunteer activity record each year of volunteer service and turn it in to your University of
Idaho Extension office as directed by your program coordinator or Extension educator. Please record specific
accomplishments that you are most proud of on the back of this sheet. Let us know what you have done for your
community!

If you need help filling out this form, please ask.

WHAT YOU DID AND WHEN NUMBER OF CONTACTS MADE

DATE SUMMARY OF ACTIVITY HOURS EARNED MALE FEMALE ADULT YOUTH A B H N W HC

Codes: A=Asian B=Black H=Hispanic N=Native American W=Caucasian HC=Handicapped
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

TAX RECORDS FOR VOLUNTEER SERVICE

Directions for claiming deductions: List the amount you claim as a deduction in Schedule A under “Contributions”
(other than cash). This statement certifies that you have performed volunteer service. File this statement with
your records. You should also keep a record of when and where your service was performed. Keep a record of
mileage (read tax instructions to determine how many cents per mile are allowed). You may also list supplies you
purchased and used within the Idaho Master Gardener Program. Keep this information with your records to verify
your deductions in case your tax return is audited. Consult a tax accountant for advice as needed.

THIS CERTIFIES RECOGNITION OF VOLUNTEER
SERVICE PERFORMED WITHIN THE UNIVERSITY OF
IDAHO’S IDAHO MASTER GARDENER PROGRAM.

Idaho Master Gardeners receive training from University of Idaho
Extension educators in solving and giving advice on yard, garden, and

I houseplant problems. Volunteer service within this program is performed
by Idaho Master Gardeners in various ways (e.g., participating in Master

GARDENE Gardener clinics, assisting in a county Ul Extension office, speaking to
groups, consulting on plant problems by telephone, and other methods

A UNIVERSITY OF IDAHO arranged with Ul Extension staff members).

EXTENSION PROGRAM

Idaho Master Gardener Barbara Petty, Director
University of Idaho Extension

Universityofldaho
Extension
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

EMERGENCY CONTACT FORM

College/Department

Activity Name Date Location
Name (First) (Last)

Address

City State Zip Code
Phone (Cell) Phone (Home)

Primary Emergency Contact Name Relationship

Phone (Cell) Phone (Home) Phone (Work)
Secondary Emergency Contact Name Relationship

Phone (Cell) Phone (Home) Phone (Work)

PLEASE NOTE: Hospitals and clinics require Social Security numbers before providing treatment and suggest
that participants bring a copy of their insurance card. THE PARTICIPANT IS RESPONSIBLE FOR ALL MEDICAL
EXPENSES.

The contact information provided will be shared only in the case of an emergency.

CHAPTER 1: INTRODUCTION AND POLICIES IDAHO MASTER GARDENER HANDBOOK - 1-20



UNIVERSITY OF IDAHO EXTENSION

IDAHO MASTER GARDENER PROGRAM

PEST MANAGEMENT AGREEMENT

The role of pesticides is important for home yard and garden pest management recommendations. All pesticide
use in Idaho is regulated by state and federal laws. In order to promote the safe and effective use of pesticides
and reduce the misuse of pesticides, all University of Idaho volunteer Master Gardeners are required to follow
the terms of this agreement, as listed below.

1.

| must be a certified Idaho Master Gardener to give pest control advice to clients. Certification requires both
successful completion of county Master Gardener training and requirements and successful completion of a
pesticide online training course.

| can only advise homeowners about pesticide use around home yards, gardens and landscapes. Questions
regarding commercial crop production, nursery management, forestry, public area landscape maintenance,
aquatic weed management, and pesticide liability are to be referred to the county Extension educator.

| will provide both chemical and nonchemical pest management recommendations allowing the client a
choice of strategies.

| can only give pest management recommendations, both chemical and nonchemical, published in current
University of Idaho or Pacific Northwest Extension publications, in other university publications, or in some
other reliable research-based source. Remember that the actual pesticide label always takes precedence
over any oral or written recommendation.

| can only recommend pesticides that are registered for home and garden use. | must follow all label
directions and precautions, including but not limited to: preharvest intervals, reentry waiting periods,
personal protective equipment, and product and container disposal.

| must never recommend any household product or chemical as a pesticide unless the product label states
it can be used to control pests on the specific site of interest. | must never recommend any “homemade
recipe” as a pesticide without proper labeling. Homemade insect or slug traps baited with food products are
considered devices and under state law are not regulated as pesticides. If an Idaho Master Gardener has
credible, published information from a university source on devices (for example, sticky boards that trap
aphids or slug traps), they may be recommended.

| understand that as an Idaho Master Gardener, | am not required to have an Idaho pesticide license to
recommend pesticides registered for home and garden use only.

| understand that as an Idaho Master Gardener, | am considered a volunteer representative of the University of
Idaho. The university will assume liability for my pest management recommendations only if: (1) the pesticide
is a legally registered product for home and garden use, (2) appropriate pesticide label directions and precau-
tions are followed, (3) the management recommendations are made directly from the pesticide label or from
current University of Idaho, Pacific Northwest Extension, or other regional university publications, and (4) no
household chemicals and/or homemade recipes are recommended unless they are labeled as pesticides.

Signed: Idaho Master Gardener Volunteer Date

Print Name
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UNIVERSITY OF IDAHO EXTENSION
IDAHO MASTER GARDENER PROGRAM

ACKNOWLEDGMENT OF RISK AND WAIVER OF LIABILITY

Master Gardeners will be expected to sign an Acknowledgment of Risk and Waiver of Liability (“Waiver”). Master
Gardener Coordinators will request the Waiver of Liability from all participants in the Master Gardener program.
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INTRODUCTION TO
HORTICULTURE AND
PLANT PHYSIOLOGY

Learning Objectives

+ Define horticulture and the different + Describe techniques to
areas of horticulture modify low temperatures in

+ Describe macroclimates and a garden
microclimates and discuss how they + Explain the role of light in
affect gardens and landscapes horticulture

+ Explain the role of temperature in + Understand how light
horticulture quality, intensity, and

+ Understand how to calculate heat duration affect plant growth

units and their relation to plant
growth

Horticulture Defined

Horticulture is defined by Webster’s dictionary as “the science and art of growing
fruits, vegetables, and flowers.” It is the intensive commercial production of high-
value and high-yielding plants. But it also includes the cultivation of garden crops and
landscape ornamentals and the interaction of science and art.

Horticulture contributes to the economy, provides good nutrition, and is a valuable
spiritual and psychological therapy. Horticulture beautifies and enhances the
environment. Areas of horticulture include the following:

+ Pomology. Fruit culture, including pome fruits (apple, pear, quince), stone fruits
(peach, cherry, plum, nectarine, apricot), small fruits (blueberry, raspberry,
grape, strawberry), and nut tree fruits.

+ Vegetable production. Culture of food crops from vegetable plants including
roots, fruits, and seeds.



+ Floriculture. Growing of cut flowers, potted plants,
bedding plants, and bulbs and floral design.

« Environmental horticulture. Nursery production
of herbaceous and woody plants for landscape
design and management.

- Postharvest physiology. Harvest, handling, and
storage of horticultural crops including flowers,
fruits, and vegetables.

Climate in Horticulture
MACROCLIMATE

The term “climate” refers to the long-term weather
patterns of a large geographical area and is used
interchangeably with “macroclimate.” Macroclimate
is determined mainly by an area’s latitude, elevation,
nearness to large bodies of water, nearby ocean

and wind currents, relation to nearby forests

and irrigated areas, and location in relation to
topographic features such as mountains.

Zone Avg. Annual Low
2 M -40°F through -50°F
3 M -30°F through -40°F
4 M -20°F through -30°F
5 M -10°F through -20°F
6 M 0°F through -10°F
7  10°F through 0°F
8 M 20°F through 10°F
9 M 30°F through 20°F
10 1 40°F through 30°F

Temperature and light are two fundamental features of
climate that profoundly affect gardening. Rainfall, wind,
hail, clouds, snow, and humidity also create the climate
of a region. Short-term variations in rain, wind, snow,
and other climatic characteristics are the weather.

Climatologists have calculated the statistical probabil-
ities of certain climatic occurrences that are likely to
affect plant growth. The United States Department of
Agriculture hardiness zone map, for example, is based
on an area’s average minimum temperatures. The
Arbor Day Foundation has produced an updated ver-
sion of the climate zone map based on the last fifteen
years of warmer temperatures (1990-2005) (Figure 1).

MICROCLIMATE

Microclimates are variations in climate within a com-
munity, yard, or other restricted area and result from
topographic features, soil types, aspect, or location
of buildings, fences, and/or plantings. Different mi-
croclimates will be more or less conducive to differ-

Figure 1. Hardiness zone map of the continental United States. Courtesy of the Arbor Day Foundation.
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ent outdoor activities and will limit or enhance the
success of plantings. For example, a shady northern
exposure may make a better summer patio space
than the sunny south side.

Gardeners can create or modify microclimates to
increase livability and diversify planting conditions
on their property. Landscape features that produce
microclimates include the following:

+ Hills and low areas. Hillside locations are less
subject to frost since cold air is denser than warm
air and will flow downhill to settle in low areas.

A south-facing slope warms earlier in the spring
than a north-facing slope, but will be hotter

and dryer during summer. The leeward side of a
ridge is less subject to wind or breeze than the
windward side.

+ Structures. Structures such as buildings, fences,
driveways, or sidewalks serve as heat sinks for
solar radiation. Planting areas around them will be
warmer, especially on their southern sides or next
to pavement. Northern sides of buildings and fenc-
es are shady and will remain cooler and moister.

- Bodies of water. Water has a moderating effect on
air temperature. A lot more energy is required to
raise the temperature of water than the tempera-
ture of air. Likewise, water releases large amounts
of heat energy when it cools. Thus, water acts as a
buffer to heat or cold.

Air blowing over cool water will cause adjacent land
to warm up slower in the spring, thus delaying bloom
and growth. This can protect plants from spring
frosts. In the fall, air moving over warm water keeps
the surrounding land warmer longer than areas
farther away.

- Elevation. The higher the elevation, the cooler the
temperature; there is less atmosphere to retain
the heat from solar radiation at high elevations.
Each 300-foot gain in elevation results in an
average 1°F drop in temperature.

- Raised beds. Raised beds heat quicker than
surrounding flat soil surfaces, but plants in
raised beds may dry out faster and suffer root
damage due to freezing in winter.

+ Plants. Large plants create microclimates by
reducing wind speed, creating shade, and raising
the humidity beneath them.

Figure 2. Soil, large objects, bodies of water, and large
plants all create microclimates.

+ Soil. Sandy soil will warm more rapidly in the
spring than clay soil and can be planted earlier,
resulting in a crop that will mature more rapidly.

By identifying and using microclimates to your
advantage, you can maximize the conditions for
individual plants or strategically locate garden beds,
patios, and other outdoor spaces. The right microcli-
mate often will make the difference between failure
and survival for some landscape plants (Figure 2).

Role of Temperature in
Horticulture

Temperature is the climatic factor that, more than
any other, determines the kinds of plants that will
grow in an area. Photosynthesis, transpiration, and
respiration increase with rising temperature. Many
horticultural crops thrive in warm climates such

as California’s and Florida’s, but are challenged in
northern climates like Idaho’s. Cold temperatures
restrict plant growth, freeze plants in midwinter,
and damage plants during fall and spring frosts.

Surviving cold temperatures requires well-adapted
plants. Hardiness is especially important for perma-
nent landscape plants such as woody ornamentals
and fruit trees.

Each plant type has an optimal temperature
needed for growth. Some plants prefer cooler
nights or days, whereas others prefer warmer
nights or days. Temperate zone vegetables and
annual flowers are classified as cool-season or
warm-season crops.

1-2 - IDAHO MASTER GARDENER HANDBOOK

CHAPTER 2: INTRODUCTION TO HORTICULTURE



Cool-season crops (sweet peas, pansies, garden
peas, onions, carrots, potatoes, lettuce, cabbage,
and broccoli) grow best in the northern portions of
the United States, at higher elevations, or during
the spring and fall in warm-climate areas.

Warm-season crops (sweet corn, tomatoes, peppers,
melons, zinnias, and marigolds) do best during the
warmth of summer in the north but are ideally suited
for growth over a longer season in warmer parts of
the country. Seeds of warm-season crops require

a soil temperature of 60°F or higher to germinate,
whereas seeds of cool-season crops will germinate at
a soil temperature of just 40°F.

HIGH TEMPERATURES

Plant growth is measured by the food energy pro-
duced thorough photosynthesis above that used for
respiration. Plants generally grow best at the higher
end of their optimal temperature range. In the tem-
perate zone, the minimum temperature for growth is
about 40°F. Photosynthesis and respiration increase
as temperatures rise until the energy used in respi-
ration equals photosynthetic capacity, when growth
ceases. For most plants, this temperature is around
96°F. For many cool-season crops, growth may cease
at temperatures considerably lower than 96°F.

Warm temperatures cause stored carbohydrate
reserves to be used up thorough respiration or to
be converted to starch. This affects the sweetness
of crops such as sweet corn and peas and thus
their quality.

Very high temperatures can cause physiological
damage to plants resulting in burnt leaves

and slowed growth. Other high-temperature
considerations in plant growth are discussed below.

Overcoming Dormancy

Most temperate zone perennials need a cold period
to overcome their physiological dormancy, or rest
period, for either the entire plant or only for their
flower and vegetative buds. Temperatures that are
not cold enough during the winter will keep these
plants from forming normal leaves and buds in the
spring. For example, peach cultivars for northern
climates require 700-1,000 hours below 45°F and
above 32°F before they break their rest period and
begin growth. If grown in the southern part of the
United States, these peaches will not thrive because
this requirement is not met.

Vernalization

Some plants require a chilling treatment to induce
flowering. This is especially common in biennials and
spring-flowering bulbs.

Plant Pests

Plant diseases often grow well at 96°F or higher,
increasing the chance of infection. Similarly, insect
pests reproduce more rapidly during periods of high
temperatures, with resultant high pressure on plants.

Heat Units

Plants have a base temperature below which they
grow very little. Average temperatures above a
threshold “base” temperature (40°F-50°F, depending
on plant type) accumulate on a seasonal basis and
are called “heat units” (or “degree days”) for that
season (Figure 3). Heat units are useful in estimating
time of maturity, predicting the latest feasible date
for fall planting, and deciding if long-season fruit
cultivars will mature in a specific locality.

To calculate heat units, use the following equation:

High temp
for day

Low temp

for day _ Base _ Heatunits
temp ~ for that day

+

Add heat units for each day to those of the previous
days to calculate the season’s total heat units thus
far. A negative number for daily heat units does not

2500

2008 TWFI TWIN FALLS

2000 -

1500 4

1000 4

Cumulative Degree Days (50°F

500 1

T T T T T T T T T
01-01 02-01 03-01 04-01 05-01 06-01 07-01 08-01 09-01 10-01 11-01

Date

Figure 3. Calculation of accumulated heat units (degree
days) in Twin Falls, Idaho, given a base temperature of
50°F (the base temperature for corn). Calculated using the
Oregon State University Degree-Day Calculator
(http:pnwpest.org/cgi-bin/ddmodel.pl)
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decrease seasonal heat units, but rather leaves it
unchanged.

Certain sweet corn cultivars mature at 1,500 heat
units (degree days). Cool nights like we have in
Idaho will slow the accumulation of heat units in
comparison with areas of the country that have
warm nights. This is why corn labeled “matures
in 65 days” can take much longer to mature in a
cooler climate!

LOW TEMPERATURES

Many plants are susceptible to frost and cold
temperatures. If temperatures are too cool, there
will be a lack of plant growth, a failure of seed
germination, and some plants will not set fruit.
Species originating in the tropics, for example, are
injured by temperatures below 40°F.

Plants have a minimum survival temperature
below which they will be severely injured or killed.
The amount of plant damage depends on many
variables such as the kind of plant, the plant part,
the nutrients and moisture in the plant tissues,
the season of the year, the temperature during
the freeze, the temperature after the freeze, the
amount of air movement, and the moisture level in
the soil. Other low-temperature considerations in
plant growth are discussed below.

Premature Flower Stalk Formation
(Bolting)

Premature flowering in plants is related to the
weather and other environmental conditions. Many
biennials will bloom in the first year if cool tem-
peratures follow shortly after planting. Since many
biennial plants are grown for their roots, petioles,
or leaves rather than for seed, flowering and seed
formation make the plant inedible. (Other tempera-
ture conditions that will cause plants to bloom ear-
ly are summer heat and fluctuating temperatures.)

Development of Winter Hardiness or
Dormancy

Perennial plants become more cold tolerant

in the fall after they shed their leaves. This is

part of the “hardening” process brought on by
cooler temperatures and shorter days. Freezing
temperatures are necessary for most plants to
increase their resistance to cold damage, while
sustained freezing temperatures are necessary for
maximum cold tolerance.

If temperatures rise for any length of time, plants
lose their tolerance to the cold. Cold tolerance will
return with colder temperatures, but not if the buds
have broken dormancy. Buds will break dormancy
during a warm spell if they have already been
exposed to chilling temperatures for the period
required for bud break. This type of damage is
common in northern climates like Idaho’s.

Carbohydrate Reserves

Plant tissues well supplied with carbohydrates will
reach deeper dormancy and be less susceptible to
winter cold. Make fertilizer applications and prune
well in advance of cool fall temperatures. Plants
that are stress free and without new growth will
move carbohydrates to the roots and other storage
tissues in the fall. Stress from insects, diseases, or
other sources will lessen carbohydrate production
and storage.

Water Status of Plant Tissue

Winter damage can occur due to a lack of moisture
in the plant or plant part. If the plant goes into the
winter with little moisture in the root zone, or if dehy-
dration occurs while the soil is frozen, the plant will
be injured due to water stress. This is called “physio-
logical drought.” This type of damage is particularly
detrimental to evergreen trees and will show up as
browning needles that dry from the tips down.

The windward and sunny, southwest sides of trees are
particularly at risk for browning needles and for bark
injury called “sunscald.” The windy conditions that are
common in many parts of ldaho will intensify injury
due to cold temperatures and physiological drought.

To prevent this damage, supply ample moisture during
the growing season. However, it is advisable to cut
back on moisture in late August and early September
in order to allow the plant to enter its dormancy. Water
well again in late October or early November after the
plant has become completely dormant. Plant roots are
still active up until the ground freezes and soil tem-
peratures drop below 40°F.

Frost Heaving

Alternate freezing and thawing can force some
plants completely out of the soil. This is called
“heaving” and young plants without a well-
established root system are particularly susceptible
to this type of damage, especially when planted in
the fall.
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Spring Frosts

Cold temperatures will freeze tender transplants,
emerging seedlings, and opening buds in the spring.
Fruit buds are easily frozen once they begin to
expand and bloom. Even expanding leaf buds can
freeze when unusually cold spring temperatures
occur. On still nights, when temperatures hover near
freezing, cold air, which is heavier than warm air,
will settle to the bottom of valleys and depressions.
These cold spots are called “frost pockets” and may
result in cold damage to plants in that area.

TEMPERATURE MODIFICATION

Modifying High Temperatures

You can modify high temperatures by shading plants
with larger plants or with structures such as lath
houses. Shade cloth suspended over plants will also
moderate temperature. Cooler conditions exist on the
shady side of a building and under trees.

Plants poorly adapted to high temperatures are not
good choices in hot, dry areas because extreme
measures must be taken to ensure their survival.

Modifying Low Temperatures

There are many ways to avoid or modify cold
temperatures. The most obvious are planting frost-
susceptible annual crops after all frost danger is past
and selecting perennial plants that are adapted to
the cold temperatures in your area. Other methods of
modifying cold temperatures include the following:

- Using covers or heat sinks. Surround the plants
with medium-to large-sized rocks to absorb heat or
cover them with fabric row covers, plastic sheet-
ing, or waxed paper cloches in early spring or when
frosts are predicted. These techniques reduce out-
going stored solar radiation from soil, rocks, and
plants. Depending on the type of cover, you can
gain 2°F-6°F of nighttime warmth. Remember that
during sunny days it may be 20°F-25°F warmer
under the cover, which may require venting to keep
plants from becoming too hot.

+ Mulching. Use a covering of mulch to modify
soil temperature. Applied soon after the ground
freezes in early winter, mulch will keep the
soil frozen and the covered plant crowns at a
consistent cold temperature to prevent winter
damage. Applied in the spring after the soil
warms, mulch moderates soil temperature
extremes during the growing season.

Certain dark or colored mulches can warm the
soil early and maintain warmer temperatures
when the weather is still cool. To be most
effective, an organic mulch layer should be 3-4
inches deep. Small stones can be used as mulch
to gather heat around plants.

+ Using heaters or fans. Protecting tree fruits
from early spring frosts is done in orchards using
heaters or large fans. This equipment stirs the air
and prevents an air “inversion,” when cooler air is
trapped under a layer of warm air.

+ Sprinkling. When liquid water changes to solid
ice, it releases heat. When water is sprinkled on
plants as they cool, the heat of freezing will keep
the plant surface at or near 32°F. This technique
is often used in orchards during bloom time when
frost or cold temperatures are predicted.

Role of Light in Horticulture

Light is the part of the sun’s energy visible to the
human eye. Solar radiation reaching the earth
includes some light near and on either side of the
visible light spectrum. Plants use mostly those light
rays that can be seen (Figure 4).

LIGHT QUALITY

Water vapor in the air acts as a prism to separate
light into its various wavelength components. The
human eye interprets these wavelengths as color.
Beginning with the longest visible wavelength, the
rays become shorter through the rainbow color spec-
trum: red, orange, yellow, green, blue, indigo, and
violet. Violet rays are the shortest and are slightly
longer than ultraviolet rays, which cause sunburn.

The following rays are used by plants in physiological
processes (Figure 4):

+ Violet. These are important for the development
of red pigments in plants like apples. At higher
elevation, there is less atmosphere to screen out
the violet and ultraviolet, resulting in well-colored
apples (and maybe sunburn on our skin!). Indigo
and violet rays are also responsible for bending
flower heads and other plant parts toward the
sun (phototropism).

+ Blue-violet and orange-red. These rays provide
the light energy for photosynthesis. In fact,
plants appear green to the human eye simply
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Figure 4. Wavelengths and the responses of plants to the visible rays. (Reprinted from Bienz, D.R. 1980. The Why and

How of Home Horticulture. San Francisco: WH Freeman.)

because plant pigments in leaves do not absorb
and use green light for photosynthesis; instead, it
is reflected back to our eyes.

- Orange-red and far-red (longer than red).
This part of the spectrum is absorbed by
plants and produces the day-length response
(photoperiodism).

Supplemental light varies in quality, with fluorescent
or cool white bulbs emitting wavelengths in the

blue range. Incandescent light is high in the red

and orange ranges but also emits the longer heat
waves and is too warm to be useful for plant growth.
The light bulbs specifically designed for plants are
balanced in the wavelengths used by plants.

LIGHT INTENSITY

Gardeners generally use foot-candles to measure
intensity or concentration of light, even though

the foot-candle is an older unit based on English
measurements (amount of light falling on 1 square
foot from a candle burning 1 foot away). You will also
hear the term lux to indicate the amount of light

that falls on a surface. Lux is a metric unit equal to 1
lumen per square meter. One foot-candle is 10.76 lux.

Physicists use a more precise mathematical measure
(millimoles per square meter per second). Gardeners
use foot-candles because many existing light meters
are calibrated in foot-candles.

In full sunlight at noon on a summer day in the
desert, light intensity measures about 12,000-15,000
foot-candles, possibly as high as 20,000 foot-
candles. Light intensity is less in the morning and
late afternoon because light from the sun reaches
the earth at an oblique angle, filtered through more
layers of atmosphere before reaching the surface.
For the same reason, light intensity is much lower

in winter in the Northern Hemisphere. On a heavily
overcast winter day at noon, light intensity may be as
low as 600-900 foot-candles in northern latitudes.
The interior of a well-lighted home will measure from
50-300 foot-candles.

Tropical plants, like many of our houseplants, thrive
in nature under a jungle canopy that provides very
low light intensity. Plants not from the jungle are able
to grow in and use very bright or intense light. Most
crop plants use about 1,200 foot-candles of light, but
they will grow better in light up to 4,000 foot-candles
because of the shading from surrounding leaves.
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Plants and leaves adapted to low light intensity

will sunburn, wither, or die if they are suddenly
exposed to higher light intensity. Light intensity can
be decreased through shading or increased with
supplemental lights, reflective material, or white
backgrounds.

Insufficient light will cause plants to stretch and
become “gangly” or unusually long. Nodes will be far
apart, leaves broad and thin, and the plants will have
a loose, open structure. Reduced light intensity can
also induce succulence.

LIGHT DURATION

Plants respond to particular day lengths. Actually,
processes that occur during an uninterrupted

dark period bring about the plant’s response, not
processes that occur during the day, but we use

day length as the measure. How plants respond to
day length is modified somewhat by temperature.
Depending on the plant type, blooming, for example,
may be delayed or sped up by warm or cool weather.
The bloom period can be intentionally altered with
specific light treatments or unintentionally altered
by lights coming from streetlights or other artificial
sources.

Long-Day Plants

Long-day plants respond to day lengths longer than
a certain minimum (usually about 12 hours). Spinach,
for example, is a long-day plant and, if planted late
in the spring, it will make a flower stalk before
producing leaves.

Onion bulbing is a long-day response. Onions
produce bulbs during long days, and onion types

that do well in northern latitudes require longer

days (16 hours) compared with those adapted to
more southern locations (11-12 hours). Northern-type
onions will not produce bulbs in southerly locations
because the days never get long enough! Southern
types, when grown in the north, produce bulbs before
the plant reaches a size adequate to develop a good-
sized onion bulb.

Short-Day Plants

Short-day plants respond to day lengths shorter
than a certain maximum (less than about 12 hours).
Chrysanthemums are short-day plants and will

Chapter 2 published 1993. Revised 2008.

bloom when day lengths range from 16 hours down
to 7 hours depending on the cultivar. They grow and
develop plant tissue and carbohydrate reserves
during the spring and summer to support fall
flowering. Poinsettia is another short-day plant.

Day-Neutral Plants

Day-neutral plants do not respond to day length, but
must have sufficient growth to support flowering.
Temperatures must also be acceptable, roughly
above 32°F and below 96°F. Geraniums and

certain strawberry cultivars are examples of day-
neutral plants.

Further Reading and
Resources

BOOKS

Benz, D. R.1980. “Climate, Temperature and
Light.” Chapter 7 in The Why and How of Home
Horticulture. San Francisco: WH Freeman.

BOOKLETS AND PAMPHLETS
University of Idaho Extension
PNW 497 Short-Season Vegetable Gardening.

Websites
National Weather Service, Climate Prediction Center.
http://www.cpc.ncep.noaa.gov.

National Oceanic and Atmospheric Administration,
US Department of Commerce. https://www.noaa.

gov/climate.
Idaho Climate Summaries, Western Regional Climate

Center. http://www.wrcc.dri.edu/summary/
climsmid.html.

Frost and Freeze Information, National Climatic Data
Center, NOAA Satellite and Information Service.
https://www.weather.gov/iwx/fallfrostinfo.

Online Phenology and Degree-day Models, Integrated
Plant Protection Center, Oregon State University.
http://ippc2.orst.edu/cgi-bin/ddmodel.pl.
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BASIC
BOTANY

Learning Objectives

» Describe plant nomenclature, including
common and scientific names

+ Understand horticulture-related

plant classification and define others,
including line, landrace, open-
pollinated, heirloom, and hybrid

- Describe plant life cycles

+ Understand plant parts and their
functions

- Describe leaf parts, structure, and

- Discuss the function of the

vascular system

« Define flower parts and their

functions

- Discuss the role of fruit in seed

development and dispersal

- Describe seed viability and how

it is affected by seed storage
conditions

+ Understand the seed

germination process, the
vegetative growth stage, and
the reproductive stage of plant
development

arrangement
- Discuss the function of leaves

+ Describe the parts and types of stems
and root growth and function

Introduction

Botany is the study of plants. To become a knowledgeable plant person, it is essential
to understand basic plant science. It is important to understand how plants grow, how
their various parts function, how they are identified and named, and how they interact
with their environment. Learning the language of botany means learning many new
words. Making the effort to learn this material will prove extremely valuable and will
create excitement as you learn to unravel the mysteries of the plant world.

Like all living organisms, plants are complex, and there is far more to know about
them than can be learned in an introductory Master Gardener course. Nonetheless,
this chapter is designed to provide the Master Gardener student with a brief, but
broad, introduction to many aspects of botany.



Plant Nomenclature and
Classification

Plant classification and the scientific naming

of plants are important for correct and precise
identification. Plant classification can be useful for
Master Gardeners involved in identifying plants,
germinating seeds, growing a garden, diagnosing
plant problems, or controlling pests.

Plants generally have a common name and a
scientific name. Common names are usually simple
and easy to remember for the general public. They
often are descriptive of the plant; for example,
burning bush, bleeding heart, or paper birch.

There are problems, however, with using common
names. The same species of plant may have two

or more common names, with names varying from
country to country, region to region, and sometimes
even within a local area. This makes it difficult to
communicate about a plant. For example, the state
flower of Idaho is Philadelphus lewisii, commonly
called syringa in Idaho. In other parts of the country,
however, the same plant is known as mock orange.

To add to the confusion, Syringa is the genus for

lilac shrubs. Another example of confusing common
names is Malva parviflora, which is called little mallow,
round leaf mallow, cheeseweed, or sometimes
buttonweed. The same common name may also be
used for several plants. An example is the common
name geranium, which can refer to plants in either the
genus Geranium or the genus Pelargonium.

Table 1. Examples of plant classification.

With scientific names, a plant has only one name.
Scientific names use the Latin language and

often are descriptive of some characteristic of the
plant. A dictionary on plant names can help with
pronunciation and clarify the meaning of Latin words.

Plants are named using a binomial (two-part) naming
system. A binomial name includes the plant’s genus
name (capitalized and italicized) plus the specific
epithet name (lowercased and italicized). The name
may be followed by the initial of the person credited
with originally describing and naming the plant. For
example, Solanum tuberosum L. indicates that Carl
von Linne (Linnaeus), a Swedish physician, described
and named the white (Irish) potato.

Plant classification groups plants with similar
characteristics, first in a broad sense, then through
a series of subgroups, using progressively more
specific flower and plant traits. This process
continues until a single, unique plant form remains.

This plant is given a binomial species name. Ranked
from general to specific, the plant classification
groups are as follows: kingdom, division or phylum,
class, order, family, genus, species, and variety or
cultivar. Each species is assigned to a genus, each
genus to a family, and so on. Refer to Table 1 for
examples of plant classification.

Understanding plant classification is useful for
maintaining a successful garden. For example,
vegetable crops should be rotated each year, and
rotation can be simplified by grouping plants from
the same family. To do so, you need to know which

Kingdom Planta

Division or phylum Magnoliophyta

Subdivision Angiospermae

Class Magnoliopsida (dicots)
Order Rosales

Family Rosaceae

Genus Prunus

Species Prunus virginiana

Variety or cultivar var. melanocarpa

Festuca idahoensis

Planta Planta
Magnoliophyta Pinophyta
Angiospermae Gymnospermae
Liliopsida (monocots) Pinopsida
Poales Pinales
Poaceae Pinaceae
Festuca Pinus

Pinus monticola

‘Siskiyou Blue’
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plants belong in which family. A second example:
when using the internet to research solutions to a
plant problem, it is absolutely essential to enter the
correct scientific name. The more you study plants,
the more you likely will appreciate the usefulness of
the scientific nomenclature system.

An important distinction among plants at the Division
level is between those with seedlings having one seed
leaf (monocots, such as grasses and lilies) and those
with seedlings having two seed leaves (dicots, such as
beans). Monocot and dicot seeds germinate differently.
The distinction between monocots and dicots becomes
very important when using herbicides. For example,
common lawn herbicides for broadleaf weeds (for
example, 2,4-D) will kill only dicot plants, leaving the
grass plants (monocots) unharmed.

FAMILY

Master Gardeners usually work with the
classification of plants at the family level and below.
Plant families are important in gardening because
members of the same family often have similar
cultural requirements and similar insect and disease
problems.

In a family of plants, similarities occur primarily with
reproductive parts (flowers, fruit, and seed), although
leaves and other plant parts may also be similar.
Table 2 includes some common families and some of
their characteristics.

GENUS

Genus is a subdivision of a plant family. Plants of
the same genus share similarities mostly in flower
characteristics and genetics. Plants in one genus
usually cannot breed with plants in another, but
species within a genus will often intercross. The first
letter of the genus name is capitalized and the entire
name is italicized or underlined.

SPECIES

Species is a group of individual plants that freely
interbreed and have many (or all) characteristics in
common. Species names use the binomial naming
system of genus and specific epithet.

VARIETY AND CULTIVAR

Variety

Variety is a word commonly used to describe
cultivated and hybridized plant types. Thisis a
misnomer; used in its proper context, a variety is a

botanical division of a species. It is a subgrouping of
plants within a species that differs in some particular
way from other members of that species. In the

wild, variety may be used to describe a particular
regional variant of a species with unique plant size,
flower color, or other visible trait. In cultivated plants,
variety may be used to designate a particular useful
form of a species. For example, cauliflower (Brassica
oleracea var. botrytis) and cabbage (Brassica oleracea
var. capitata) are varieties of the same species. The
variety name follows the abbreviation “var.” It is
written in lower case and is italicized or underlined.

Cultivar

This word is a contraction of the term “cultivated
variety.” A cultivar is a very specific, human-

bred, cultivated form of a useful crop species. If
propagated asexually (vegetatively), cultivars can
be termed clones. When vegetatively propagated,
cultivars maintain their characteristics from
generation to generation, thus preserving desirable
traits. However, seeds of clones will not produce
plants with the same desirable characteristics as
the cultivar. If propagated by seeds, cultivars can be
termed lines.

Cultivar names are indicated by placing the term in
single quotation marks or by preceding the cultivar
name with the abbreviation cv. (do not use both). The
first letter of the cultivar name is capitalized, but the
name is not italicized or underlined. An example is
the tomato cultivar Early Girl, expressed as Solanum
lycopersicum ‘Early Girl or cv. Early Girl.

Both ancient practices of plant domestication
and modern processes of plant breeding have
contributed to the vast pool of plants we have
available for food, industry, and beautification.

Understanding the titles used to describe these
plants will help in making decisions as to which
cultivars are suitable for specific uses.

Landrace. This term is used to describe a locally
domesticated and utilized form of a plant species
that was developed through a long process of
selection without the use of modern genetics.

Landraces typically have ancient origins and their
production was historically limited to a very small
geographical area. They often are specifically
adapted to production conditions typical of their
point of origin. One example is Palomero Toluqueno,
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Table 2. Common plant families.

Scientific family Common family Common plants in family Family traits
name name

Apiaceae

Asteraceae or
Compositae

Brassicaceae or
Cruciferae

Fabaceae or
Leguminosae

Lamiaceae or
Labiatae

Poaceae

Ranunculaceae

Rosaceae

Solanaceae

a type of popcorn that was historically grown in the

Carrot family

Sunflower family

Mustard family

Pea or bean family

Mint family

Grass family

Buttercup family

Rose family

Nightshade or
potato family

highlands of Mexico.

Landraces typically have improved traits that make
them valuable for human use in comparison with the
original wild species. At the same time, individual
plants within a landrace often vary in appearance,

quality, and resistance traits.

Carrot (Daucus carota)

Parsnip (Pastinaca sativa)

Dill (Anethum graveolens)

Poison hemlock (Conium maculatum)

Lettuce (Lactuca sativa)

Sunflower (Helianthus annuus)

Zinnia (Zinnia elegans)

Spotted knapweed (Centaurea stoebe)

Broccoli (Brassica oleracea var. botrytis)
Kale (Brassica oleracea var. acephala)
Cabbage (Brassica oleracea var. capitata)
Radish (Raphanus sativus)
Shepherd’s-purse (Capsella bursa-pastoris)

Common pea (Pisum sativum)
Common bean (Phaseolus vulgaris)
Lupine (Lupinus argenteus)

Hairy vetch (Vicia villosa)

Peppermint (Mentha x piperita)

Sweet basil (Ocimum basilicum)

English lavender (Lavendula angustifolia)
Henbit (Lamium amplexicaule)

Corn (Zea mays)

Kentucky bluegrass (Poa pratensis)
Blue fescue (Festuca glauca)
Quackgrass (Elytrigia repens)

Columbine (Aquilegia vulgaris)

Larkspur (Delphinium elatum)

Lenten rose (Helleborus orientalis)
Creeping buttercup (Ranunculus repens)

Apple (Malus pumila)

Garden strawberry (Fragaria x ananassa)
Rose (Rosa spp.)

Sulfur cinquefoil (Potentilla recta)

Tomato (Lycopersicon esculentum)
Pepper (Capsicum annuum var. annuum)
Potato (Solanum tuberosum)

Black henbane (Hyoscyamus niger)

Flowers usually in simple or
compound, flat-topped clusters
called umbels; stems often hollow.

Flowers organized as heads with ray
and disk flowers. One of the largest
families: 20,000 species.

Flowers have four petals that are not
joined; there usually are six stamens
(four long, two short).

Flowers with a distinct upper “flag”
petal, arranged in heads or spikes.

Leaves usually opposite; flowers
tubular; stems square.

Leaves simple and strap-like;
inflorescence usually a long spike.
Large family of between 7,500 and
10,000 species.

Large and variable family with
variable flower form; most species
have showy sepals rather than petals.

Flowers with five (or multiples of five)
petals and many stamens.

Leaves alternate; flowers have five
petals fused at the base; stamens
attached to the petals and form a
column around the pistil.

Open-pollinated. These cultivars are developed

through modern breeding practices, genetically

stabilized to ensure uniformity, and then seed

propagated using methods that allow uncontrolled
distribution of pollen within the crop. They differ from
hybrids, which are produced through a process that

completely controls pollen transfer. Open-pollinated
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cultivars will grow true-to-type if seed is collected
from parental plants that are isolated from other
cultivars of the same species. Most lettuce, bean, and
pea varieties for home gardeners are examples of
open-pollinated plants.

Heirloom. No universally accepted definition of
heirloom exists. Some people consider varieties to

be heirlooms only if they are at least one hundred
years old. Other people feel the proper cutoff date is
1951, the year recognized as the time when modern
hybrid cultivars became available. Nonetheless, there
are two fairly common characteristics attributed

to heirloom cultivars: (1) they are relatively old and

(2) they are not currently planted in large-scale
production agriculture.

Cultivars designated as heirloom have recently
become very popular in home garden and small
agriculture production. They provide unique
appearance and quality characteristics. However,
they also tend to be narrowly adapted and lack the
pest resistance that is common in modern cultivars.

The terms “open-pollinated” and “heirloom” are often
used synonymously. By any standard used to define
heirloom, this is incorrect. Open-pollinated refers to
any cultivar developed through modern (traditional)
breeding methods that is not a controlled-pollination
hybrid. Every year, modern breeding programs
release new open-pollinated cultivars of many crops
and landscape species. Cultivars designated as
heirloom, however, include many of the older, lesser
known open-pollinated cultivars, clonal cultivars, and,
in some cases, landraces.

Hybrid. Hybrid cultivars are often referred to as F1
hybrids. This means that the seed we purchase and
the resulting plants grown are the first-generation
offspring of two open-pollinated parents. (The
abbreviation F1 stands for the term “first filial”
generation.) Hybrid cultivars are limited almost
exclusively to food plants, with a few exceptions. In
production agriculture, hybrid cultivars can provide
many important advantages, including higher yield,
greater plant uniformity, more consistent quality,
and the combination of the superior traits of two
outstanding parents.

The main difference between hybrid and open-
pollinated cultivars is that subsequent generations
grown from the seed of a hybrid do not breed true to
type. Thus, growers cannot collect and use their own

seed, but must purchase new seed each year. For this
reason, many people do not consider hybrid cultivars
sustainable in small-scale agricultural production.

Clonal. Many plant cultivars are not propagated from
seed. They are propagated using vegetative parts.
Some familiar plants propagated in this manner
include potatoes, rhubarb, asparagus, bulb flowers,
and most types of fruit trees. Types of plant material
used to establish a new generation include tubers,
bulbs, root cuttings, stolons or runners, rhizome
pieces, and stem cuttings. Many clonally produced
cultivars can trace their origins to a single plant dis-
covered many hundreds of years ago.

GMO. Short for “genetically modified organism,”
GMO cultivars are radically different from the
cultivar types discussed previously, all of which have
their basis in traditional breeding and/or selection.
Biotechnologists have discovered ways to isolate and
remove specific genes from one organism and attach
them to the chromosomes of a different organism.
This makes it possible to give plants traits that nature
did not provide.

This technology is widely used in production
agriculture to address critical production and
nutrition issues. Examples include insect-resistant
corn and cotton cultivars (greatly reducing the
need for insecticide use), herbicide-resistant
soybeans and sugar beets (minimizing the need for
expensive hand weeding), and rice cultivars with
high levels of vitamin A (reducing the incidence of
blindness in many developing countries). Currently,
there are no GMO cultivars available for home food
production. Many people oppose the use of GMO
cultivars, limiting their value for use in small-scale
farming or home production of food crops.

Plant Life Cycles

A plant is classified by its life cycle, specifically
how long it lives and how long it takes to complete
reproductive processes and develop seed.

ANNUALS

Annuals grow, mature, flower, produce seed, and die
in one season. An annual may be a summer annual
or a winter annual. For summer annuals, the seed
germinates in the spring, and a plant develops,
matures, and produces seed by the end of the
growing season. Summer annuals include zinnias,
corn, and beans. Winter annual seed germinates in
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the fall, producing a plant that overwinters, matures,
and produces seed the following growing season.
Winter wheat and downy bromegrass (a weed) are
winter annuals.

BIENNIALS

Biennials take two years or at least part of a second
year to complete their life cycle. During the first
season, they grow a hardy rosette of basal leaves
that will overwinter. During the second season, the
plant flowers, produces seeds, and then dies. Parsley
and table beets are examples of biennial plants.

PERENNIALS

Perennials live for more than two years. Herbaceous
perennials have soft, nonwoody stems. Herbaceous
perennials die back each winter, and a new plant
grows from the crown or roots the following spring.
Herbaceous perennials may live for 3-25 years, or
even longer under ideal growing conditions. Many
herbaceous plants, such as tomatoes or lantana (a
flowering shrub), are perennial in warmer climates,
but are grown as annuals in temperate climates.

Woody perennials such as trees or shrubs have a
woody stem or trunk. Those that lose their leaves
every fall and grow new leaves in the spring are
called deciduous.

Trees or shrubs that keep their leaves (needles

or broad leaves) through the winter are called
evergreens. Sometimes, the term evergreen may be
somewhat of a misnomer because the older needles
(those closer to the tree trunk) fall off. For example, a
spruce tree will hold its needles for 7-10 years, while
a pine tree will hold needles for about 3 years.

Woody perennials have a wide range of life spans,
ranging from 10-12 years for aspens in a home
landscape to more than 1,000 years for some
conifers. Life expectancy is often linked to growth
rates. (Slower growing plants such as bristlecone
pines tend to live longer.)

Plant Parts and Their
Function

VEGETATIVE PARTS: LEAVES,
STEMS, AND ROOTS

Understanding plant part terminology (Figure 1)
and the functions of plant parts will help you
identify plants and diagnose plant problems.

Leaves

Leaves are the main structures produced on plant
stems. Leaves come in many different shapes, sizes,
and arrangements and are used for plant identifica-
tion. They also serve many vital roles, the most import-
ant being the harvest of light energy. The leaf is the
primary site of photosynthesis, respiration, and tran-
spiration, all important growth processes for plants.

Leaf parts and structure. There are two main parts to
a leaf: the blade (flat, thin portion) and the petiole. The
petiole attaches the blade to the stem and contains
conducting tissues between the leaf and the stem.

The outer cell layers on the top and bottom of the
leaf blade are the epidermis; they serve to protect
the inner leaf tissue. Specialized epidermal cells

on the undersides, and sometimes upper sides,

of leaves form openings called stomata. (The
singular of stomata is stomate.) Open stomata keep
water and nutrients moving through the plant and
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Figure 1. Parts of a vascular plant.
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allow the exchange of carbon dioxide and oxygen
between the air inside and outside the leaf, a
process that is critical for photosynthesis. Conditions
that cause plants to lose a lot of water (high
temperature, wind, low humidity) cause the stomata
to close. Consequently, it is important to keep

plants adequately watered to allow air exchange

for photosynthesis.

Some plant leaves have a waxy layer on the
epidermis called the cuticle. The cuticle protects the
leaf from dehydration and prevents penetration of
some disease-causing organisms.

The leaf blade texture (smooth, hairy, waxy, etc.) is
often important to consider when applying pesti-
cides. For example, herbicides may not make good
contact on hairy or waxy leaves; consequently they
are less effective. Also, some pesticides may remove
a desired waxy leaf texture. When this happens on
Colorado spruce needles, for example, the color of
the needles may change from blue to green.

Leaf arrangement and shape. Leaves are attached to
a stem in one of three patterns: opposite, alternate,
and whorled. Opposite arrangement means two
leaves attach at the same point, but on opposite sides
of the stem. With alternate arrangement, leaves are
attached at alternating points from one side of the
stem to the other. In a whorled arrangement, three

or more leaves are attached at the same point. Leaf
arrangement is often used for plant identification.
For example, maple trees have opposite leaf
arrangement, and birch and willow trees have
alternate leaf arrangement.

Leaves are most often thought of as being flat blades
of various shapes. Examples include the leaves of
maple trees or green beans. However, a leaf blade
may be needle-like, such as in conifers. Spruce

trees have about 1-inch-long needles, and pine trees
2-3-inch-long needles. Leaves can also be scale-
like, such as in red cedar and arborvitae, or flat and
strap-shaped as in grass plants. Leaf shapes are also
helpful for identification.

Photosynthesis in leaves. Plants are able to take
solar energy and turn it into chemical energy
through the process of photosynthesis. Without
photosynthesis, life on earth would not exist. All
other life forms depend on the oxygen and food that
photosynthesis provides.

Inputs for photosynthesis include carbon dioxide,
water, and light. Carbon dioxide enters the leaf
through the stomata, water enters through the
roots, and light energy comes from natural or
artificial light. Outputs of photosynthesis are oxygen
and carbohydrates.

Gardeners are basically managing a living plant fac-
tory. The goal is to maintain plant health and manage
the environment so plants can produce the most
carbohydrates possible. Anything that damages the
leaves (diseases or insect feeding) or reduces their
ability to absorb sunlight (too much shade) or take in
carbon dioxide will limit the photosynthetic capability
of a plant.

Respiration in leaves. Respiration is essentially the
reverse of photosynthesis. It is the process by which
carbohydrates are converted into energy. With the
production of energy, sugars and oxygen are con-
verted to carbon dioxide, water, and a small amount
of heat. Respiration releases energy to build new
tissues, maintain chemical processes, and produce
growth within the plant. Respiration occurs in all cells
at night as well as during the day, a key point that is
discussed below.

Relationship between photosynthesis and respi-
ration. The rates of photosynthesis and respiration
depend on temperature. Plants have an optimum
temperature range and a maximum temperature

for photosynthesis. The rate of photosynthesis will
increase with increasing temperature up to a certain
point and then decrease at higher temperatures.
Likewise, higher temperatures will increase respi-
ration. Unlike photosynthesis, however, respiration
continues to rise with increasing temperature.

Photosynthesis does not occur at night, but
respiration does. If nighttime temperatures are too
warm, the plant will use all of the energy produced
by photosynthesis during the day for metabolic
processes at night just to stay alive, rather than
converting the carbohydrates into new plant cells.
This can affect the portions that we eat, such as
potato tubers and cucumbers. If days are hot and
nights are warm, plant growth will be reduced and
yields may decrease. Grasping this relationship
between photosynthesis and respiration will help you
understand plant growth and yield variability from
year to year.

3-7 - IDAHO MASTER GARDENER HANDBOOK

CHAPTER 3: BASIC BOTANY



Transpiration in leaves. The loss of water through
leaf stomata is called transpiration. Transpiration
pulls water containing dissolved nutrients from
the soil through the roots and the rest of the
plant. It also provides evaporative cooling for leaf
tissue. About 90% of the water entering roots is
used in transpiration, and the remainder is used
for photosynthesis.

The amount of water used depends on temperature.
As temperatures rise, the amount of water needed
increases. Consequently, it is critical to irrigate

more frequently during warm weather. Also, plants
growing in a dry climate need more water than those
growing in a more humid environment.

Stems

The stem is the main aboveground support structure
of a plant. It contains the vascular system that allows
water, nutrients, and carbohydrates to move within

a plant.

Parts of a stem. All stems have nodes, where leaf
attachments occur. Nodes contain buds that may
develop into leaves, flowers, or lateral branches. The
areas between nodes are called internodes. Plants
that grow in reduced light conditions may have very
long internodes.

It is important to be able to recognize nodes when prun-
ing. For example, it is often necessary to remove a tree
branch back to a node that will produce a new stem.
Also, when plants are propagated asexually via vegeta-
tive cuttings, new roots most often form at nodes.

Types of stems. Most stems grow aboveground
and many grow erect (for example, trees, corn and
sunflowers). Some aboveground stems can also
grow along the ground, such as cucumbers and
pumpkins. There are also several other types of
stems that gardeners need to understand because
plants with these modified stems may need to be
managed differently.

Crowns are compressed, aboveground stems with
very short internodes. Examples of plants with
crowns include dandelions, strawberries, rhubarb,
asparagus, and many grasses such as Kentucky
bluegrass. Rhubarb and asparagus are propagated
by planting crowns. Crown identification is especially
important when planting strawberries, as covering
the crown with soil is detrimental to their growth.

Spurs are short, stubby stems commonly found on
fruit trees such as apple and pear. Spurs produce
fruiting buds. If a severe pruning cut is made close to
a spur, the spur may produce a stem rather than the
intended fruit.

Stolons, also called runners, are horizontal stems,
either fleshy or semiwoody, that grow on top of the
soil surface. For example, stolons attach a strawberry
plant to its plantlets. Some types of grass, such as
creeping bentgrass, form stolons. This species often
is planted on golf course putting greens.

Rhizomes are stems that grow belowground. A very
popular lawn grass, Kentucky bluegrass, spreads by
rhizomes. Another grass that spreads by rhizomes
is quackgrass, which is considered a difficult-to-
control weed.

There are several other types of modified stems,

such as tubers (the edible part of potatoes) and bulbs
(tulips and onions). These topics are covered in more
detail in the chapter titled “Herbaceous Ornamentals.”

VASCULAR SYSTEM

Plants need a system to transport water and
nutrients from the roots to the leaves and to move
photosynthetic sugars to stems, roots, and other
plant parts. You could think of this vascular system
as being similar to the vessels and veins in vertebrate
animals. There are two types of vessels in plants.
Xylem vessels conduct water and minerals up from
the roots, while phloem tubes carry sugars and other
compounds from the leaves to the rest of the plant.

The xylem and phloem are grouped in vascular
bundles. In dicots, the vascular bundles are arranged
in a continuous ring in the outer perimeter of the
stem. In woody plants (trees and shrubs), these
vascular bundles are located just under the bark.
Thus, they can be easily damaged by lawn mowers,
string trimmers, or stems rubbing against each other.
In monocots, the vascular bundles are scattered
throughout the stem and are not as easily damaged.

Buds

A bud is a fully formed but undeveloped shoot or
flower. If a bud is at the tip of a shoot, it is called a
terminal bud. Regardless of location, buds that form
shoots or leaves are vegetative buds. Flower buds
produce one or more flowers. Mixed buds produce
both shoots and flowers.
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Buds may grow immediately after they are formed or
stop growing and remain dormant until the following
spring. Buds on many plants, such as fruit trees,
require a specified duration of cold temperature
below a critical level before they will grow in the
spring. This cold period is easily accomplished in
Idaho, but may not be achieved in warmer states such
as Florida or California.

During dormancy, buds can tolerate very low
temperatures without damage. However, once the
plant has had enough cold temperature to satisfy
the requirement for growth, a new bud can easily be
damaged by subsequent cold temperatures.

Roots

Roots are often neglected or forgotten while caring
for plants because they are not visible. However,
roots are a critical plant part that gardeners need to
understand to properly care for plants. Roots make
up a large proportion of the total plant —about 20%-
30% of the total volume. Small feeder roots are so
numerous that the total amount of roots can account
for up to 90% of the surface area of a plant!

Establishing a healthy root system is one key to grow-
ing attractive and productive plants. The importance of
roots is evident when transplanting trees. Transplant-
ed trees often suffer from “transplant shock” and do
not seem to grow well the first two or three years. The
problem is the amount of root system that was re-
moved during the transplanting process. Bare-root or
balled and burlapped trees have less than about 5%
of their original root system and cannot grow normally
until a complete new root system has developed.

Root functions. Roots absorb nutrients and moisture
from the soil or growth medium (potting soil), anchor
the plant, physically support the stem, and move
water and minerals to the stem. In some cases, roots
serve as food storage organs. Roots profoundly
affect the size and vigor of the plant, the method of
propagation, adaptation to soil types, and responses
to cultural practices and irrigation.

Types of root systems. After the primary root
emerges from the seed, it may continue to grow
straight down and become a taproot or it may branch
and form a fibrous root system with many side
(lateral) roots.

Root growth. There is a common misconception
that tree roots penetrate the soil to several feet. In

fact, most of the functional feeder roots of woody
plants — those that absorb water and nutrients —are
located in the upper 18 inches of soil. Many plants
have even more shallow root systems. The depth to
which roots penetrate depends on the plant type,
soil texture and structure, and water status. A dense,
compacted soil layer or a high water table will re-
strict or terminate root growth.

Another misunderstanding about roots is that they
will grow to “find” water. Roots will not grow into dry
soil, so unless soil is moist, roots will not grow to their
maximum length.

The roots of most plants are far more extensive than
the aboveground area beneath the plant. Tree roots
extend several feet beyond the drip-line of the tree.
Disturbing the soil by, for example, digging a trench
or compacting the soil via vehicular or foot traffic will
have an adverse effect on the tree’s health.

REPRODUCTIVE PARTS: FLOWERS,
FRUITS, AND SEEDS

Flowers

Flowers are the sexual reproductive organs of seed-
bearing plants, designed to produce and distribute
pollen, accept pollen, provide a way to fertilize the
ovary, and nourish and protect the developing seed
(Figure 2). This makes flowers critical to the survival,
adaptation, evolution, and distribution of plant
species.

Angiosperms produce the reproductive structures
we recoghnize as flowers and are the group of plants
discussed in this section. Gymnosperms (conifers)
produce pollen and seeds, but don’t have structures
recognizable as flowers. Some plants, such as
ferns, do not produce flowers or seeds and instead
reproduce using spores.

Parts of the flower. A typical flower has four

major parts: sepals, petals, stamens, and pistils.
However, not all flowers have all four parts. Flowers
lacking one or more of these basic parts are called
incomplete flowers. In nature, any combination of
flower parts can occur. The shape and visibility of
flower parts also vary widely among plant species.

Sepals are the outer covering of the flower when

it is in the bud stage. They are usually green and
leaf-like in appearance. In some plants, they have
the form and color of petals (for example, in tulips).
Collectively, all of the sepals form the calyx.
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Figure 2. Parts of a flower.

Petals are usually the largest and most visible
feature of a flower and are commonly brightly
colored. The color helps attract insects to pollinate
the flower. As a group, the petals form the corolla.

Stamens are the male parts of the flower and are
usually found near the center of the flower. Each
flower contains multiple stamens —in some cases
very large numbers. At the top of each stamen is an
anther sac in which pollen is produced.

The pistil is the female component of the flower. The
upper part of the pistil, called the stigma, usually

has some type of sticky surface designed to trap and
accept pollen. The base of the pistil contains one or
more ovules (eggs) that develop into seeds after polli-
nation and fertilization.

Arrangement of male and female flowers. Many
species of plants produce flowers lacking one or
more of the sexual parts and are referred to as
imperfect. Flowers with no pistils are male flowers
(staminate). Flowers with no stamens are female
flowers (pistillate).

Depending on species, imperfect flowers may be
arranged within and among plants in a number of
ways. Individual plants may produce separate male
and female flowers on the same plant. The term

for this arrangement is monoecious (a Latin term
meaning “one house”). Cucumbers are an example of
this type of plant; the male flowers (the ones lacking

STIGMA\
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tiny fruit under the corolla) and female flowers

(the ones with a tiny cucumber under the corolla)
alternate along the vines (see Table 3 for additional
examples of common monoecious species).

Other species may have separate male and female
plants, with flowers of only one sex on any single
plant. The term for this arrangement is dioecious

(a Latin term meaning “two houses”). Holly is an
example of a dioecious plant. Only the female plants
produce berries, and only if a male plant is nearby to
supply pollen (see Table 3 for additional examples of
dioecious plants).

Pollination of flowers. For seed to develop, pollen
must be transferred from the anthers to the pistil,
where it can fertilize the ovules. Some plants require
a pollinator to transfer pollen from flower to flower.
Pollinators can include many types of animals,

most commonly insects or birds. Honeybees are an
example of common pollinating insects.

Plants that require a pollinator (such as an apple
tree) produce sticky pollen that adheres to animal
visitors. Other plants, such as corn, utilize the wind
for pollination. They release large amounts of small,
light, nonsticky pollen grains into the air and rely on
chance to carry them to the pistil of a nearby plant.
As arule, plants that require pollinators have large
and/or showy flowers. Wind-pollinated plants tend to
have inconspicuous flowers.
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Table 3. Examples of plants with a monoecious or
dioecious flower arrangement.

- Scientific name Common hame

European white

Betula alba birch

Curcurbita pepo

Jugl ) Pumpkin
Monoecious ugtans mgr'a Black walnut
Musa acuminata

species Q Banana
uercus macrocarpa
P Bur oak

Salix matsudana Globe willow

Zea mays Corn
ﬁcer negundft;. - Box elder
spa.ragus officinalis e
Fraxinus
. Green ash
Dioecious pennsylvanica o
. , . , Carpet juniper
species Juniperus horizontalis .
White poplar
Populus alba .
. Spinach
Spinacia oleracea ]
Taxus cuspidate apanese yew
Fruits

After pollination, the embryo starts to develop, fruit
forms, and seeds enlarge within the fruit. Fruits
come in many sizes and forms. They may be fleshy
(peach) or dry (elm). They can be single (avocado) or
aggregated (raspberry; the crumbles of a raspberry
are actually individual fruits). They can have a hard
coat (a nut) or soft, fragile skin (tomato). They can
hold one seed (plum) or many (cantaloupe).

The fruit serves to protect the developing seed.
Once the seed is mature, the fruit can be important
in seed dissemination. Sweet, edible fruits, such

as serviceberries, are often consumed by animals,
and the seed is then deposited elsewhere in their
droppings. Other types of fruit may dry and break
open violently (dehiscence), flinging the seed
some distance from the mother plant. An example
of a plant using this dissemination mechanism

is chickpea. Still other fruits may have “wings”
(samaras in maples) or “umbrellas” (the parachute-
like pappus of dandelions) that allow them to “ride
the wind” to a new location. Cockleburs have a
barbed fruit that attaches itself to clothing or animal
fur, providing the seed with transportation. Small
animals gather, transport, and bury nuts, not only
moving the seeds but planting them as well.

Fruits are also important for human nutrition, and
many garden plants are produced for their edible

fruits. Some fruits, such as cucumbers and peas, are
picked and eaten at a botanically immature stage.
Others reach full maturity before being picked,
meaning growth is complete and the seed is capable
of germination. Examples are apples and pumpkins.

Seeds

Seeds form when ovules are fertilized after
pollination. Thus, they contain genes from both

the female and male parents. Each seed is an
encapsulated embryo, in essence a miniature but
fully formed plant within a protective coat. Once
the embryo is formed, it usually goes into a state of
arrested development until the seed is separated
from the mother plant and is exposed to proper
growing conditions.

Seeds, in addition to fruits, are important sources
of food for humans. We grow many plants for their
edible seeds, including nuts, legumes, and grain.

Seed viability. In order for seeds to grow, the embryo
must be viable, or alive. Factors such as improper
pollination, less-than-ideal growing conditions during
seed development, or competition within a plant for
resources can lead to nonviable seed. Nonviable
seeds may look normal, but will not grow, even when
planted in optimal conditions. In nature, nonviable
seeds affect the ability of plants to propagate
themselves. In the garden, nonviable seeds have a
negative impact on plant stands and productivity.
Nonviable seeds should not be confused with
dormant seeds, which are discussed below.

Seeds enable plants to bridge periods of time

when growing conditions are not favorable (winter,
dry periods, etc.). Consequently, if conditions are
appropriate, seeds of most plant species can remain
viable for extended periods of time. Germination

and growth may be delayed until suitable growing
conditions occur. Having seeds of desirable plants
remain viable for many years is beneficial, but when
weed seeds remain viable for many years, it creates a
need for ongoing weed management.

There are exceptions to the rule of extended seed
viability. The seeds of some plant species are capable
of growth for only a few days and then only if kept
constantly moist. Species of plants with short periods
of viability usually live in warm, or at least moist,
conditions and often produce seeds that develop
within wet, pulpy fruits.
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Recently purchased seed has usually gone through
a certification process, meaning the germination
percentage has been tested in a laboratory and
acceptable levels of seed viability ensured. Older
seed or seed that has not been certified can be
tested at home to make sure it is viable. Before
testing germination, make sure the seed is not
dormant (see a discussion of dormancy below).

A quick, simple way to test the viability of most seeds
is to float the seed in a container of water. Seeds that
float are usually not viable; live seeds sink. However,
the most reliable method for assessing viability is a
germination test. Place a known quantity of seeds on
a moist paper towel and seal it in a plastic bag. After
a week to 10 days, inspect the seed to determine the
percentage that has sprouted.

Seed storage. Due to the tendency of seed to remain
viable over extended periods of time, seed can often
be stored for one to several years, depending on
species and storage conditions (Table 4). Even under
ideal conditions, however, seeds of some plants (such
as onions, leeks, and parsnips) may remain viable for
only one year. Seeds of other plant species (such as
radishes, tomatoes, grains, and many grass species)
may remain viable at least six and sometimes more
than twenty years.

Successful seed storage requires proper conditions.
The keys to long storage are temperature and
humidity, with cool, dry conditions being best.

The “rule of 90” can help you determine a suitable
storage site. Measure the temperature and relative
humidity of the intended storage location and add
the two values together. If the sum is less than

90, extended seed storage should be successful.
Low humidity is the most critical factor for seed
storage, but generally, lowering either humidity or
temperature will extend the storage period. Long-
term viability of seeds can be ensured by placing
the seed in a sealed container with a desiccation gel
packet and placing the container in a freezer.

Seed dormancy. Some seeds, although viable and
planted under correct conditions, fail to grow. These
seeds are exhibiting a natural survival characteris-
tic termed dormancy. Dormancy is an adaptation of
some plants to keep seeds from germinating until
conditions favor seedling survival. Most of our com-
mon food crops and annual flowers lack dormancy,
meaning the seed will grow as soon as it is planted

Table 4. Examples of longevity and minimum germination
(percentage of live seed required to ensure successful
production).

. Longevity Minimum germination
Kind of seed (percent)

Bean 3 70
Beet 4 65
Carrot S 55
Corn, sweet 2 75
Cucumber 5 80
Lettuce 1 80
Muskmelon 5 75
Pea S 80
Pumpkin 4 75
Radish 4 75
Spinach & 60
Squash 4 75
Watermelon 4 70

*Source: J.E. Ells, L.N. Bass, and D. Whiting. 2020 (revision).
Storing Vegetable and Flower Seeds. Colorado State Uni-
versity Extension, 7.221. https://extension.colostate.edu/

topic-areas/yard-garden/storing-vegetable-and-flow-
er-seeds-7-221/.

into warm, moist soil. However, many perennial flow-
er species (such as monkshood, alliums, columbines,
and penstemons) and most hardy shrubs and trees
produce seed with some form of dormancy. In these
cases, dormancy must be broken before seedling
establishment can be successful.

The most common mechanisms of dormancy are
seed coat impermeability and embryo dormancy.
Seed coat dormancy is caused by the presence of a
thick, hard seed coat that is impermeable to water. In
nature, weathering, soil abrasion, the action of micro-
organisms, or passage through the digestive tract of
an animal can soften the seed covering, thus allowing
the seed to take up water and begin growing.

For garden production, an artificial method known
as scarification can be used to break or soften
the seed coat. The simplest scarification method
is mechanical; simply scratch the seed coat with
sandpaper or nick it with a knife. Heat treatments
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using boiling water can also disrupt the seed coat
enough to allow germination. With this method,

it is important to use caution to avoid personal
injury. Also, be sure you know the proper length of
treatment to avoid damaging or killing the seed.

Embryo dormancy is a chemical/physiological
condition that prevents growth, usually associated
with the balance of growth hormones in the seed. In
nature, this type of dormancy ensures that seedlings
will emerge in the spring, rather than in the fall.

The hormonal balance of the seed changes toward

a status favoring growth during exposure to cold,
moist soil conditions. This type of dormancy can be
overcome by stratification, a process of artificially
chilling seeds under moist conditions. Place the seed
in moist potting soil in a small plastic bag and place
the bag in a refrigerator for 1-3 months.

Seed dormancy attributes and the methods required
to overcome dormancy vary widely among plant
species. Success with many plants depends on
understanding dormancy characteristics and finding
the best ways to satisfy dormancy requirements.
Good reference materials are available to determine
the necessary conditions for germinating seed of
difficult species.

Plant Development

Plants go through definable stages of life, begin-
ning with germination (sprouting) and ending with
senescence and death. Some annuals complete this
entire process within a few months, while some tree
species live for thousands of years.

SEED GERMINATION

Plant development begins with the germination of a
seed. First, the seed swells as it absorbs water. The
first root (radicle) emerges from the seed coat and
grows downward. In proper soil moisture conditions,
the new roots and root hairs grow down into the soil
to anchor the plant and acquire water and minerals.
Meanwhile, the shoot portion of the stem emerges
from the seed and begins extending toward the

soil surface.

During germination and seedling establishment,
young plants are vulnerable to damage from
conditions that may not damage an established
plant. Lack of moisture, excessive heat or cold, pests,
and diseases can all kill or seriously damage an

emerging seedling. For example, an established plant
may be hardy to -25°F, while a tender young plant of
the same species may be hardy to only 32°F. As the
fragile new shoot moves up through the soil, it may
also be damaged by the inability to penetrate heavy
or compacted soil.

Because of this extreme vulnerability, germinating
seedlings require that we pay careful attention to
cultural details. We must adequately prepare the
soil, plant seed to the proper depth, maintain proper
moisture conditions, minimize exposure to pests, and
control temperature as much as possible.

VEGETATIVE GROWTH STAGE

Once a seedling is established, the size and
complexity of the plant increases as the first true
leaves are formed. Stems elongate and produce
additional leaves. The leaf surface increases,
thereby enhancing the plant’s ability to capture

and utilize light. During this stage of development,
growth is rapid and plant parts tend to be large and
succulent. Also, the growing plant begins to display
characteristic branching and rooting patterns. For
example, carrots will produce fern-like leaves and

a long taproot, while blue fescue will develop long,
narrow leaves from a crown and a dense, fibrous root
system.

New growth on all plants develops from localized
meristems — specific regions of rapidly dividing
cells. Meristematic tissues within any plant include
those providing both apical and lateral growth. The
apical meristems are found at the tips of stems and
roots and produce cells resulting in longer stems and
branches. Lateral meristems are located along the
interior of the stem and roots and serve to increase
the diameter of stems, trunks, branches, and roots.
Lateral meristems are especially important in the
expansion (increase in diameter) of woody tissues in
trees and shrubs.

Grass plants have a unique form of apical meristem
called the intercalary meristem, located at the
base of the leaves. Intercalary meristem cells divide
and produce new growth from the leaf base, giving
grasses the unique ability to regrow after mowing
or grazing. Scalping grass with a mower (cutting

to a very short length) or overgrazing may damage
or remove this meristem and cause a bald spot (no
grass) in the lawn or pasture.
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REPRODUCTIVE GROWTH STAGE

Upon achieving adequate size and storing sufficient
energy, flowering plants go through a process of
physiological change that favors the development

of reproductive organs at the expense of vegetative
growth. Among angiosperms, this means producing
flowers and fruits. Once flowering is induced, par-
ticularly with annuals and herbaceous perennials,
leaf growth usually slows and the plants become
more fibrous and stout. For annuals, the reproductive
process occurs only once before the plant senesces
and dies. For long-lived perennial and woody species,
the reproductive cycle may be repeated many times
during the life span of a single plant.

Flowering is influenced by many external and internal
factors, including genetics, plant mass, plant health,
hormone balance, temperature, and day length. Cold
or warm temperatures at a specific stage of growth
can trigger the flowering process. For example,
consistent cold weather will cause young broccoli
plants to bloom early instead of growing large
heads. Another important trigger for some plants is
the length of the light period. Onions, for example,
require increasingly long early summer days to
trigger bulb growth. These triggering mechanisms
ensure that the plants produce flowers during the
optimal time of the year so that flowering and fruit
development can be unhindered.

During fruit set — the next phase of reproductive
growth —the ovary develops into a fruit with seed.
Fruit and seed development take a great deal of en-
ergy. For this reason, it may be beneficial to prevent
fruit from developing when plants are just getting
established. Deadheading is another example of
preventing fruit development, in this case to promote
more flowering. Any stress that reduces photosyn-
thesis — drought, nutrient deficiencies, insects, or
diseases — will negatively affect fruit development.

SENESCENCE

For annuals and biennials, death is the next and final
stage following fruit development. Senescence is a
series of steps that lead to the death of a plant. The
plant ceases to metabolize and nutrients are moved
from the vegetative structures to the fruits.

Perennial plants do not die after fruit production. On
herbaceous perennials, however, fruiting may signal
an annual dieback of foliage. In woody species, fruiting

may or may not be associated with fall leaf drop and
annual dormancy.

For all plants, the stages of development associated
with maturation and senescence are accompanied
by a lack of response to outside influences. In other
words, the plants are programmed to naturally
decline and no inputs of nutrients, moisture, or

any form of tender loving care will extend their

life. During this stage of development, plants also
become more prone to diseases and insect feeding.
Luckily, pests do little lasting damage to plants at
this stage of their lives and efforts to control pest
issues during senescence are usually unwarranted.
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PLANT
PROPAGATION

Learning Objectives

- Define sexual propagation + Describe how to transplant and

- Describe the role of water, light, handle seedlings
oxygen, and heat in germination + Describe how to harden off plants

- Describe methods of breaking seed - Define asexual propagation
dormancy - Describe the methods for

- Discuss the role of media, containers, propagating with cuttings and
and timing in seed starting those by layering

- Describe seed tape - Describe the method of

. Describe the method of propagating by divisions and that
pregermination in seed starting by graft

Sexual Propagation

Sexual propagation involves the union of the pollen (male) with the egg (female)

to produce a seed. The seed is made up of three parts: the outer seed coat, which
protects the seed; the endosperm (cotyledon), which is a food reserve; and the
embryo, which is the young plant itself. When a seed is mature and put in a favorable
environment, it will germinate
(begin active growth). In

the following section, seed
germination and transplantation
of seeds will be discussed.

SEED

To obtain quality plants, start
with good quality seed from a
reliable dealer. Select varieties to

Bean seed with interior parts indicated



provide the size, color, and habit of growth desired.
Choose varieties adapted to your area that will reach
maturity before an early frost. Many new vegetable
and flower varieties are hybrids, which cost a little
more than open pollinated types. However, hybrid
plants usually have more vigor, more uniformity, and
better production than nonhybrids and sometimes
have specific disease resistance or other unique
cultural characteristics. Disadvantages of hybrids:
seed cannot be saved as they do not breed true and
they may have a higher fertility requirement.

Although some seeds will keep for several years
if stored properly, it is advisable to purchase
only enough seed for the current year’s use.
Good seed will not contain seed of any other
crop, weed seeds, or other debris. The seed
packet usually indicates essential information
about the variety, the year for which the seeds
were packaged, germination percentage you
may typically expect, and notes of any chemical
seed treatment. If seeds are obtained well in
advance of the actual sowing date or are stored
surplus seeds, keep them in a cool, dry place.
Do not freeze seed. Laminated foil packets help
ensure dry storage. Paper packets are best kept
in tightly closed containers and maintained near
40°F in low humidity.

Some gardeners save seed from their own
gardens; however, such seed is the result of
random pollination by insects or other natural
agents and may or may not produce plants
typical of the parents. Open-pollinated varieties
are best for seed saving. Vegetable seeds are
discussed in chapter 20.

GERMINATION

Four environmental factors affect germination:
water, light, oxygen, and heat.

Water

The first step in the germination process is
absorption of water. Even though seeds have
great absorbing power due to the nature of

the seed coat, the amount of available water in
the germination medium affects the uptake of
water. An adequate, continuous supply of water
is important to ensure germination. Once the
germination process begins, a dry period will
cause the death of the embryo.

Light

Light is known to stimulate or to inhibit germination
of some seed. The light reaction involved here

is a complex process. Some crops that have a
requirement for light to assist seed germination are
ageratum, begonia, browallia, impatiens, lettuce,
and petunia. Conversely, centaurea, annual phlox,
verbena, and vinca will germinate best in the dark
(Table 1). Many other plant seeds are not specific in
their light or dark requirements.

Table 1. Seed requirements.

i Approx- | Optimum
Approximate | . ptimu . ..
tirr):e toseed | Mate | germination |Germination
before last | 8SFMina- | temperature | inlight (L)
spring frost tion time o or dark (D)
(days) CF)

Begonia 12 weeks or 10-15 70 L
Browallia more 15-20 70 L
Geranium 10-20 70 D
Larkspur 5-10 55) D
Pansy (Viola) 5-10 65 D
Vinca 10-15 70 D
Dianthus 10 weeks 5-10 70 —
Impatiens 15-20 70 L
Petunia 5-10 70 L
Portulaca 5-10 70 D
Snapdragon 5-10 65 L
Stock 10-15 70 —
Verbena 15-20 65 D
Ageratum 8 weeks 5-10 70 L
Alyssum 5-10 70 —
Broccoli 5-10 70

Cabbage 5-10 70 —
Cauliflower 5-10 70 —
Celosia 5-10 70 —
Coleus 5-10 65 L
Dahlia 5-10 70 —
Eggplant 5-10 70 —
Head lettuce 5-10 70 L
Nicotiana 10-15 70 L
Pepper 5-10 80 —
Phiox 5-10 65 D
Aster 6 weeks 5-10 70 —
Balsam 5-10 70 —
Centaurea 5-10 65 D
Marigold 5-10 70 —
Tomato 5-10 80 —
Zinnia 5-10 70 —
Cucumber 4 weeks 5-10 85 —
Cosmos or less 5-10 70 —
Muskmelon 5-10 85 —
Squash 5-10 85 —
Watermelon 5-10 85 —

(—) means no specific light or dark requirements.
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Seed catalogs and seed packets often list
germination or cultural tips for individual varieties.
When sowing light-requiring seed, do as nature
does and leave them on the soil surface. If they
are covered at all, cover them lightly with fine peat
moss or fine vermiculite. These two materials, if
not applied too heavily, will permit some light to
reach the seed and will not limit germination. When
starting seed in the home, supplemental light can
be provided by fluorescent fixtures suspended
6-12 inches above the seeds for 16 hours a day.

Oxygen

In all viable seed, respiration takes place. The res-
piration in dormant seed is low, but some oxygen is
required. The respiration rate increases during germi-
nation, therefore, the medium in which the seeds are
placed should be loose and well aerated. If the oxy-
gen supply during germination is limited or reduced,
germination can be severely retarded or inhibited.

Heat

A favorable temperature is another important
requirement of germination (Table 1). It not only
affects the germination percentage but also the

rate of germination. Some seeds will germinate

over a wide range of temperatures, whereas others
require a narrow range. Many seeds have minimum,
maximum, and optimum temperatures at which they
germinate. For example, tomato seed has a minimum
germination temperature of 50°F and a maximum
temperature of 95°F, but an optimum germination
temperature of about 80°F. Where germination tem-
peratures are listed, they are usually the optimum
temperatures unless otherwise specified. Generally,
65°F-75°F is best for most plants. This often means
the germination flats may have to be placed on ra-
diators, heating cables, or heating mats to maintain
optimum temperature. The importance of maintain-
ing proper soil temperature to achieve maximum
germination percentages cannot be overemphasized.

Germination will begin when certain internal
requirements have been met. A seed must have a
mature embryo, contain a large enough endosperm to
sustain the embryo during germination, and contain
sufficient hormones or auxins to initiate the process.

METHODS OF BREAKING DORMANCY
One of the functions of dormancy is to prevent a seed
from germinating before it is surrounded by a favor-
able environment. In some trees and shrubs, seed

dormancy is difficult to break, even when the environ-
ment is ideal. Various treatments are performed on
the seed to break dormancy and begin germination.

Seed Scarification

Seed scarification involves breaking, scratching, or
softening the seed coat so that water can enter and
begin the germination process. There are several
methods of scarifying seeds.

» Acid scarification. Put seeds in a glass container
and cover them with concentrated sulfuric acid.
Gently stir the seeds and soak them anywhere
from 10 minutes to several hours depending on
the hardness of the seed coat. When the seed
coat thins, remove, wash, and plant the seeds.

* Mechanical scarification. File seeds with a metal
file, rub them with sandpaper, or crack them with
a hammer to weaken the seed coat.

* Hot water scarification. This involves putting the
seed into hot water (170°F-212°F). The seeds are
allowed to soak in the water, as it cools, for 12-24
hours and then planted.

* Warm, moist scarification. In this case, seeds
are stored in nonsterile, warm, damp containers
where the seed coat will be broken down by de-
cay over several months.

Seed Stratification

Seeds of some fall-ripening trees and shrubs

of the temperate zone will not germinate unless
chilled underground as they overwinter. This “after-
ripening” may be accomplished artificially by a
practice called stratification.

The following procedure is usually successful. Put
sand or vermiculite in a clay pot to about 1inch from
the top. Place the seeds on top of the medium and cov-
er with 2 inch of sand or vermiculite. Wet the medium
thoroughly and allow excess water to drain through
the hole in the pot. Place the pot containing the moist
medium and seeds in a plastic bag and seal. Place the
bag in a refrigerator (not freezer). Periodically check

to see that the medium is moist, but not wet. Addition-
al water will probably not be necessary. After 10-12
weeks, remove the bag and pot from the refrigerator.
Remove the bag and set the pot in a warm place in the
house. Water often enough to keep the medium moist.
Soon the seedlings should emerge. When the young
plants are about 2 inches tall, transplant them into pots
to grow until it is time to set them outside.
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Another procedure for starting seeds uses sphag-
num moss or peat moss. Wet the moss thoroughly,
then squeeze out the excess water with your hands.
Mix seed with the sphagnum or peat and place in a
plastic bag. Seal the bag and put it in a refrigerator.
Check periodically. If there is condensation on the in-
side of the bag, the process will be successful. After
10-12 weeks, remove the bag from the refrigerator.
Plant the seeds in pots to germinate and grow. Han-
dle seeds carefully. Often the small roots and shoots
are emerging at the end of the stratification period.
Care must be taken not to break these off.

Temperatures in the range of 35°F-45°F are effec-
tive for stratification. Most refrigerators operate in

this range. Seeds of most fruit and nut trees can be
successfully germinated by these procedures. Seeds
of peaches should be removed from the hard pit. Care
must be taken when cracking the pits. Any injury to the
seed itself can be an entry path for disease organisms.

STARTING SEEDS

Media

A wide range of materials can be used to start seeds,
from plain vermiculite or mixtures of soilless media
to the various amended soil mixes. With experience,
you will learn to determine what works best under
your conditions. However, keep in mind what makes
a good germinating medium. It should be rather fine
and uniform, yet well aerated and loose. It should be
free of insects, disease organisms, and weed seeds.
It should also be of low fertility or total soluble salts
and capable of holding and moving moisture by
capillary action. One mixture that supplies these
factors is a combination of ¥/ sterilized soil, V3 sand
or vermiculite or perlite, and 3 peat moss. Do not
use garden soil by itself to start seedlings; it is not
sterile, it is often too heavy, and it will not drain well.

The importance of using a sterile medium and con-
tainer cannot be overemphasized. The home garden-
er can treat a small quantity of soil in an oven. Place
the slightly moist soil in a heat-resistant container
in an oven set at about 250°F. Use a candy or meat
thermometer to ensure that the mix reaches a tem-
perature of 180°F for 30 minutes. Avoid overheat-
ing as this can be extremely damaging to the soil.
Be aware that the soil will release very unpleasant
odors in the process of sterilization. This treatment
should prevent damping-off and other plant diseas-
es, as well as eliminate potential plant pests.

An artificial, soilless mix also provides the desired
qualities of a good germination medium. The basic
ingredients of such a mix are sphagnum peat moss
and vermiculite, both of which are generally free of
diseases, weed seeds, and insects. The ingredients
are also readily available, easy to handle, lightweight,
and produce uniform plant growth. “Peat-lite” mixes
or similar products are commercially available or

can be made at home using this recipe: 4 quarts

of shredded sphagnum peat moss, 4 quarts of fine
vermiculite, 1 tablespoon of superphosphate, and 2
tablespoons of ground limestone. Mix thoroughly.
These mixes have little fertility, so seedlings must be
watered with a diluted fertilizer solution soon after
they emerge.

Containers

Flats and trays can be purchased or you can make
your own from scrap lumber. A convenient size

to handle would be about 12-18 inches long and

12 inches wide with a depth of about 2 inches.
Leave cracks of about 1/8 inch between the boards
in the bottom or drill a series of holes to ensure
good drainage.

You can also make your own containers for starting
seeds by recycling such things as cottage cheese
containers, the bottoms of milk cartons, or bleach
containers and pie pans, as long as good drainage is
provided. Wash growing containers and implements
to remove any debris, then rinse in a solution of one
part chlorine bleach to nine parts water. At least
one company has developed a form for shaping
newspaper into pots and another has developed

a method for the consumer to make and use
compressed blocks of soil mix instead of pots.

Clay or plastic pots can be used and numerous
types of pots made of compressed peat are also on
the market. Plant bands and plastic cell packs are
also available. Each cell or minipot holds a single
plant that reduces the risk of root injury when
transplanting. Peat pellets, peat or fiber-based
blocks, and expanded foam cubes can also be used
for sowing.

Seeding

The proper time for sowing seeds for transplants
depends upon when plants may safely be moved
out-of-doors in your area. This period may range from
4-12 weeks before transplanting, depending upon
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the speed of germination, the rate of growth, and

the cultural conditions provided. A common mistake
is to sow the seeds too early and then attempt to
hold the seedlings back under poor light or improper
temperature ranges. This usually results in tall, weak,
spindly plants that do not perform well in the garden.

After selecting a container, fill it to within 3/4 inch

of the top with moistened growing medium. For very
small seeds, at least the top 1/4 inch should be a

fine, screened mix or a layer of vermiculite. Firm the
medium at the corners and edges with your fingers or
a block of wood to provide a uniform, flat surface.

For medium and large seeds, make furrows 1-2
inches apart and Vs-to Y4-inches deep across the
surface of the container using a narrow board or pot
label. By sowing in rows, good light and air movement
results, and if damping-off fungus does appear,
there is less chance of it spreading. Seedlings in
rows are easier to label and handle at transplanting
time than those that have been sown in a broadcast
manner. Sow the seeds thinly and uniformly in the
rows by gently tapping the packet of seed as it is
moved along the row. Lightly cover the seed with dry
vermiculite or sifted medium if it requires darkness
for germination. A suitable planting depth is usually
about two to three times the diameter of the seed.

Do not plant seeds too deeply. Extremely fine seeds
such as petunia, begonia, and snapdragon are

not covered, but lightly pressed into the medium

or watered in with a fine mist. If these seeds are
broadcast, strive for a uniform stand by sowing half
the seeds in one direction, then sowing the remaining
seed in the other direction to form a crossed pattern.

Large seeds are frequently sown into a small con-
tainer or cell pack that eliminates the need for early
transplanting. Usually two or three seeds are sown
per unit and later thinned to allow the strongest
seedling to grow.

Seed Tape

Most garden stores and seed catalogs offer indoor
and outdoor seed tapes. Seed tape has precisely
spaced seeds enclosed in an organic, water-soluble
material. When planted, the tape dissolves and the
seeds germinate normally. Seed tapes are especially
convenient for tiny, hard-to-handle seeds. However,
tapes are much more expensive per seed. Seed tapes
allow uniform emergence, eliminate overcrowding,
and permit sowing in perfectly straight rows. The

tapes can be cut at any point for multiple-row
plantings and thinning is rarely necessary.

A homemade “seed tape” can be fashioned from two-
ply toilet paper and paste made with flour and water.
Separate the two paper layers, then use a toothpick
with a dab of flour paste on it to pick up and place
seeds on one of the paper layers. Once all seeds are
placed, put the two layers back together while the
paste is still wet and roll the “tape” up for later use.
The toilet paper, once covered with soil, will rapidly
decay, leaving no trace.

Pregermination

Another method of starting seeds is pregermination.
This method involves sprouting the seeds before they
are planted in pots or in the garden. This reduces the
time to germination, as the temperature and moisture
are easy to control. A high percentage of germination
is achieved since environmental factors are optimum.

Lay seeds between two paper towels or on a layer of
vermiculite in a shallow pan. Keep them moist and in
a warm place. When roots begin to show, place the
seeds in containers or plant them directly into the
garden. While transplanting seedlings, be careful
not to break off tender roots. Continued attention to
watering is critical.

When planting seeds in a container that will be set
out in the garden later, place one seed in a 2-to
3-inch container. Plant the seeds at only one-half
the recommended depth. Gently press a little soil
over the sprouted seed and then add about 1/4 inch
of milled sphagnum peat or sand to the soil surface.
These materials will keep the surface uniformly
moist and are easy for the shoot to push through.
Keep the seedlings in a warm place and care for
them as for any other newly transplanted seedlings.

A convenient way to plant small, delicate,
pregerminated seeds is to suspend them in a gel.
You can make a gel by blending cornstarch with
boiling water to a consistency that is thick enough
so the seeds will stay suspended. Be sure to cool
thoroughly before adding seeds. Place the gel with
seedlings in a plastic bag with a hole in it. Squeeze
the gel through the hole along a premarked garden
row. Spacing of seeds is determined by the number
of seeds in the gel. If the spacing is too dense,

add more gel; if too wide, add more seeds. The gel
will keep the germinating seeds moist until they
establish themselves in the garden soil.
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Watering

After the seed has been sown, moisten the planting
mix thoroughly. Use a fine mist or place the
containers in a pan or tray that contains about 1inch
of warm water. Avoid splashing or excessive flooding,
which might displace small seeds. When the planting
mix is saturated, set the container aside to drain. The
soil should be moist but not wet.

Ideally, seed flats should remain sufficiently moist
during the germination period without having to add wa-
ter. One way to maintain moisture is to slip the whole flat
or pot into a clear plastic bag after the initial watering.

The plastic should be at least 1inch from the soil.
Placing a popsicle stick or pencil in the middle of the
flat will hold the plastic off the soil and plants. Keep
the container out of direct sunlight, otherwise the
temperature may rise to the point where the seeds
will be harmed. Many home gardeners cover their
flats with panes of glass instead of using a plastic
bag. Be sure to remove the plastic or glass cover as
soon as the first seedlings appear. Surface watering
can then be practiced.

Lack of uniformity, overwatering, or drying out are
problems related to manual watering. Excellent
germination and moisture uniformity can be obtained
with a low-pressure misting system or subirrigation
(watering from below). Flats or pots must not sit in
water constantly as the soil may absorb too much
water and the seeds will rot due to lack of oxygen.

Temperature and Light

Several factors for good germination have already
been mentioned. The last item, and by no means the
least important, is temperature. Since most seeds
will germinate best at an optimum temperature that
is usually higher than most home night temperatures,
special warm areas must be provided. The use of
thermostatically controlled heating cables is an
excellent method of providing constant heat (see
Germination section on page 4-2).

After germination and seedling establishment,

move the flats to a light, airy, cooler location, at a
55°F-60°F night temperature and a 65°F-70°F

day reading. This will prevent soft, leggy growth

and minimize disease. Some crops, of course, may
germinate or grow best at a different constant
temperature and must be handled separately from
the rest of the plants. Read as much as you can about
the plants you are trying to grow.

Seedlings must receive bright light after germination.
Place them in a window facing south, if possible.

If a large, bright window is not available, place the
seedlings under a fluorescent light. Use two 40-watt,
cool-white fluorescent tubes or special plant growth
lamps. Position the plants 6-8 inches from the tubes
and keep the lights on for 14-16 hours each day. As
the seedlings grow, the lights should be raised.

TRANSPLANTING AND HANDLING

If the plants have not been seeded in individual
containers, they must be transplated to give them
proper growing space. One of the most common
mistakes made is leaving the seedlings in the seed
flat too long. The ideal time to transplant young
seedlings is when they are small as there is less
danger from transplant shock. This is usually about
the time the first true leaves appear above or
between the cotyledons (the cotyledons sometimes
called “seed leaves” are not true leaves). Avoid
letting plants get hard, stunted, or tall and leggy.

Seedling growing mixes and containers can be
purchased or prepared similar to those mentioned
for germinating seed. The medium should contain
more plant nutrients than a germination mix.
Some commercial soilless mixes have fertilizer
already added. When fertilizing, use a soluble
houseplant fertilizer at the rate recommended

by the manufacturer, about every 2-3 weeks
after the seedlings are established. Remember
that young seedlings can easily be damaged by
too much fertilizer, especially if they are under
moisture stress.

To transplant, carefully dig up the small plants with a
knife or wooden plant label. Let the group of seed-
lings fall apart and pick out individual plants. Gently
ease them apart in small groups that will make it
easier to separate individual plants. Avoid tearing
roots in the process. Handle small seedlings by their
leaves, not by their delicate stems. Punch a hole in
the medium into which the seedling will be planted.
Make it deep enough so that the seedling can be put
at the same depth it was growing at in the seed flat.

After planting, firm the soil and water gently. Keep
newly transplanted seedlings in the shade for a
few days, or place them under fluorescent lights.
Keep them away from direct heat sources. Continue
watering and fertilizing as in the seed flats.
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Most plants transplant well and can be started
indoors, but a few plants are difficult to transplant.
These are generally directly seeded outdoors or
sown directly into individual containers indoors.
Examples include zinnias and cucurbits, such as
melons and squash.

Containers for Transplanting

There is a wide variety of containers from which to
choose for transplanting seedlings. These containers
should be economical, durable, and make good use
of space. The type selected will depend on the type
of plant to be transplanted and individual growing
conditions. Small plastic pots may be used, but they
waste a great deal of space and may not dry out
rapidly enough for the seedling to have sufficient
oxygen for proper development.

Many types of containers are available commercially.
Those made out of pressed peat can be purchased

in varying sizes. Individual pots are inexpensive and
can be planted directly into the garden. When setting
out plants grown in peat pots, be sure to cover

the pot completely. If the top edge of the peat pot
extends above the soil level, it may act as a wick and
draw water away from the soil and roots. To avoid
this, tear off the top lip of the pot and then plant.

Compressed peat pellets, when soaked in water,
expand to form compact, individual pots. They waste
no space, don’t fall apart as badly as peat pots, and
can be set directly out in the garden.

In addition, many homeowners find a variety

of materials from around the house to use for
containers. These homemade containers should
be deep enough to provide adequate soil and have
plenty of drainage holes in the bottom.

Hardening Plants

Hardening off is the process of altering the

quality of plant growth to withstand the change in
environmental conditions that occurs when plants
are transferred from a greenhouse to the garden.
Severe sunscald or a stoppage in growth may occur
if plants produced in the home are planted outdoors
without a transition period. Hardening off is most
critical with early crops, when adverse climatic
conditions can be expected.

Hardening off can be accomplished by gradually
lowering temperature and relative humidity and
reducing water. This procedure results in an

accumulation of carbohydrates and a thickening of
cell walls. A change from a soft, succulent type of
growth to a firmer, harder type occurs.

This process should be started at least 2 weeks
before planting in the garden. If possible, plants
should be moved to a 45°F-50°F temperature
either indoors or outdoors in a shady location. A
cold frame is excellent for this purpose. When put
outdoors, plants should be shaded, then gradually
moved into sunlight. Start with a 15-to 20-minute
exposure. Each day, gradually increase the length
of exposure time to outside temperatures. Don’t put
tender seedlings outdoors on windy days or when
temperatures are below 45°F.

Reduce the frequency of watering to slow their
growth, but don’t allow plants to wilt. Even cold-hardy
plants will be hurt if exposed to freezing temperatures
before they are hardened. After proper hardening,
however, they can be planted outdoors and light frosts
will not damage them.

The hardening-off process is intended to slow

plant growth. If carried to the extreme of actually
stopping plant growth, significant damage can be
done to certain crops. For example, cucumbers and
melons will stop all growth, while cauliflower will
make thumb-size heads and fail to develop further if
hardened too severely.

Asexual Propagation

Asexual propagation is the best way to maintain
some species, particularly an individual that best
represents that species. Clones are groups of plants
that are identical to their parent or mother plant. The
Bartlett pear (1770) and the Delicious apple (1870)
are two examples of clones that have been asexually
propagated for many years. The major methods of
asexual propagation are cuttings, layering, division,
and budding/grafting. Cuttings involve rooting a
severed piece of the parent plant; layering involves
rooting a part of the parent plant and then severing
it later; and budding and grafting is joining two plant
parts from different varieties.

CUTTINGS

Many types of plants, both woody and herbaceous,
are frequently propagated by cuttings. A cutting is a
vegetative plant part that is severed from the parent
plant in order to regenerate itself, thereby forming a
whole new plant.
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Take cuttings with a sharp blade to reduce injury to
the parent plant. Before using the knife to cut, dip the
cutting tool into rubbing alcohol and allow it to dry or
use a mixture of one part bleach to nine parts water
to disinfect the blade and to prevent transmitting
diseases. Remove flowers and flower buds from
cuttings to allow the cutting to use its energy and
stored carbohydrates for root and shoot formation
rather than fruit and seed production.

To hasten rooting, increase the number of roots, or to
obtain uniform rooting (except on soft, fleshy stems),
use a rooting hormone, preferably one containing

a fungicide. Prevent possible contamination of the
entire supply of rooting hormone by putting a small
amount in a separate container for immediate use. Do
not dip cuttings directly into the original container.

If hormone powder is used, only a very light coating is
necessary. Tap off any excess onto a sheet of paper.

Insert cuttings into a rooting medium such as coarse
sand, vermiculite, sterilized soil, water, or a mixture of
peat and perlite. A pencil can be used to make a hole
in the medium for easier insertion and to prevent the
removal of hormone powder from the cut surface.

It is important to choose the correct rooting medium

to get optimum rooting in the shortest time. In general,
the rooting medium should be sterile, low in fertility,
drain well enough to provide oxygen, and retain enough
moisture to prevent water stress. Moisten the medium
before inserting cuttings and keep it evenly moist while
cuttings are rooting and forming new shoots. Place
stem and leaf cuttings in indirect light. Root cuttings
can be kept in the dark until new shoots appear.

Stem Cuttings

Numerous plant species are propagated by stem
cuttings (Table 2). Some can be taken at any time of
the year, but stem cuttings of many woody plants
must be taken during the fall or in the dormant
season. Tip, medial, cane, single and double eye, and
heel are all examples of stem cuttings.

Tip cuttings. Detach a 2-to 4-inch piece of stem with
two or three nodes, including the terminal bud. Make
the bottom cut 1/4 inch below a node. Remove lower
leaves from the cutting that would be in contact

with the medium. Dip the stem in rooting hormone if
desired. Gently tap the end of the cutting to remove
excess hormone. Insert the cutting deeply enough
into the media to support itself (about halfway).

At least one node must be below the surface.

Medial cuttings. Make the first cut just above a node,
and the second cut just below another node 2-4 inch-
es down the stem. The terminal bud is not necessary
for this kind of stem cutting. Prepare and insert the
cutting as you would a tip cutting. Be sure to position
right side up. Axial buds are always above leaves.

TIP CUTTING

MEDIAL CUTTINGS

Cane cuttings. Cut cane-like stems into sections con-
taining one or two “eyes” or nodes. Dust ends with fun-
gicide or activated charcoal. Allow to dry several hours.
Lay horizontally with about half of the cutting below
the media surface, eye facing upward. Cane cuttings
are usually potted when roots and new shoots appear.
This method is used with dumb cane (Dieffenbachia).

Single eye cuttings. The eye refers to the node. This
is used for plants with alternate leaves when space
or stock material are limited. Cut the stem about "2
inch above and Yz inch below a node. Place cutting
horizontally or vertically in the medium.

Double eye cuttings. This is used for plants with
opposite leaves when space or stock material is
limited. Cut the stem about 2 inch above and %z inch
below the same node. Insert the cutting vertically in
the medium with the node just touching the surface.

Heel cuttings. This method uses plant material
with woody stems. Make a shield-shaped cut about
halfway through the wood around a leaf and axial
bud. Insert the shield horizontally into the medium.

HEEL CUTTING

ry s

SINGLE EYE CUTTING

CANE CUTTING

DOUBLE EYE CUTTING
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Table 2. Selected herbaceous plants that can be propagated from cuttings.

Scientific name

Approximate time to root

Type of cutting (weeks)*

Common nhame

African violet Saintpaulia spp. leaf 3-4
Aluminum plant Pilea spp. stem 2-3
Aloe Aloe spp. leaf 4-6
Aphelandra Aphelandra sp. stem 2-3
Arrowhead plant Syngonium podophyllum stem 2-3
stem 2

e SRR R (fibrous rooted) whole leaf
or leaf section (Rex) 4-5
Cephalocereus senilis stem 3-4

Cactus

Opuntia microdasys stem 3-4
Chrysanthemum Chrysanthemum spp. stem 1-2
Carnation Dianthus spp. stem 2-3
Coleus Coleus blumei stem 1-2
Crown of thorns Euphorbia splendens stem 4-5
Dahlia Dahlia spp. stem or leaf bud 3-4
Dieffenbachia (dumb cane) Dieffenbachia spp. stem 4-6
Dracaena Dracaena spp. stem 3-4
Echeveria Euphorbia spp. stem 4-6
Fittonia Fittonia spp. stem 2-3
Fuchsia Fuchsia spp. (also hybrids) stem 1-2
Geranium Pelargonium spp. stem 1-2
Hoya Hoya spp. stem 3-4
Hydrangea Hydrangea spp. stem 2-3
Impatiens Impatiens spp. stem 2-3
vy several genera and species stem 2-3
Jade Crassula spp. stem or leaf 4-5
Kalanchoe (bryophyllum) Kalanchoe spp. stem or leaf 4-5
Lantana Lantana sp. stem 3-4
(Swis;\/’:k?:ézreaplan t Monstera deliciosa stem 4-5
Mint Mentha spp. stem 2-3
Peperomia sp. leaf, leaf bud or stem 4-6
Peperomia P. obtusifolia leaf bud or stem 4-6
P. obtusifolia variegata leaf bud or stem 4-6
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Table 2. (cont’d).

Scientific name

Type of cutting Approximate time to root

Common nhame

Periwinkle (myrtle)

Vinca spp.
Petunia Petunia hybrids

Philodendron Philodendron spp.

Piggyback plant Tolmiea menziesii
Pothos Scindapsus aureus
Poinsettia Euphorbia pulcherrima

Sansevieria (snake plant) Sansevieria spp.

Velvet plant Gynura spp.

Tradescantia spp.

Wandering jew e ——

(weeks)*
stem 3-4
stem 2-3
stem 2-4
leaf with plantlet 3-4
stem 2-3
stem 2-3
leaf, leaf section 4-6
stem 1-2
stem 2-3

*The indicated time for rooting is only approximate and may be longer under some conditions. Where new shoots must develop in addition
to roots, the time required for shoot development is often longer. Source: Propagating Herbaceous Plants from Cuttings, PNW 151.

Leaf Cuttings

Leaf cuttings are used almost exclusively for a few
indoor houseplants. Leaves of most other plants
will either produce a few roots but no plant, or they
just decay. Covering leaf cuttings with a plastic bag
will maintain moisture in the medium and humidity
around the cutting.

Whole leaf with petiole. Detach the leaf and up to
12 inches of petiole. Insert the lower end of the
petiole into the medium. One or more new plants
will form at the base of the petiole. The leaf may be
severed from the new plants when they have their
own roots and the petiole reused. This method is
used for African violets.

Whole leaf without petiole. This is used for plants
with sessile leaves. Insert the cutting vertically into the
medium. A new plant will form from the axillary buds.
The leaf may be removed when the new plant has its
own roots. This method is used with jade plants.

WHOLE LEAF
WITH PETIOLE

WHOLE LEAF
WITHOUT PETIOLE

Split vein. Detach a leaf from the stock plant. Slit its
veins on the lower leaf surface. Lay and pin the cut-
ting, lower side down, on the medium. New plants will
form at each cut. If the leaf tends to curl up, hold it in
place by covering the margins with the rooting medi-
um. This method is used with Rex begonias. A plastic
bag around the container and leaf will help keep the
leaf from drying out.

Leaf sections. This method is frequently used with snake
plant (Sansevieria) and Rex begonias. Cut begonia leaves
into wedges with at least one main vein. Lay leaves flat
on the medium. A new plant will arise at the vein.

Cut snake plant leaves into 2-inch sections. Consis-
tently make the lower cut slanted and the upper cut
straight so you can tell which is the top. Insert the
cuttings vertically into the medium. Eventually a new
plant will appear at the base of the cutting. These
and other succulent cuttings will rot if kept too moist.
No plastic bag is needed around succulents.

g7 Wiy

SPLIT VEIN LEAF SECTION
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Root Cuttings

Root cuttings are usually taken from 2-to 3-year-old
plants during their dormant season when they have
a large carbohydrate supply. Root cuttings of some
species produce new shoots, which then form their
own root systems, while root cuttings of other plants
develop root systems before producing new shoots.

Plants with large roots. Make a straight top cut and

a slanted cut 2-6 inches below the first cut. This will
help you determine what portion is the top. Store about
3 weeks in moist sawdust, peat moss, or sand at 40°F.
Remove from storage. Insert the cutting vertically with
the top approximately level with the surface of the
rooting medium. This method is often used outdoors.

Plants with small roots. Take a 2-to 3-inch section
of root. Insert the cutting horizontally about 2 inch
below the medium surface. This method is usually
used indoors or in a hotbed.

PLANTS WITH
SMALL ROOTS
PLANTS WITH
LARGE ROOTS
LAYERING

Stems still attached to their parent plants may form
roots where they touch a rooting medium. Severed
from the parent plant later, the rooted stem becomes
a new plant. This method of vegetative propagation,
called layering, promotes a high success rate
because it prevents water stress and the loss of
carbohydrate shortage that plagues cuttings.

Some plants layer themselves naturally, but
sometimes plant propagators assist the process.
Layering is enhanced by wounding one side of the
stem or by bending it very sharply.

Tip Layering

Dig a hole 3-4 inches deep. Insert the shoot tip and
cover it with soil. The tip grows downward first, then
bends sharply and grows upward. Roots form at the
bend, and the recurved tip becomes a new plant.
Remove the tip layer from the mother plant and plant
it in early spring or fall. Examples: purple and black
raspberries and trailing blackberries.

TIP LAYERING

SIMPLE LAYERING

Simple Layering

Bend the stem to the ground. Cover part of it with
soil, leaving the last 6-12 inches exposed. Bend the
tip into a vertical position and stake it in place. The
sharp bend will often induce rooting, but wounding
the lower side of the branch may help. Examples:
rhododendron and honeysuckle.

Compound Layering

This method works for plants with flexible stems.
Bend the stem to the rooting medium as for simple
layering, but alternately cover and expose stem
sections. Wound the lower side of stem sections to
be covered. Examples: heartleaf philodendron and
pothos.

Mound (Stool) Layering

Cut the plant back to 1inch above the ground during
the dormant season. Mound soil over the emerging
shoots in the spring to enhance their rooting.
Examples: gooseberries and apple rootstocks.

Air Layering

Air layering is used to propagate some indoor plants
with thick stems or to rejuvenate them when they
become leggy. Make an upward slanting cut one-half
way through the stem just below a node. Hold the slit
open with a toothpick laid sideways or a bit of sphag-
num moss. Surround the wound with wet, unmilled

MOUND LAYERING

AIR LAYERING
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sphagnum moss. Wrap plastic or foil around the
sphagnum moss and tie it in place above and below
the wound. When roots pervade the moss, cut the
plant off below the root ball. Examples: dumb cane
and rubber tree.

NOTE

The following propagation methods can all be
considered types of layering, as the new plants form
before they are detached from their parent plants.

Stolons and Runners

A stolon is a horizontal, often fleshy stem that can
root and produce new shoots where it touches the
medium. A runner is a slender stem that originates in
a leaf axil and grows along the ground or downward
from a hanging basket, producing a new plant

at its tip. Plants that produce stolons or runners

are propagated by severing the new plants from
their parent stems. Plantlets at the tips of runners
may be rooted while still attached to the parent or
detached and placed in a rooting medium. Examples:
strawberry and spider plant.

STOLONS AND RUNNERS

OFFSETS

Offsets

Plants with a rosetted stem often reproduce by
forming new shoots at their base or in leaf axils.
Sever the new shoots from the parent plant after
they have developed their own root system. Unrooted
offsets of some species may be removed and placed
in a rooting medium. Some of these must be cut off,
while others may simply be lifted off of the parent
stem. Examples: date palm, haworthia, bromeliads,
and many cacti.

Separation
Separation is a term applied to a form of propagation
by which plants that produce bulbs or corms multiply.

Bulbs. New bulbs form beside the originally planted
bulb. Separate these bulb clumps every 3-5 years
for largest blooms and to increase bulb number. Dig
up the clump after the leaves have withered. Gently
pull the bulbs apart and replace them immediately
so that their roots can begin to develop. Small, new
bulbs may not flower for 2 or 3 years, but large
ones should bloom the first year. Examples: tulip
and narcissus.

Corms. A large new corm forms on top of the old
corm and tiny cormels form around the large corm.
After the leaves wither, dig up the corms and allow
them to dry in indirect light for 2 or 3 weeks. Remove
the cormels, then gently separate the new corm from
the old corm. Dust all new corms with a fungicide and
store in a cool place until planting time. Examples:
crocus and gladiolus.

SEPARATION CORMS

DIVISION

Plants with more than one rooted crown may be
divided and the crowns planted separately. If the
stems are not jointed, gently pull the plants apart. If
the crowns are united by horizontal stems, cut the
stems and roots with a sharp knife to minimize injury.
Divisions of some outdoor plants should be dusted
with a fungicide before they are replanted. Examples:
snake plant, iris, prayer plant, and day lilies.

Most perennials left in the same place for more than
3 years are likely to be overgrown, overcrowded, have
dead or unsightly centers, and in need of basic feed-
ing and soil amendment. The center of the clump will
grow poorly, if at all, and the flowers will be sparse.
The clump will deplete the fertility of the soil as the
plant crowds itself.

To divide mature clumps of perennials, select
only vigorous side shoots from the outer part of
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DIVISION

the clump. Discard the center of the clump. Divide
the plant into sections of three to five shoots each. Be
careful not to overdivide; too small a section will not
give much color the first year after replanting.

Divide perennials when the plants are dormant, just
before a new season of growth, or in the fall so they
can become established before the ground freezes.

GRAFTING

Grafting and budding are methods of asexual plant
propagation that join plant parts so they will grow as
one plant. These techniques are used to propagate
cultivars that will not root well as cuttings or whose
own root systems are inadequate. One or more new
cultivars can be added to existing fruit and nut trees
by grafting or budding.

The portion of the cultivar that is to be propagated
is called the scion. It consists of a piece of shoot
with dormant buds that will produce the stem and
branches. The rootstock or stock provides the new
plant’s root system and sometimes the lower part
of the stem. The cambium is a layer of cells located
between the wood and bark of a stem from which
new bark and wood cells originate.

Four conditions must be met for grafting to be
successful:

1. The scion and rootstock must be compatible.
Each must be at the proper physiological stage.

3. The cambial layers of the scion and stock
must meet.

4. The graft union must be kept moist until the
wound has healed.

Cleft grafting. Cleft grafting is often used to change
the cultivar or top growth of a shoot or a young tree
(usually a seedling). It is especially successful if
done in the early spring. Collect scion wood 35 -%5
inch in diameter. Cut the limb or small tree trunk off

at the area that it is to be reworked. Make a 2-inch
vertical cut through the center of the limb or trunk.
Be careful not to tear the bark. Keep this cut wedged
apart. Cut the lower end of each scion piece into a
wedge. Prepare two scion pieces 3-4 inches long.
Insert the scions at the outer edges of the cut in the
stock. Tilt the top of the scion slightly outward and
the bottom slightly inward to be sure the cambial
layers of the scion and stock touch. Remove the
wedge propping the slit open and cover all cut
surfaces with grafting wax.

Veneer or bark grafting. Unlike most grafting meth-
ods, bark grafting can be used on large limbs, al-
though these are often infected before the wound can
completely heal. Collect scion wood 3s-to V2-inches

in diameter when the plant is dormant and store the
wood wrapped in moist paper in a plastic bag in the
refrigerator. Saw off the limb or trunk of the rootstock
to be worked. In the spring, when the bark easily sep-
arates from the wood, make a 1-to 2-inch diagonal cut
on one side of the scion, and a 1 ¥2-inch diagonal cut
on the other side. Leave two buds above the longer
cut. Slice through the bark of the stock cutting a little
wider than the scion. Insert the scion between the
bark and wood with the longer cut against the wood.
Nail the graft in place with flat-headed wire nails.
Cover all wounds with grafting wax.

Whip or tongue grafting. This method is often used
for material 4 -2 inch in diameter. The scion and
rootstock are usually of the same diameter, but the
scion may be narrower than the stock. This strong

CLEFT GRAFT WITH BOTH
SCIONS INSERTED AT SLIGHT
ANGLES. ALL CUT SURFACES

SHOULD BE WAXED OVER.

CLEFT GRAFT
(CORRECT METHOD ON TOP;
INCORRECT METHOD BELOW)
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BARK GRAFT (ABOVE)
WHIP OR TONGUE GRAFT (RIGHT)

graft heals quickly and provides excellent cambial
contact. Make one 2V2-inch sloping cut at the top of
the rootstock and a matching cut on the bottom of
the scion. On the cut surface, slice downward into
the stock and up into the scion so the pieces will
interlock. Fit the pieces together, then tie and wax
the union.

Care of the Graft

Very little success in grafting will be obtained unless
proper care is maintained for the following year

or two. If a binding material such as strong cord

or nursery tape is used on the graft, this must be

cut shortly after growth starts to prevent girdling.
Rubber budding strips have some advantages over
other materials. They expand with growth and usually
do not need to be cut, as they deteriorate and break
after a short time. It is also an excellent idea to
inspect the grafts after 2 or 3 weeks to see if the wax
has cracked, and if necessary, rewax the exposed
areas. After this, the union will probably be strong
enough and no more waxing will be necessary.

Limbs of the old variety that are not selected for
grafting should be cut back at the time of grafting.
The total leaf surface of the old variety should

be gradually reduced as the new grafted variety
increases until at the end of 1 or 2 years, when the
new variety has completely taken over. Completely
removing all the limbs of the old variety at the time of
grafting will increase the shock to the tree and cause

Rootstock

PATCH BUD CHIP BUD

excessive suckering. Also, the scions may grow too
fast, making them susceptible to wind damage.

BUDDING

Budding or bud grafting is the union of one bud
(attached to a small piece of bark) from the scion
to the rootstock. It is especially useful when scion
material is limited. It is also faster and forms a
stronger union than grafting.

Patch Budding

Plants with thick bark should be patch budded. This
is done while the plants are actively growing, so their
bark slips easily. Remove a rectangular piece of bark
from the rootstock. Cut a matching rectangular piece
with a bud and piece of bark from the scion to cover
this wound. If the rootstock’s bark is thicker than that
of the scion, pare it down to meet the thinner bark

so that when the union is wrapped, the patch will be
held firmly in place.

Chip Budding

This budding method can be used when the bark is not
slipping. A downward cut is made at a 45° angle about
one quarter through the rootstock. About 1inch above
the first cut, a second cut is made slicing downward
and inward until it connects with the first cut. The cuts
removing the bud from the bud stick are made just as
those in the rootstock, except the lower cut is made
about % inch below a bud. Fit the bud chip to the stock
and wrap the union.
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T-Budding

This is the most commonly used budding
technique. When the bark is slipping,
make a vertical cut through the bark

of the rootstock, avoiding any buds on
the stock. Make a horizontal cut at the
top of the vertical cut (in a T shape) and
loosen the bark by twisting the knife at
the intersection. Remove a shield-shaped
piece of the scion, including a bud, bark,
and a thin section of wood. Push the
shield under the loosened stock bark.
Wrap the union, leaving the bud exposed. T-BUD

Care of Buds

Place the bud in the rootstock in August. Force the
bud to develop the following spring by cutting the
stock off 3-4 inches above the bud. The new shoot
may be tied to the resulting stub to prevent damage
from the wind. After the shoot has made a strong
union with the stock, cut the stub off close to the
budded area.

PLANT TISSUE CULTURE

Tissue culture is a mass of undifferentiated callus
tissue growing on an artificial medium, separately
from the plant from which it originated. Size
increases by cell division. After about 4-6 weeks, the
mass of cells is large enough to divide into sections
and reculture to produce additional tissue cultures.
This procedure is usually done in a laboratory or
under laboratory conditions.

A tissue culture can be started from a variety of
plant parts that have cells capable of dividing.
Usually tissues near the vascular area of stems

and roots proliferate best, but cultures have

been started from fruits, en-dosperm, pollen, and
embryos. To read more about this exciting method of
propagation, refer to books in your local library.

Chapter 4 published 1993. Revised 2008..
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SOILS AND
FERTILIZERS

Learning Objectives

- Understand pH

+ Understand what soil is and how it’s
formed

+ Understand texture and structure

and how they influence management

+ Understand the importance of
organic matter

- Understand aggregation and soil
pores

- Understand the role of soil life and
soil health

+ Understand how to incorporate soil
health principles in the garden

- Understand plant nutrients, their

functions and mobility

+ Understand how to take a soil

sample

+ Understand different fertilizer

sources

- Understand how to read a

fertilizer label

+ Understand fertilizer

application and timing

The Five Soil-Forming Factors

What is soil? Soil is basically weathered rock, the decaying remains of living
organisms — plants and animals — and microorganisms. Soil is also commonly
described as a medium for plant growth because it provides physical support and

nutrients for plants.

Have you ever noticed how soils can vary within a short distance as well as regionally?
Five soil-forming factors are at work on all soils and determine their physical and
chemical properties. Where all five factors are the same we can expect the soils

will be very similar. The following is a description of the soil-forming factors: parent
material, climate, topography, living organisms, and time.

PARENT MATERIAL

The term parent material refers to where the soil came from. The source of the soil
has a large influence on soil texture (particle size) and minerals present. Soil surveys



include the parent materials in the soil descriptions;
therefore, it is important to learn the common terms.

There are six basic types of parent material:

1.  Alluvium —Parent material that has been
transported by water, such as in floodplains
and washes.

2. Colluvium —Parent material that has been
transported by gravity (talus), such as in
toeslopes or debris at the base of a cliff.

3. Eolian—Parent material composed of sand-sized
particles that have been transported by the wind.

4. Loess (pronounced “luss”) —Parent material
composed of silt-sized particles that have been
transported by the wind. The Palouse area of
northern Idaho and eastern Washington is a good
example of a loess deposit.

5. Lacustrine and marine sediments — Parent mate-
rial that has been deposited by streams into fresh-
water lakes or ponds is lacustrine. Parent material
that has been deposited by oceans or seas, some-
times found in saltwater basins, is marine.

6. Residual/residuum —Parent material that has
weathered, in place, from the bedrock below.
These materials have not been transported.

CLIMATE

Temperature and precipitation are major factors
influencing the rate of weathering of a soil. They also
control the rate of chemical and physical processes.
Water is the medium by which things are moved into
and through a soil profile.

Less annual precipitation means that soluble
components, such as calcium carbonate (lime), will
accumulate, which is why soils in arid regions are
more alkaline. Conversely, soils in high-moisture
areas will have faster rates of leaching (removal)
of soluble components, which is why soils in humid
regions are more acidic.

TOPOGRAPHY

Topography includes both the gradient (steepness)
and the aspect (direction) of a slope. The gradient
influences how quickly water enters the soil or runs
off, which directly influences the amount of soil

loss or erosion. The aspect of the slope influences
the amount of solar radiation and temperature
fluctuations in the soil, which directly influences the
type of plants that will grow in the soil.

LIVING ORGANISMS (BIOTA)

Living organisms include plants, animals, and
microorganismes that live in and on the soil. Biota have
a significant impact on soil formation due to factors
such as nutrient cycling, production of organic
matter, and vegetative cover of the soil surface.
Human activities such as farming and construction
also impact the soil.

TIME

How “old” a soil is makes a difference in its
development. Soils are dynamic in that they are “a
work in progress,” constantly under the influence

of soil-forming factors. The older a soil is, the more
“developed” it is. Therefore, “young” soils are very
different from “old” soils chemically and physically.
An example of a young soil is new soil deposits from
a flood.

Each of the five soil-forming factors has a powerful
influence on the characteristics of a soil. This helps
explain why soils a very short distance apart can be
different. It takes a change in only one of the five soil-
forming factors to differentiate the classification of
one soil from another.

The consistency of the soil-forming factors is
demonstrated in a soil survey. Most soil surveys
are done by a county and they are a good source of
general soils information, including information on
climate and land-use suitability.

The first step in developing a soil survey is to gather
topographic data on the area to be surveyed. Lines
are drawn to delineate areas of similar slope and
major changes in vegetation are noted. Each delin-
eated area or mapping unit is then given a soil-clas-
sification designation or name. A soil scientist will
do fieldwork to verify a few of these mapping units.
Extrapolations can be made without field verification
because the soil-forming factors have such consis-
tent effects on soil characteristics.

Major Components of a
Mineral Soil

Only 48% of the soil is made up of minerals; the
other 52% is organic matter and pore space filled
with water or air (Figure 1). Water is the medium of
transport for nutrients to reach the plant roots. Air
is required for chemical processes in the plant roots
as well as for the microorganisms that live in the
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soil. Too much water can not only cause plants to die
but can kill microorganisms as well. Generally, the
mineral soils in Idaho have about 2% organic matter,
plus or minus 2%-3% in some areas of the state. That
2% organic matter affects the soil’s water-holding
capacity, soil structure, and fertility. Every bit of
organic matter counts.

There is a vast array of microorganisms living in the
soil. Microorganisms play a major role in nutrient
cycling — the retention and release of nutrients in
the soil. The main categories of microorganisms are
listed below, with a conservative estimate of their
concentration in soil:

+ Bacteria— 500 million per gram of soil
+ Actinomycetes —1-20 million per gram of soil

« Fungi—large variation up to 1 million per gram of
soil

+ Algae —up to 500,000 per gram of soil
+ Protozoa—up to 500,000 per gram of soil
- Nematodes — 50 or more per gram of soil

Have you ever noticed the smell of freshly tilled soil?
That is the smell of microorganisms at work!

50% Solids

50% Pore Space

25% Water

48% Mineral Matter

25% Air

2% Organic Matter

Figure 1. Major components of a mineral soil. The percent-
age will vary depending on the soil. Under wet conditions,
there is less air. Under dry conditions there is less water.

Soil Texture

The texture (particle size distribution) of a soil is
determined by the relative amounts of sand, silt, and
clay present. There are many possible combinations of
these particles and distinct textural classes to describe
all possible particle-size combinations or distributions.
See the soil texture triangle (Figure 2) to determine

the textural class of a particular soil. The three major
particle size classes are sand, silt, and clay.

SAND

Sand particles range in size from 2.0 to 0.02
millimeters (mm). Sand particles are the largest
particles in the soil. Any particle larger than the
sand particle (>2 mm) is considered part of the

rock fraction (gravel, stone, cobble, etc.), not part

of the soil. Sand particles provide the most stable
medium for engineering purposes. Sand particles
are relatively inactive chemically. The large spaces
between the particles (pore space) mean that water
and some nutrients cannot be retained very long and
readily move out of the soil profile. This is why sandy
soil is often referred to as a “droughty” soil.

SILT

Silt particles range in size from 0.02 to 0.002 mm.
Silt particles carry a very weak negative charge
and are capable of holding small amounts of plant
nutrients. Silty soils hold more water than sand and
water movement through silty soils is generally
slower. A good example of silt is talcum powder.

CLAY

Clay particles are smaller than 0.002 mm and there
are many types of clays. Clay particles carry negative
charges capable of attracting all positively charged
ions in the soil; as a consequence, clays attract posi-
tively charged plant nutrients. The very tiny, flat clay
particles lead to high water-holding capacity and can
result in slow movement of water through the soil. Al-
though there may be more total pore space in a given
volume of clay soil than in sandy soil, most of the pore
space in a clay soil will hold water. In contrast, most of
the pore space in sand is large so water moves through
rapidly rather than being held. Compaction can be a
problem in clay soils more so than in sandy soils.

TEXTURE AND SOIL MANAGEMENT
By knowing the texture of a soil and understanding
the influences of sand, silt, and clay on the soil, you
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Figure 2. Soil texture triangle.

can make inferences about the management of
that soil. Soils with a high sand content will need to
be watered more often than soils with a high clay
content. Soils with a high clay content have to be
watered less often or there is a risk of waterlogging
the soil.

A loam does not have equal percentages of the three
soil separates (sand, silt, and clay) but is influenced
by them equally. A loam has the characteristics of a
clay for water-and nutrient-holding capacities, while
the sand and silt provide pore space for air and water
movement. Notice that a small amount of clay can
strongly influence the soil texture class (Figure 2).

SOIL STRUCTURE

The arrangement of soil particles or aggregates is
referred to as soil structure. Soil structure is the
aggregation of sand, silt, and clay into shapes with
distinct sizes and strengths (Figure 3). Soil structure
provides additional pore space and open channels
for movement of water, nutrients, air, and plant roots.
Soil structure can give an indication of the age of the
soil, parent material, vegetation, and land use.

Soils that have organic matter and are properly
managed will have good soil structure. If soils
are cultivated when they are too wet, they can
become very compacted and lose structure until
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reaggregation occurs. Plant roots and the addition
of organic matter to the soil will help improve soil
structure or tilth (soil workability).

Organic Matter

Organic matter in soil is made up of the remains of
plants and animals. Residue from previous crops
must be broken down to provide soil fertility and
structure benefits. Moist and warm soil is ideal for
microbes to work at breaking down plant tissue.

Granular: Resembles cookie
crumbs usually less than 0.5
cm in diameter. Commonly
found in surface horizons
where roots have been growing.

Blocky: Irregular blocks
usually 1.0-5.0cmin
diameter.

Columnar: Vertical columns
of soil that have a salt “cap” at
the top. Found in soils of arid
climates.

Prismatic: Vertical columns
that might be a number of
centimeters long. Usually
found in lower horizons.

Platy: Thin, flat plates that
lie horizontally. Usually
found in compacted soil.

Single Grained: Individual
particles that do not stick to-
gether. Always accompanies a
loose consistence. Commonly
found in sandy soils.

Figure 3. Various types of soil structures.

The organic matter content of a soil is an important
factor related to overall productivity for the
following reasons:

« Contributes to well-structured soil

+ Is a source of three nutrients —nitrogen,
phosphorus, and sulfur

 Increases water-holding capacity
+ Increases soil aeration

+ Provides an energy source for soil
microorganisms (plants and animals)

Carbon:Nitrogen (C:N) Ratio

The carbon:nitrogen (C:N) ratio is an important
consideration whenever you add organic material to
your production system (Table 1). Plant residues and
manures are made up largely of the following:

« Sugars, starches, and simple proteins that
decompose rapidly

« Crude proteins

+ Hemicelluloses

+ Celluloses

 Lignin, fats, waxes, etc. that decompose slowly

Their rates of decay and release of nutrients to the
soil vary greatly, as do the demands of living soil
microorganisms as they “break down” plant residue.

In order to break down the carbon compounds in the
plant tissue, microorganisms consume N. If the C:N
ratio in the organic material is too high, greater than
25:1, there will be a net loss of N available for plant
growth in the short term because the microorganisms
will consume any N added with the organic material.
However, if the C:N ratio is low, less than 20:1, suffi-
cient N will be available to meet the microorganism’s
needs with some left over for plant growth. Thus or-
ganic material such as straw (C:N = 80:1) added to the
soil will need to have N added or the plants will suffer.

Table 1. Carbon:Nitrogen ratio of common organic
materials.

Wheat straw 80:1
Pine needles 90:1
Sawdust 625:1
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Soil/Water Relationships
WATER-HOLDING CAPACITY

One of the main functions of soil is to store
moisture and supply it to plants between rainfalls
or irrigations. Water in the soil is held in pores, the
spaces between soil particles. If the soil’'s water
content becomes too low, plants become stressed.

The water-holding capacity of a soil and the amount
of water available for plants to use are dependent

on the number and size of its pore spaces, which is
directly related to soil texture and organic matter
content. Water is held by the soil in various ways and
not all water in the soil is available to plants (Table 2).

Capillary water is held in pores that are small
enough to hold water against gravity but not so
tightly that roots cannot absorb it. This water occurs
as a film around soil particles and in the pores
between them and is the main source of moisture for
plants. As this water is withdrawn, the larger pores
drain first. The finer the pores, the more resistant
they are to removal of water. Capillary water can
move in all directions for several feet as the particles
and pores of the soil act like a wick.

When soil is saturated, all the pores are full of water
and the water that drains out of the soil in the first
few hours is called gravitational water. Gravitational
water is available to plants only for a short time.
When the gravitational water is gone, the soil is at
field capacity. Plants then draw water out of the
capillary pores until no more can be withdrawn and
the only water left is in the micropores. The soil is
then at the wilting point and if water is not added to
the soil the plants will die.

Table 2. Water-holding capacity of main soil texture
groups (inches per foot).

F|eld Wlltlng Available

Sand

Sandy Loam 2.5 1.3 1.2
Loam 3.6 1.8 1.8
Silt Loam 4.4 2.3 2.1
Clay Loam 4.6 2.6 2.0
Clay 47 2.8 1.9

Note: Figures are averages and vary with structure and organic matter.

A soil dominated by large particles (sand) has a lower
water-holding capacity than a soil dominated by
small particles (clay). Although a soil dominated by
fine particles can hold more water, that water is not
necessarily available (wilting point) because it takes
more energy for plants to remove the water from the
tiny pores.

WATER INFILTRATION RATE

Infiltration specifically refers to water movement
into the soil from the surface. The rate of infiltration
is measured in inches (or cm) per hour. The finer the
soil texture (more clay), the slower the infiltration
rate and vice versa. The infiltration rate of a soil will
determine how much and how often to apply water.
The infiltration rate also affects how much rainfall
or irrigation water will enter the soil or run off, which
relates to erosion hazard.

PERMEABILITY RATE

Permeability specifically refers to water movement
within and through the soil profile (after infiltration).
The permeability rate is the speed at which water
moves in the soil profile and like infiltration is
measured in inches (or cm) per hour. Soil compaction,
plow layers, hardpans, clay layers, rock, or changes in
soil texture all can influence the permeability rate of
the soil. When a homeowner seeks a permit to have
an on-site septic leach field, a “perc test” is required.
This is a test of the permeability rate of the soil. If
the rate is too slow then the site is not suitable for a
septic leach field.

SOIL COMPACTION

Compacted soils have low water infiltration/ perme-
ability rates. When the soil air spaces are compacted
there is less space for air and water. Compacted soils
also make root penetration and plant growth more
difficult. Compaction can best be avoided by keep-
ing heavy equipment off the soil when it has a high
moisture content. Soil compaction can be remedied
mechanically with deep tillage equipment.

WATER AND AIR

Under irrigated conditions, regulating the soil
water (moisture level) is an important management
consideration. Excessive soil moisture or saturated
conditions can be as harmful as limited-water
conditions. Soil pore space and soil temperature
are directly related to soil water content. For
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instance, a wet soil takes longer to warm up and
will have a greater incidence of fungal and bacterial
plant diseases.

Plant roots need oxygen and get it from the air in
the soil pore space. When a soil is saturated, water
displaces all the air in the pore space. If the wet
condition persists, plant roots will die from lack

of oxygen.

NUTRIENT LEACHING

Leaching can best be described as the “flushing” of
water and soluble nutrients out of the soil profile,
specifically, out of the plant root zone. Factors that
affect the rate of leaching in soils include:

+ Amount of rainfall/irrigation

+ Intensity (rate) of rainfall/irrigation

+ Soil texture

+ Quantity and type of clay minerals present

+ Amount of organic matter

SOLUBLE SALTS

Soluble salts are described in terms of soil salinity
and are measured by determining the electrical
conductivity of a soil extract. Salinity problems can
occur where there are excessive applications of
fertilizer, fresh manure, wood ash, or irrigation water
or in areas with high water evaporation. High soil
salinity is detrimental to plant growth.

pH

The term pH refers to the concentration of hydrogen
ions (H+) present in the soil. As the concentration

of H+ increases, the soil becomes more acidic. As
the concentration decreases, the soil becomes

more basic (alkaline). The pH scale is O (acidic) to 14
(alkaline). A pH of 7 is considered neutral. The pH
scale is logarithmic:

+ pH 8—10 times more alkaline than pH 7
* pH 7 —Neutral

+ pH 6 —10 times more acidic than pH 7

+ pH 5—100 times more acidic than pH 7

+ pH 4 —1,000 times more acidic than pH 7

Plant species have various adaptations to specific
acidic, neutral, or alkaline soil conditions. When
plants fail to thrive, even after a fertilizer application,
it may be an indication that there is a pH problem.

4.0 5.0 6.0 7.0 8.0 9.0

b e e

Fe Mn Zn Cu

VLIIIILII\LJ/_
BErmmeny e

Cl
U e . e
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T T
Acidic Ideal Range Alkaline

Figure 4. Relative availability of nutrients as affected

by soil pH. The bar width for each nutrient indicates its
relative availability to plants at a particular pH. The wider
the bar, the more available the nutrient.

When pH is too low, applied lime can raise the pH.
When pH is too high, applied sulfur can lower the
pH. The change will be only temporary, however.
Eventually, the soil pH will go back to what it was
originally if amendments are not applied regularly.
This ability of the soil to chemically revert to the
way it was is referred to as buffering capacity. A soil
that is high in clay content has a greater buffering
capacity and will require a larger quantity of an
amendment, such as lime, to change the pH. A sandy
soil will require less lime to change the pH.

Soil pH greatly affects the availability of nutrients in
the soil for plants to utilize. When pH is too acidic or
alkaline then nutrients become unavailable to plants
(Figure 4).

Plant Nutrients
ESSENTIAL NUTRIENTS

Plants obtain from the soil 14 of the 17 elements
essential to their growth. The other three elements —
carbon, hydrogen, and oxygen —come from the water
and from the air.

Macronutrients
Large quantities are required. Nitrogen generally
is for leaf or vegetative growth, phosphorus is for
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root and fruit production, and potassium is for cold
hardiness, disease resistance, and general durability.

Primary macronutrients
+ Nitrogen (N)

« Phosphorus (P or in fertilizers, designated as
phosphate, PO)

+ Potassium (K or in fertilizers, designated as
potash, K,0)

Secondary macronutrients
+ Calcium (Ca)

+ Magnesium (Mg)
+ Sulfur (S)

Micronutrients
Small quantities are required. Deficiencies in these
nutrients are less common.

+ Boron (B)

+ Iron (Fe)

+ Molybdenum (Mo)
+ Chlorine (Cl)

+ Copper (Cu)

- Manganese (Mn)
+ Zinc (Zn)

+ Nickel (Ni)

FUNCTIONS OF MACRONUTRIENTS
Nitrogen (N)

Nitrogen can be taken up by plants as ammonium
(NH,") or nitrate (NO,). Nitrogen is essential for the
synthesis of proteins. It is essential to chlorophyll,
which gives green color to plants; induces rapid
vegetative growth; increases yields of leaf, fruit, or
seed; improves the quality of leaf crops; increases
the protein content of food and feed crops; and feeds
soil microorganisms. Nitrogen tends to extend the
length of the plant’s maturity period, but too much
will cause plants to fall over.

Phosphorus (P)

Phosphorus plays an important role in the metabolic
processes of the cells such as cell division and
expansion, respiration, and photosynthesis. In
addition, P is important for early root growth and
development. Phosphorus is significant in plant
reproductive functions such as reducing the maturity
period and stimulating flowering and seed formation.
For some species, P improves winter hardiness.

Potassium (K)

Potassium is vital to water relations in the plant. It is
responsible for the movement of water in and out of
the guard cells that open and close the stomata and
the movement of water in and out of the plant leaf. It
also serves as a nutrient regulator; increases vigor,
strength, and disease resistance; makes stalks and
stems stronger; helps early roots form and grow; and
improves winter hardiness.

Sulfur (S)

As part of several amino acids, S is essential for
protein synthesis. It is also involved in nodule
formation and N fixation in legumes.

Calcium (Ca)

Calcium aids in the development of leaves and roots.
It is an essential part of the cell wall structure and
must be present for the formation of new plant cells.

Magnesium (Mg)

Magnesium is essential for photosynthesis because
it is the central atom in the chlorophyll molecule.
Magnesium is also involved in phosphate metabolism
and plant respiration and serves as an activator for
many plant enzymes required in growth processes.

FUNCTIONS OF MICRONUTRIENTS

The content of micronutrients in the soil is variable,
as is their availability to plants. Soil pH is a significant
factor in micronutrient availability. In very acidic soils,
micronutrients can be toxic to plants.

Boron (B)

Boron is probably the most commonly deficient
micronutrient. Boron is essential for germination

of pollen grains, growth of pollen tubes, and the
formation of seeds and cell walls. Boron may also be
involved in carbohydrate transport.

Chlorine (Cl)

Chlorine, usually as the chloride ion, is active in the
energy reactions of the plant, specifically in the
breakdown of water during photosynthesis. Chloride
is present in the stomatal guard cells that regulate
the loss of water from leaves through transpiration.
Chloride has also been linked to increased resistance
to fungal diseases in roots.

Copper (Cu)

Copper is necessary for chlorophyll production and
may play a part in vitamin A production. Copper is
also a component of several plant enzymes.
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Iron (Fe)

Iron is a catalyst of chlorophyll formation and acts as
a carrier of oxygen. It is also involved in the formation
of some respiratory enzymes.

Manganese (Mn)

Manganese is part of the enzyme systems and
metabolic reactions of the plant. It is also directly
involved in the synthesis of chlorophyll.

Molybdenum (Mo)

Molybdenum is required in the smallest quantity of
all the essential nutrients. Plants need it to use N,
particularly for N fixation in the root nodules found
on legumes.

Nickel (Ni)

Nickel is the most recent nutrient to be added to
the essential nutrient family. It is an important
component in N metabolism, particularly in the
conversion of urea to ammonia.

Zinc (Zn)

Zinc is necessary for the production of chlorophyll
and carbohydrates. Zinc is involved in the synthesis
of plant growth hormones and in some metabolic
reactions.

NOTE: Cobalt (Co) is not considered an essential
nutrient, but root-nodule-forming bacteria in legumes
need it for fixing N.

GENERAL NUTRIENT DEFICIENCY
SYMPTOMS

Nutrient deficiency symptoms are an indication of
severe starvation. A nutrient deficiency will limit
plant production before deficiency symptoms
actually show. Deficiency symptoms are sometimes
difficult to distinguish visually and may resemble
disease or insect problems.

General nutrient deficiency symptoms are
categorized here according to whether or not the
nutrient is translocated in the plant. Deficiencies of
translocated nutrients exhibit symptoms in the lower
or older leaves because the nutrients are mobilized
and moved to new, growing parts of the plant.

Translocated Nutrients
Nitrogen. Plants are light green in color; older leaves
yellow starting at the leaf tips.

Phosphorus. Plants are small and dark green with
purple coloration.

Potassium. Yellow or brown discoloration appears
along the outer margins of the older leaves.

Magnesium. Yellow discoloration occurs between the
leaf veins. Reddish-purple discoloration extends from
the outer edge of the leaf inward.

Nontranslocated Nutrients — Terminal Bud
Dies

Calcium. Primary leaf emergence is delayed and
terminal buds deteriorate.

Boron. Leaves near the growing point (meristem)
are yellow and buds look like white or light brown
dead tissue.

Nontranslocated Nutrients — Terminal Bud
Remains Alive

Sulfur. The whole leaf turns pale green to yellow
starting with the younger leaves.

Zinc. Distinctive yellowing appears between the
leaf veins; some plants show a broad band of
discoloration on each side of the midrib. The plant is
stunted and has short internodes.

Iron. Leaves are pale yellow or white between
leaf veins.

Manganese. Leaves are yellowish gray or reddish
gray with green veins.

Copper. Young leaves are pale yellow and/or are
wilted or withered; seedheads may not form.

Chlorine. Upper leaves wilt then yellow.

Molybdenum. Young leaves wilt and die along the
margins; older leaves yellow due to their inhibited
ability to utilize N.

Nickel — The Exception

Deficiency symptoms have not been observed

in field conditions, only in research settings, but
include yellowing of young leaves and the death of
meristem tissue.

Mulches

Mulch is any material, organic or inorganic, that is
spread upon the surface of the soil to protect it and
plant roots from the impact of raindrops, crusting,
freezing, and evaporation.

ORGANIC MULCHES

Organic mulches include grass clippings, hay,
straw, bark, sawdust, wood shavings, leaves, and
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newspapers. You can use almost any plant material
for mulching as long as it allows air and water to

penetrate to the soil below. Coarse-textured material,

such as coarse-textured hay, straw, wood shavings,
and chips, are more desirable than fine-textured
materials such as leaves, pine needles, and sawdust.
When using fine materials, loosen them occasionally
to keep them from sealing the soil surface.

INORGANIC MULCHES

Inorganic mulches include plastic films, mat-type
weed barriers, aluminum foil, and even old carpet.
Although inorganic mulches provide some of the
same benefits as organic mulches, they cannot be
incorporated into the soil at the end of the growing
season and must be removed where you plant
annual crops. Perforated plastic film or spun-bound
material, such as landscape cloth, allows water and
air to easily reach the soil.

SEASONAL MULCHES

A thin layer of mulch will conserve soil moisture and
2 or more inches of mulch will control most weeds.
Mulch effectiveness depends upon the material you
are using and the weed species to be controlled.

Summer Mulches

Use summer mulches to control weeds, reduce
water evaporation from the soil, stabilize water
temperature, and reduce fruit rot on bare soil.
Incorporate organic summer mulches in the fall to
improve soil structure.

Winter Mulches

Use winter mulches to reduce water loss from ever-
green plant tissue and to stabilize soil temperatures.
Stable soil temperatures will minimize soil heaving
caused by alternate freezing and thawing. Winter
mulch applied too early in the fall can cause more
winter injury than none at all.

PROBLEMS WITH MULCHES

Organic mulches, such as cereal grain straw, can
introduce weed seeds. The mulch may attract
rodents, insects, and other pests as an overwintering
site. Mulching too soon in the spring can prolong
cool soil temperatures, which will delay the growth
of warm-season crops. Material with a high C:N ratio
such as bark, wood shavings, sawdust, or straw may
temporarily reduce soil N available to plants unless
you incorporate additional N fertilizer into the soil.

Fertilizers

Fertilizer is defined as any substance added to the
soil or sprayed on plants as a foliar fertilizer to supply
one or more plant nutrients. Every mixed fertilizer or
individual material sold has a guaranteed analysis
written on the bag. The analysis gives the amounts

of available nitrogen (N), available phosphate (P,05),
and soluble potash (K;0), in that order. The three
numbers are always percentages by weight. Certain
secondary macronutrients and micronutrients may
also be included in the analysis.

Many brands and formulas of fertilizer are on the
market. Select a brand that supplies N, P,0s, and K,O
in approximately the same ratio your soil test indi-
cates. For example, if your test indicates you should
use 1 pound of N, 2 pounds of P,0Os, and 1 pound of
K50, the ratio indicated is 1-2-1. You could use a 10-20-
10, a 5-10-5, a 6-10-4, or an 8-17-7 analysis fertilizer.
All of these are in approximate 1-2-1 ratios.

FERTILIZER TERMINOLOGY

+ Mixed fertilizer — A fertilizer that contains two or
more of the macronutrients (N, P, K).

+ Complete fertilizer — A fertilizer that contains all
three macronutrients (N, P, K).

+ Incomplete fertilizer — A fertilizer that is missing
one or more of the major components found in a
complete fertilizer.

+ Grade — The guaranteed minimum analysis in
percent of plant nutrients in a fertilizer expressed
as total N, available P,0s, and soluble KO.

+ Chelates — The word chelate comes from the
Greek word for “claw.” Chelates are organic
substances or chemicals that act like claws and
help hold metal ions in solution in an available
form so that plants can absorb them. The
solubility of metals, particularly Cu, Fe, Mn, and
Zn, is greatly increased when they are held by
chelating agents.

+ Soil amendment — A substance added to the soil
to change its pH or physical properties. A common
example is the use of lime to increase soil pH.

NUTRIENT SOURCES AND
FERTILIZERTYPES

Common nutrient sources and contents of
fertilizers appear in Table 3.
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Table 3. Common sources and nutrient contents of fertilizers.

Nutrient content
of fertilizer
(% by weight)

Nutrient and source

Nitrogen (N)

Anhydrous ammonia (gas) 82
Ammonium nitrate 33-34
Ammonium sulfate (24% sulfur) 21
Urea 46
Urea-ammonium nitrate solution (UAN) 28-32
Sulfur-coated urea (slow release) 89
Monoammonium phosphate (MAP) 10-11
Diammonium phosphate (DAP) 18
Potassium nitrate 13
Calcium nitrate 15

Phosphorus (P,05)'

Normal or single superphospate

(NSP or SSP) 20
Conc_:entrated (CSP) 46
or triple superphosphate (TSP)

Monoammonium phosphate (MAP) 48-55
Diammonium phosphate (DAP) 46
Ammonium polyphosphates (APP) 40-70

Potassium (K,0)?

Potassium chloride 60-62
Potassium sulfate (SOP) 50
Potassium nitrate 44

Sulfate of potash-magnesia

(Sul-Po-Mag or K-Mag) 22

Calcitic limestone 32
Dolomitic limestone 22
Gypsum 22
Burned lime 60

Magnesium (Mg)

Dolomitic limestone 3-12

Magnesium oxide (magnesia) 55-60
Magnesium sulfate 9-20

Potassium-magnesium sulfate 1

Nutrient content

Nutrient and source of fertilizer

(% by weight)

Ammonium sulfate 24
Potassium sulfate 18
Gypsum 12-18
Magnesium sulfate 14
Borax 1
Boric acid 17
Potassium chloride 47
Copper sulfate 22
Copper ammonium phosphate 30

Iron sulfate 19-23
Iron chelate 5-14

Manganese (Mn)

Manganese sulfate 26-28
Manganese chelate 12
Ammonium molybdate 54
Molybdic acid 47

z
pd

Zinc sulfate 23-36

Zinc chelate 9-14

"Rock phosphate is the basic material used in all P fertilizer
production. Phosphate for use in fertilizers is either acid treated
or thermal processed. Acid treatment is the most important and
utilizes sulfuric and phosphoric acids.

2 Elemental K is not found in nature due to its chemical reactivity.
Potash (K,0) is the primary source of potassium for fertilizer use.
Potash is found beneath the surface in salt beds or in the brine of
salt lakes and seas. Many minerals contain potassium, but the most
important are sylvinite (20%-30% K,0) and langbeinite (23% K,0).

3 The primary source of S is soil organic matter.
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FERTILIZER APPLICATION AND TIMING

Fertilizer Timing

The timing of fertilizer application depends somewhat
on the type of fertilizer and the plant being fertilized.
In addition, soil texture determines application
frequency and the amounts to apply. For soils with
high sand content, the recommended fertilizer
application may need to be divided into smaller
quantities applied more frequently. The opposite is
true for soils with high clay content.

As a general rule, the best time to apply any nutrient
is close to the time the plant is growing the most and
thus needs the nutrients. This prevents environmen-
tal losses and the nutrient’s becoming unavailable in
the soil before the plants can use it. It is best to apply
foliar fertilizers when the weather is cool, but not
cold, and when there is adequate soil moisture.

Phosphorus, K, and lime can be applied in the fall
or as part of a tillage operation. It is important to
apply N early in the spring during the active growth
period. If your plants need a lot of N, it is best not to
apply it all at once but rather to split the application
into smaller amounts at two or three intervals. Some
forms of N are very soluble and do not stay in the
rooting zone very long. As a general rule, apply no
more than 50-75 lb/acre of N in one application.
Plants are more likely to utilize N applied in smaller
amounts more frequently and our groundwater and
streams will be protected from nitrate pollution.

Fertilizer Application

There are several methods for applying fertilizers.
The most common is to broadcast granular
formulations on the surface or till them into the
seedbed. Another method is banding —placing

the fertilizer below the surface in a band below or
beside a seed at planting time. Some fertilizers can
be applied through an irrigation system. Fertilizers
can also be applied in liquid or powder form.
Micronutrients are usually most effectively applied
as foliar sprays.

Salt Accumulation and Soil Leaching
Fertilizer is more likely to burn a plant in hot, dry
conditions when the plant is stressed. If there is
insufficient moisture after fertilizer application, then
the salt concentration can increase, making it even
harder for plants to take up water. Adequate water
will help prevent high salt accumulations.

Potted plants should be leached every 4-6 months
and garden soils at least once a year. Leach the
soil by saturating it with water and letting it drain
completely. A rule of thumb is to apply water in

an amount that is double the volume of the pot.
For instance, a 6-inch pot will hold about 10 cups
of water, so use 20 cups of water to leach out
accumulated salts. Different plants have different
levels of tolerance for salt accumulation.

GREEN MANURE AND COVER CROPS
By definition, green manure crops are grown and
incorporated into the soil to improve the latter. Cover
crops are grown primarily to reduce soil erosion and
nutrient leaching.

Usually, green manure crops are annuals and cover
crops are perennials, either legumes or grasses.
Cover crops can be incorporated into the soil and
used as green manure crops.

When managed properly, both green manure and
cover crops add N to the soil for use by the crops
planted later. They tend to increase the level of
soil fertility and soil humus. They improve the soil’s
physical properties of aggregation, porosity, bulk
density, and permeability. Their effects are more
pronounced in clay soil than in sandy soil.

Green Manure

The benefit of using green manure crops depends on
the soil, climate, and species of plants grown. Envi-
ronmental conditions that affect microbial growth
determine the rate of decay of organic residues. Warm
soil, proper aeration, and ample soil moisture increase
microbial activity, thereby increasing the rate of de-
composition of organic matter. Decomposition releas-
es carbon dioxide and weak acids that help release nu-
trients. The chemical composition of the plants affects
their value as a green manure crop.

Green manure crops have little influence on soil
organic matter content if cultivation is continuous.
In cooler climates, green manure crops can increase
soil organic matter and N. In warmer climates,
cultivation speeds up the rate of decomposition so
an increase in soil organic matter content is difficult
to achieve. Using green manure crops can improve
soil structure, which enhances aggregation and
increases the space between soil particles.

Any fast-growing annual crop is a good choice for
a green manure crop, such as ryegrass, wheat,
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barley, vetch, or field peas. A legume is a great
choice because of its ability to fix N. Green manure
crops should be seeded immediately following the
harvest of the main crop and not allowed to go to
seed. Incorporate them at least 2 weeks before
planting the next crop. As grasses and cereal
grains reach maturity they can tie up N, so they
should be incorporated into the soil early in the
growing season.

Cover Crops

Use cover crops for alleyways in orchards and vine-
yards to prevent weed growth and in gardens for
pathways. Cover crops may require some maintenance
such as mowing and fertilization. Cover crops are
good for fall gardens in-between the rows and in any
other cleared areas.

Cover crops provide organic matter and store
nutrients, which helps reduce nutrient losses
from the soil profile by leaching of N, K, and other
nutrients. Legumes add N to the soil and reduce
erosion because they are deep rooted. Leaching is
more of a problem on soils with high sand content.

A good ground cover reduces soil erosion by
reducing raindrop impact on soil particles. Plant
cover increases the water infiltration rate and
minimizes water runoff. Leaves and stems “catch”
the rain and roots create channels for water
movement in the soil.

Negative aspects of cover crops include competing
with the main crop for nutrients and moisture

and encroaching on the main crop. Cover crops
may also provide a safe haven for gophers, mice,
insects, and diseases that can attack the main crop.

ORGANIC FERTILIZERS

Research has found no difference in the nutrient
contents of organic food and regularly produced
food. However, organic foods are less likely to have
chemical residues. As far as the plant is concerned,
it does not matter if nutrients are supplied by
decaying plant material or from commercial
fertilizers: N is N is N. Plants are self-contained
biochemical factories. All they need are raw
materials (nutrients).

Generally, organic fertilizers release nutrients
slowly. Organic fertilizers depend on
microorganisms to break them down in order
to release their nutrients. Therefore, most are

effective only when soil moisture and temperature
are suitable for microorganisms to be active.
Some examples of organic fertilizer sources are
listed below:

- Cottonseed meal — Approximate analysis: 7-3-2.
It can be somewhat acidic so it is often used to
fertilize acid-loving plants.

+ Blood meal —Dried, powdered blood collected
from slaughterhouses is a rich source of N and
may contribute some trace elements, including
iron. Issues associated with animal by-products
used in food sources may be a concern.

+ Fish emulsion — A partially decomposed blend of
finely pulverized fish, it is high in N, a source of
some trace elements, and has a strong odor.

+ Manure — Nutrient content is generally low and
varies with animal source and feed. Manures
are best used as soil conditioners rather than as
sources of nutrients. Fresh manure can damage
young plant material due to its high mineral salt
content if irrigation is not managed properly.

+ Sewage sludge — A by-product of municipal
sewage treatment plants, it generally comes
in two forms, activated and composted.
Activated sludge has a higher nutrient content
(approximately 6-3-0) than composted sludge
(approximately 1-2-0). There is some concern that
long-term use could lead to the buildup of certain
heavy metals. Another concern focuses on its use
in a garden around edible plants. The origin of the
sludge determines its nutrient and heavy metal
contents. A sludge-based nutrient source should
be analyzed for heavy metals before use.

Further Reading and
Resources

BOOKS

Havlin, J. L., J. D. Beaton, S. L. Tisdale, and W. L.
Nelson. 1999. Soil Fertility and Fertilizers: An
Introduction to Nutrient Management. 6th ed.
Englewood Cliffs, NJ: Prentice Hall.

Minnich, J., and M. Hunt. 1979. Rodale Guide to
Composting. Emmanus, PA: Rodale Press.

Soil Improvement Committee, California Fertilizer
Association. 1997. Western Fertilizer Handbook:
Second Horticulture Edition. Prentice Hall.
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BOOKLETS AND PAMPHLETS

BUL 915 Soil Testing to Guide Fertilizer
Management

CIS 787 Liming Materials

CIS 815 Northern Idaho Fertilizer Guide:
Blueberries, Raspberries, and
Strawberries

CIS 853 North Idaho Fertilizer Guide: Grass
Pastures

CIS 863 Fertilizer Primer

CIs oM Northern Idaho Fertilizer Guide: Northern

Idaho Lawns

VIDEOS

How Water Moves through Soil. University of Arizona.
Available for checkout from the Benewah County
Extension Office, St. Maries, ID.

Soil Monolith Collecting and Preserving. 1987.
Available from the Ul Soil and Land Resources
Division, College of Agricultural and Life Sciences,
Moscow, ID.

Chapter 5 published 1993. Revised 2008.

WEBSITES
Idaho State Department of Agriculture.
https://agri.idaho.gov/main/.

Natural Resources Conservation Service. Published
Soil Surveys for Idaho. https://websoilsurvey.
sc.egov.usda.gov/App/WebSoilSurvey.aspx.

Smithsonian Environmental Research Center. "Dig It!
The Secrets of Soil." https://forces.si.edu/soils/.

University of Idaho. Idaho Master Gardener Program.
https://www.uidaho.edu/extension/master-
gardener.

University of Idaho Pedology Laboratory. https://
www.uidaho.edu/cals/soil-and-water-systems/
research/pedology-laboratory.

INSTRUCTOR RESOURCES

Soil Texture Kits. Nine 2-lb texture samples can
be purchased from the Ul Soil Evaluation Team,
Moscow, ID, (208) 885-7554. (575.00)
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HORTICULTURAL
EQUIPMENT
MANAGEMENT

Learning Objectives

« Learn about the different types - Learn the basic practices of
of equipment used in horticulture soil cultivation

« Learn how to select, purchase,
and care for equipment

Equipment Selection

The type of equipment used to prepare your garden will depend on the size of the
garden, as well as your physical ability, time, and budget. Options include a spade or
shovel, a power rotary tiller, a small garden tractor, or a full-sized farm tractor.

HAND TOOLS FOR CULTIVATION

The minimum equipment needed by most gardeners is a shovel or spade, a hoe, a
rake, and a trowel. A wide selection of styles is available. The right choice is one of
personal preference and price. You can get the best value by knowing each tool’s uses
and particular qualities.

Shovel

A dish-shaped blade mounted to the handle at an angle and is used for moving soil. A
garden shovel with a pointed blade is lighter and smaller than most other shovels and
is well suited for use in the garden.

Spade
A flat blade and designed for cutting rather than lifting or moving soil. A spade is an
excellent tool for shaping straight-sided trenches and edging beds.



SHOVEL

SPADE

NOTE

Shovels and spades come with long handles in
standard or D-shaped styles. Choice of handle style
will depend on personal preference: long handles
offer greater leverage and are less tiring to use;
short handles are often thicker and stronger. For
general-purpose digging, lifting, and moving, a long-
handled shovel is ideal.

Spading Fork

Another useful digging tool. It is ideal for breaking
and turning heavy soil and for loosening subsoil
layers when double digging a bed. Turning coarse
compost, spreading mulches, and digging root crops
are other jobs suitable for a spading fork.

Hoe

Essential in any garden for preparing the seedbed,
removing weeds, and breaking up encrusted soil.
Several different hoe styles are available.

SPADING FORK

HOE

Pointed Hoe

Has a heart-shaped blade and is lightweight and
useful for opening seed furrows and cultivating
between plants.

Hula

Also known as an action hoe, a hula is very
lightweight and maneuverable. You push and pull

it just under the soil surface. Because the blade

is relatively thin and lacks the clod-breaking
capabilities of a heavier hoe, this type of hoe is most
easily used where soil is not compacted and where
weeds have not gotten started.

Scuffle Hoe
Somewhat more sturdy, this hoe is used with a push-
ing motion rather than a pushing and pulling motion.

LB

DIFFERENT KINDS OF SCUFFLE HOES

Square-Bladed Hoe
Probably the most commonly used hoe, lends itself
well to many garden tasks.

Rake

Useful in clearing the garden of rocks and debris. It
is also helpful in spreading mulches and smoothing
seedbeds. The right rake depends on your size and
strength and the uses you intend.

As the number of tines increases,

the rake weight also increases.

Avoid choosing a rake that is so

heavy it will tire you after a short

period of use. The length of the

rake handle is important too. The

tip of the handle should come up

to your ear when you stand upright. A handle that is
too short will make your work harder, causing excess
bending and back strain.

Trowel

Used for many digging jobs that do not require a full-
sized tool. Especially in the spring, a trowel is perfect
for transplanting seedlings and bulbs or digging
shallow-rooted weeds.
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OR ASPARAGUS

PLANTING-CULTIVATING HOE CUTTER

Small Hand Cultivator
Often sold in sets with trowels, it is useful for weed-
ing small areas and between closely spaced plants.

Digger

Also called a weeder, cultivator, or asparagus

knife, a digger is a small, useful digging tool. It

is indispensable for digging up weeds with long
taproots, such as dandelions or Queen Anne’s lace; or
for prying out Johnson grass rhizomes. It consists of
a 10-14-inch long solid metal rod with a two-pronged
blade at one end and a handle at the other. This tool
is practically indestructible and well worth its price.

Pickax
Used to break up extremely stony or hard-packed soil.

Mattock

Used to break up soil, but is equipped with a cutting
blade for removing large roots. A mattock may also
be used to chop up debris for composting.

Wheel Cultivator

Has a number of attachments for soil preparation and
weed control and may prove to be a good investment
for those with larger gardens.

POWER TOOLS FOR CULTIVATION
Rototiller

The power rotary tiller is the tool most commonly
purchased by gardeners. Whether you need a
rototiller depends on the size of your garden, your
capabilities, and the intended uses of the tiller. Tiller
selection may be based on the nature of the work to
be done, the quality of the machine, ease of repair,
and personal preference.

The tiller’'s engine powers rotating blades or tines,
which turn the soil and make it loose, fluffy, and
ready for planting. It can also chop plant debris and
mix it into the soil. The ability of the tiller to do these
jobs effectively is a function of its weight, strength,
design, type of tines, and type of soil.

A heavy, powerful tiller is most effective on stony
clay soils, while a smaller tiller is more appropriate
in a small garden or a garden with light soil. Very
lightweight tillers, known as soil blenders, are
designed mainly for raised bed gardening; however,
they are not widely available and generally must be
mail-ordered. A tiller is a major investment.

Look for tiller features such as: heavy cast iron, steel
plate, and tubing; heavy bearings; strong welds used
during construction; and easily operable controls.
Ask to look at the operator’s manual and try to
determine how simply a tune-up can be performed.
You can save yourself a great deal of trouble and
money if you can replace plugs and points yourself.
Also consider the locations of service centers and
parts dealers. Careful attention to your needs,
abilities, and price range is important.

Talk to people who have the types of tillers that
interest you. If possible, borrow or rent various types
of tillers and send for information before buying. If
you are considering the purchase of a used rototiller,
plan to do so well ahead of time so you will not be
rushed into a purchase. If you know little about tillers,
have a mechanically minded friend evaluate the
models you are considering.

ROTOTILLER
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Above all, test each tiller for ease of starting and
operation. An engine that smokes or runs roughly may
require a lot of work. Tines should operate smoothly
and freely. Check the welds in the handles to see that
they are strong; rewelding may mean that the han-
dles have broken at some time, a common problem in
older tillers. Look at the dipstick if there is one; low oil
or very sludgy oil may mean that the tiller has been
poorly maintained. The oil and other fluids may also
be checked by opening the drain plugs. Look for ex-
cessive dirt around the engine or in the air filter. This
may also indicate bad maintenance habits.

Rear-Tine Tiller

If gardening is a full-time business or if you have a
large garden, it would be wise to purchase a rear-tine
tiller. It should be a heavy-duty machine capable of
continued operation. The rear-tine tiller is easier to
control and is smoother in its cultivating process.

It requires less maintenance because it doesn’t
bounce around; leverage is required for control. New
gardeners are sometimes scared away from these
tillers because they can run away from them.

Front-Tine Tiller

If gardening is simply a hobby or if your garden is
small, a front-tine tiller may be suitable. Front-tine
tillers are usually light in weight, but may require
considerable strength to guide them through the soil.
Operating this type of tiller is comparable to handling
a large floor polisher such as those used in schools
and hospitals. Leverage is required for control. New
gardeners are sometimes afraid that these tillers

will run away from them. The front-tine tiller may not
make as straight a path as the heavier rear-tine type,
but it is much easier to turn. The front-tine tiller is
easy to use in small gardens and in corner areas.

Cordless Tools

Most are rechargeable, come with various cultivating
attachments, and can make garden chores more
pleasurable. Cordless tools are especially useful to
those with physical disabilities that limit strength.

Garden Shredder

This tool is helpful for a large garden with a lot of
plant wastes. Hand-operated shredders are slow but
useful if wastes are in small quantities and are not
too coarse. Gasoline shredders are quite expensive
and may be disappointing to the gardener who
wants to chip branches and other large materials.

Shredders are best used for shredding leaves, small
branches, and other plant wastes. A chipper, however,
will chip large branches and other coarse materials,
but the cost ($1,000) is high.

WHEELBARROW OR CART

A wheelbarrow or cart is handy to have in and around
the garden area. It should be easy to handle when full.
Durable construction is well worth the cost to ensure
a long, useful life. Be sure to choose the size appropri-
ate for your physical abilities and garden needs.

A wheelbarrow generally requires more strength and
control than do most garden carts, but many of the
small carts generally available are made of relatively
flimsy metal and, though inexpensive, are not
particularly long-lasting or suitable for heavy items
such as rocks.

Consider your needs. If you plan to haul only light
straw, leaves, or sawdust, then a small cart is
suitable. For heavier jobs, a wheelbarrow or cart is
needed.

The newer garden-cart models, especially ones with
bicycle-type tires, are made of heavy plywood and
metal and are well balanced and easy to maneuver.

NOTE

These carts do, however, cost a lot (up to several
hundred dollars) and require a large storage space.
Only serious gardeners or those with other uses for
these carts find them economical. One alternative is
to build your own from one of several plans available
from gardening magazines or private companies.

WATERING EQUIPMENT

Watering is one job that most gardeners must do at
least occasionally. An adequate water supply may
make a big difference in garden yields. Purchase of
watering equipment depends upon available facili-
ties, water supply, climate, and garden practices. De-
termine whether cultural practices such as mulching,
close plant spacing, shading, or wide-bed planting
will meet most of your extra water needs, then pur-
chase watering gadgets accordingly.

Spigot

If there is no outdoor spigot near the garden, the
expense of having one installed may be greater
than the benefits gained, except in very drought-
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prone areas or in the case of a gardener who is fully
dependent on the season’s produce.

Rain Barrel or Garden Hose with a
Fan-Type Sprinkler

This simple watering equipment will suffice where
rainfall is adequate, except occasionally in summer.

Water Breaker
Useful for small seedlings.

Drip Irrigation System

In areas where there are extended periods of hot
weather without precipitation, the local water supply
is likely to be short. Since overhead sprinklers waste
water, a drip irrigation system may be in order. Drip
irrigation puts water right at the roots and doesn’t
wet plant leaves, thus helping to prevent disease.
Timers are available for automatic-drip watering
systems, but this type of system is relatively
expensive and may be considered a nuisance by
some gardeners because of maintenance and
replacement requirements.

The Soaker Hose

Probably the least expensive and easiest water
system to use. Its fibrous hose allows water to seep
out at a slow rate all along its length. There are also
hoses with holes in them that do basically the same
thing. A flow regulator usually has to be included
with the system so that water can reach the end

of the hose, yet not be sprayed out at full force. A
special double-wall-type irrigation hose has been
developed that helps to maintain an even flow.

Emitter-Type System

Best used for small raised bed or container gardens.
With this system, short tubes or emitters come off a
main water-supply hose. Emitters put water right at
the roots of the desired plants. This is generally the
most expensive form of irrigation and the most com-
plex to set up.

SEEDLING AND PLANTING TOOLS
Depending on the size of your garden and your
physical abilities, you may want to consider a row
seeder.

Seeders

Its wheels make easy work of sowing long rows
of corn, beans, or other vegetables. Seeders are
available that make a furrow, drop the seeds

properly spaced, and close up the furrow. It is not
worth the effort to set up a seeder for small areas. A
handheld seeder is probably a better choice for this
type of work.

Broadcast Seeders

Available for sowing seeds such as rye or wheat
for cover crop, but are generally not necessary for
the average home gardener because broadcasting
is easily done by hand once you learn the proper
technique.

Fluid-Sowing Kits

Contain presprouted seeds in a gel that prevents
drying. These kits may be purchased, but fluid
sowing devices may be made inexpensively.

ENVIRONMENTAL MONITORING
EQUIPMENT

Serious gardeners often invest in equipment that
allows them to monitor the microclimate around the
garden or indoors.

Rain Gauge
An inexpensive device that helps you determine if
enough rain has fallen for garden plants.

Maximum-Minimum Thermometer

A costly but often useful device to measure soil
temperature and the internal temperature of a
compost pile.

Light and Watering Meters

Can be purchased for indoor plant monitoring.
Electronic water meters measure the conductivity

of soil, but are often greatly influenced by fertilizers
and other salt concentrations, resulting in a variable
or inaccurate measurement of water availability.
Tensiometers work well for measuring water content.

TRELLISES AND CAGES

For vining plants, these save space and keep
fruits off the ground, reducing plant damage and
minimizing the amount of stooping required for
harvest. Look for heavy-duty materials and sturdy
designs that will stand up to rain, wind, and drying.
Wire should be heavy gauge and wood should be
treated with nonphytotoxic (nontoxic to plants)
materials or materials nontoxic to humans. Metal
parts should be rust-proof or rust-resistant. If you
build your own trellises and cages, you may save a
considerable amount of money and get better quality.
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HARVESTING EQUIPMENT

Varies depending on the size and type of garden,
whether food is to be stored, and the way in which it
is to be processed.

Baskets

Useful to most gardeners. Baskets may be purchased
at garden or farm supply stores or sometimes may be
scrounged from local grocery stores or fruit stands.
Berry baskets for carrying small fruits, baskets with
handles for carrying vegetables, and peck or bushel
baskets for storing fruits and vegetables are all
useful.

Fruit Pole Pickers
Useful and easy to use for tall fruit trees.

A Sharp Knife
Cutting vegetables off plants is handy and helps
prevent plant damage.

Equipment Purchases and
Maintenance

EQUIPMENT PURCHASES

When purchasing tools, buy for quality rather

than quantity. Your tools will be in frequent use
throughout the garden season. Cheap tools tend to
break or dull easily and may end up making your job
unnecessarily difficult and frustrating. Quality tools
will last and tend to increase in value if well kept.

Tools should be lightweight for easy handling, but
heavy enough to do the job properly. Metal parts
should be of steel, which will stay sharp, will keep
their shape, and will outlast softer metals. Consumer
magazines and garden publications frequently have
articles explaining what to look for in tools and listing
alternatives to local hardware stores, which often
carry a single line of tools. Several excellent books
featuring garden tools have been published and may
be available at the library.

EQUIPMENT MAINTENANCE

Keeping a tool clean and sharp will increase

its usefulness and lengthen its life. Learn the
techniques of sharpening each tool and practice
them frequently. Professional gardeners often carry
sharpening stones or files and sharpen their tools
every hour or so while working.

Clean tools after each use. One effective method is to
keep a five-gallon bucket filled with sand and used

motor oil in the toolshed. At the end of the gardening
day, remove clinging dirt from tools by plunging them
into the oily sand several times. This will keep the
tools cleaned and oiled and will help prevent rusting.

Perhaps the most important step in tool care is to put
tools in their proper place. Tools left in the garden
will rust and break and can be a safety hazard. Some
gardeners paint handles with a bright color to make
their tools easy to spot.

Cultivation Practices

TYPES OF SOIL CULTIVATION
Plowing

It once was assumed that gardens should be turned
yearly with a moldboard plow, mostly for weed and
pest control. While garden plowing is still a common
practice, turning the soil over completely has been
found to be detrimental in some cases. It can cause
soil compaction, upset balances of microorganisms,
and bury layers of coarse organic material below
the influence of insects and microbes, which would
otherwise cause the materials to decompose.

Chisel Plowing

This is an alternative that does not have a disruptive
effect, but its use is limited to sandy or loamy soils.
Many gardeners do not have chisel plows. In addition,
gardeners in nonrural areas have trouble finding

a person who will plow and disk a garden for a
reasonable price.

Rototilling

Most home gardens’ soil condition is sufficient, as
long as plant debris is not excessive. Rotary tilling
mixes rather than turns the upper layers of soil. One
possible harmful effect of rototilling is the formation
of a compaction layer just beyond the reach of the
tines. Use of deep-rooted cover crops or double
digging can help prevent or alleviate this problem.

Hand Cultivation
Spading the soil deeply until it is loose and drains
easily prepares the soil.

CULTIVATION TIME

Fall tillage has several advantages over the
traditional spring plowing. It allows earlier spring
planting, since the basic soil preparation is already
done when spring arrives. Turning under large
amounts of organic matter in the fall is 