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ABSTRACT

To increase interest in soil science and other related scieestional materials need
to be tailored to appeal to younger studehte purpose of this project was to create a soil
science lesson plan that could be utilized by the Cal Poly Learn By Doindrifatmation from
several articles, textbookgsson plansand websites was revieweddieate a sogcience
lesson plan fortsdents in 588" grade.The lesson plan focused on the three-disbiplines of
soil science; physical, chemical, and biologicattiities were created to correspond to the three
subdisciplines.Alternate activities were created to allow substitutims The corcluding
activity incorporated the three sdlisciplines by discussing thportantprocessesoail
provides for life on earthThe lesson plan was written to be educational, but also entertaining for

students and teachers.
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CHAPTER 1

INTRODUCTION

The purpose of this senior project wasdevelop a lesson plan to educdfé B™" grade
students about soitsi ence. Cal Polyds Learn by Doing
various scientific topicto elementary througimiddle school age students from all over
California. Although the program wamerseen by Cal Poly professors, the majority of activities,
demonstrations, experiments aedching wasaccomplished by Cal Poly studertie LBDL
course (SCM 302) offereat Cal Polygivesstudents the opportunity to experience teaching to

middle school age students with interactive experiments in STEM fields.

The project objectives wete 1) conduct a literature review of published papers focused
on soil science education, teaching, enrollment trends, and empigyand 2) to createsoll

scienceLBDL lesson plan.

Our Sils are a vital natural resource, amidl continue to be so if managed sustainably
A LBDL focused on soil science is a great opportunity to edwstatientsabout soils and

hopefully spark their interests in tHigle-knownfield of science.

Lab



OBJECTIVES

f Educate 8-8" grade students abbsoil science through interactive experiments
1 Complete a literature review focused on articles discussing soil science education
T Write a soil science |l esson plan for Cal P

1 Complete the senior project to fulfill tmequirements fothe B.S. Earth Sciences degree
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CHAPTER 2

LITERATURE REVIEW

Introduction

Soils are a resource upon whietrlery human being dependiowever, thescientific
discipline of soil siene is a relatively new fielddating back to the late 180@¢ot only is soill
science a distinct field of science, it is also idisciplinary. This created a problem for soil
sciencen the academic and professional worlds, where it has been alisotb other fields and
professionsTo keepsoil science current with theverchangingworld of academics, updates
neecdto be utilized. The changes inclubedopting new teaching styles, educatingghblicin
an entertaining and informative way, creating interactive teaching prograprsnfairy school
students, updatingniversity programs to reflect the qualifications employers are looking for,

and shiting the academic field froragricultural to environmentéBrevik et al, 2014).

History of Soil Science: Education

The academic history of soils relatively short, but full of changes. Unlike other
scientific disciplines datig back hundreds of years, soil scienneversity programs were first
established aring the late 180Qsvhenthe Uhited Stategjovernment began to conduct soil
surveys Scientists were hired to complete the surveys, though they lackedabssaryraining
The demand foscientists with knowledge of soils prompted the formation of soil science
programs atiniversities such as the University of MoCarolina and Earlham Collegéne of

the first soil science textboskn the United State$Soils, Their Properties and Managememas

11



written byT. Lyttleton Lyon, Elmer O. Fippin, and Harry O. BuckmarL909(Brevik et. al,

2014)

As the study of soils dheuniversty level grew, liberal art schools that had helped start
soil scienceprograms wereeplaced byagricultural colleges and land grant universities. Land
grant universities were created by the Morrill Act of 18B2ese universities receidéederal
funding toprovide the working class practical educatioragniculture engineering, and military

arts(Brevik et. al., 2014).

During the 28 Century, soil science became a standalone academic discipline, and was
associated with land grant universitid@day, most soil science departments have been
hybridized with other related programs, such as agricultural and environmental management,
environmental sciences, and forest resourdbsut 5% of the universities offering a soils
degree have a department strictly for soil sciefibe wide variety in names of departments
indicated a strength and weakness of the discipline; soil science was interdisciplinary and could
contribute to other fields, however this could also allow for it to become absorbed into related

fields (Brevik et. al., 2014).

Interestingly there was decline in enrollmerin soil sciencesince the 1980s to the mid
1990s However, since 2005, enrollmetitave increasedThe increasd interesin the field is
promising, though the concewashow to retain interest in the futuf@rofessors, universities, as
well asthe Soil Science Society of AmericA3SA researched what causadirop in enroliment

and methods to imease interest in soil scien(frevik et. al., 2014)

12



EnrolimentTrendsin Soil Sciencd’rograms

Enrollment trends in the past 20 years have dropped. In more recent years, however,
enrollment has increasefl.survey conducted by the 5&cience Society of America (SSSA) in
1992 with a followup in 2004 showedver 80%of the universities that participated experienced
a decline in soil science studer®il science enrollment data between the academic years of
20072008 through 2012014 at 14 colleges was analyzed by Dr. Brevik and hautioorsto
determine if enrollment numbers were increasing or decreaBggresults were encouraging
with a 46% increase in undergraduate enrollment and a 50% increase in graduate program
enrollment SSSA student nmebership has also increased, further supporting the determination
of increasing student numbers in soil science in the United Seatdiional evidence outside of
enrollment supports the increased interest in soil science, sadlisasn global studies
including soil science, the United Nationds d

and increased soils publications (Brevik et. al., 2014).

To find out the cause of the decrease in enrolingemyjeys were conduatdy theSSSA
and Economic Sciences Research Centéraghington State University 2008 The objectives
of the surveys includeenrollment trends, career opportunities, issues in soil science education,
and faculty The three target groups of the surveys were current undergraduate, graduate and
recent graduates in soils programs, college departments, and empidpert/nited States and

CanadgHalvin et. al., 2010).

Student Input

Themajority of student responses (81%¢re graduate studes. Thatmay have skewed
the results of the survey in favor of pursuingaeaer i n soi | science due

specific focus of socience as opposed to the broadedergraduate programs that colboédl

13



more or less related to soil scienBesponses to the survey provided interesting insight on how

students, faculty, and professionaisw soil sciencéHalvin et. al., 2010).

The main reasons students were drawihéomajor were classes and projects in college,
previous experience working in agricultupgofessoisuggested, or a class or project during or
before high schooBtudent interesh soils programsncreasedfter completingsoil science
coursesTheresults suggestithe best method to increase interest in soil sciencédiaz to
offer courses that complemesther majorsas well as attract students who are undeclared
Furthermore, the lack of soil scienegucation in primary schools suggested that including soll
scienceand relatedlisciplines in k12 may increasmterest Students also chose more
contemporary majors when asked about employrineds, such as environmental science, land

management, andjeonomy (Halvin et. al., 2010).

The survey results suggedthat the discipline needs tievelop an environmental focus,
instead of mainly agriculturalhe surveyalso indicated several arefas improvement
including difficulty in finding a job, updat:.
better engage younger generations in soils, and the imperative role of soil judging for field

experience (Halin et. al., 2010).

Department Input

The department respondentadra different view of the soil sciendescipline when
compared to the student respondents. Most responded that enrollment had not significantly
changed in the past 10 years, nor would it likely change in the next 10epestment
respondentalso indi@ted that jolmpportunities hathcreased in the past 10 yedrscontrast to
the college departments, students seemed to predict a declinelimentd soil science
continuedo be associated with agriculture (Halvin et. al., 2010).

14



Employerinput

Employerrespondentdiffered fromcollege departments, and indicatbdt it will be
more challenging to find trained soil scientists in the futlings response suggestadack of
effective communication between the needs of employers and the training and education offered
by university soil science departmenhencompared to other disciplinesoil science was
viewed as part of theesponsibilitesof professionalsas opposed to a separate expertise
Employers seemed most concerned with the association of soil science with traditional agronomy

and the lack of marketing for licensing and certification (Haétiral., 2010).

Solutions

Several associations in and outside the United States have made efforts to promote and
retain interest in soil scienc&.group of faculty from Australian universiseoncluded that soll
science was uniquediscipline, and rguires teaching ethods that werilored to the
discipline After a survey and several cycles of review, 11 teaching principles were developed for
soil science educatioithe principles were a mix of generic asidciplinespecific, ad were
explained i n deThateaching principlesentlidd@nsqueaess, fieldwonk,
jargon, active learning, connections, systems, communication, authentic problems, feedback,

assessment, amaditcomes (Field et. al., 2011).

Starting in 1994, the SSSA teamed with timeitBsonian Institute to develop an
interactivesoil scienceexhibitaimed at teaching the genepaiblic about the importance of soll
sciencen a nontraditional settingThroughout the planning procesgyveral lessons were
developed to aid those in the future who may undergo a similar educational. progeder to
complete the massive undertaking of developing an exhibit f@riithsonian as well as a

traveling exhibit, persistence, flexibility, planning economically, willingness to compromise, and

15



thinking outside the box were necessities2008,théi Di g |t ! TheexiBbgcr et s
opened at therBithsonian NMNH After two successful years at the museum, the exhibit was
closed anaeopened as a traveling exhibit until 20Idpreparation for the future of soil science
and the SSSAsix goals were created to maintain and increase interest in theTieddyoals

were to enbrace theublic, strong branding of the SSSA with soil science, expand the political
presence of soil science, branch out to related discipinéscientific associations, rethink

delivery of soils informaon, and develop a leading think tank on soil (Drohan et. al., 2010).

In the civil engineering disciplin®avid Elton created an educational program called
Soils Magic Alike to the decrease in interest and enrollment in soil science during the late 1990s
and early 2000s, civil engineering experienced a similar decielse focused capturing the
interest of students from kindergarten throughi tt2ough interactive civil engineering
experimentsHis efforts served two purposes: encouraging studentsdy stath and science in
elementaryschool, and encouraging students to pursue engineering in calegeworked with
several K12 teachers and designed the experimenBoils Magicto be simple, low cost, and
quick seup time Eltonfound his experimds worked wellwith middle school students, and by
keeping the activities shortas able to capture their attentimm the duration of the activities
Allowing students to participate in the experiments or assist with testing were also effective i
teachinghe concepts or objectives of the activitiesedback from teachers was positive; many
felt the program was more interactive and entertaining ¢bamentionaimethods used in

laboratory classe£(ton et. al., 2006).

Conclusion

When compared to other scientific disciplines, soil science is relatively new. Over the

past century, the discipline sigone through several changes as the needs and requirements of

16
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academics and professionals in the field have chafidedstudy of was created from the
government 6s need for soil sci dntheacadermic t o c o mp
realm, sdiscience began at a handful of liberal arts universities. Soil science shifted to an

agricultural focus when land grant universities began to offer soils progfawtey, this small

niche has grown into the intdrsciplinary field of soil scienc&.0 hep keep soil science a

distinct discipline, several surveys of faculty, students, and professionals have been conducted.

The results of these surveys showed a disconnect between what universities require of soll

science studentthe expectations of studernd what the professional world required.

Enroliment in soil science programs peaked during the 1980s and declined until the early 2000s.

In response to the declining enroliment, universities merged soil science into related

departments, or stopped offeg soils programs. Although soil science has been strongly

associated with agriculture in the past, the discipline has shifted to an environmentdhfocus.

response to several surveys, solutbne i ncr ease enroll ment in soil
awaenes®f the scientific field have been develop&tiese included developing new teaching

styles specific to soil sciencereating thenteractive soils exhibitDig It! The Secrets of Sodt

the Smithsonian Museum of Natural Histompdating universit programs to include

professional qualifications, and including soil science in primary school edudatimnaler for

soil science to remain a distinct discipline in the future, a balance needs to be made between the
requirements imcademic and pressional fields. Increased efforts to educate the public about

soil science will also help increase interest in the scientific field.
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CHAPTER 3
LESSON PLAN

LBDL Soil Science Lesson Plan

1 Introduction
o0 Interactive demonstratiomith different organic and inorganic components of soll
1 3 subdisciplines of Soil Science
o Activity 1: Physical
A Interactive activity with soil texture
o0 Activity 2: Chemical
A Interactive experiment with soil filtration
o Activity 3: Biological
A Discuss soil magrand micro organisms
A Prepare Aiworm terrariumso with stude
1 Closing Activity

o Ecological processes soil provides that are vital to our lives

18



ACTIVITY BOOKLET
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Figurel - Soil Science LBDL Activity Booklet (Ormonde, 2017).



Please Note:
1 Cut the paper along the dotted line, and fold along the solid lines to make a booklet
1 The pages of the booklet correspond to each activity (physteatical,and biological)

1 The answers to the fiih questions are written in purple
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ACTIVITY 1 - INTRODUCTION

Title: What Am P?!

. R air‘s on Nodal Root
8 of V2 Corn Seedling

Learning Objectives/Brief Description:

1 Introducethe lesson to students vigaessing game

of what they think they are looking at

1 Introduction to the lesson/general definition of soil Figure2 - Root Hairs (Nielsen, 2013).

1 Three main components of soil; physical, biological, chemical

Activity Booklet PagesiN/A

Duration: 5 minutes

Materials Needed:

1 Microscope

1 Projector Figure3 - Fungus (Fleming, 2014).

1 Soil samplesvith interesting features such as:
o0 Root hairs/fungi

0 Soil macreorganisms

matter

1 Samples that represent the differeg

components of soil A R
: ; (A/'r'y,/, ,.“ ‘;'71‘ y S 4\
0 Rocks, minerals, humus, Figure4 g Soil Humus (California Quarry Products, 2017).

water, etc.
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0 Biological components

Setup Procedure: Sand, Silt, and Clay

Photo Close-up Particle Size
e

1. This experiment should be set up

0.05mm-2mm

before the students enter the rotmm

help keep the element of surprise.

0.002mm-0.05mm

Silt

2. Separate each specimen into

containers. Line up containers to
<0.002mm

enale specimens to be swappmat
Clay

easily from the microscope.

Figureb ¢ Magnified illustration of particle sizes (RainMachin
2017).

Operation of the ActivitExperiment:

1. Welcome and introduce the students to the Learn By Doing U&dwiAg students to
participate, askthem fAwhat dcdc atvhee sen tchoimmmpsn 20 Let t her
guesses, offer hints if needed to help guide them to the right assilldExplain thatall
the specimens are different componentsail, the stuff below our feeExplain that the

lab will beabout the three mairomponents that make up s¢physical, chemical,

o biological). Ask the students what they

N . i - -2 0 : A% 4
Figure6- Earthworms (Edwards, 2017).
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2. After the introduction, hand obiboklets, andlivide students into 3 groups.
Notes/Helpful Tips: . : ‘\
e s

T Capturing the sf
can be difficult at times. Do your
best to show enthusiasmthe

introducti on, a

hooked!Having a few interesting

Figure7 - Root nodules containing rhizobium bacteria (Temple,
facts about soil can help as well. 2017).
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ACTIVITY 2 - PHYSICAL

Title: Soil Texture (Physical)

Learning Objectives/Brief

Description:

9 Students will learn about B2 °f ¢lay made infist

the physical properties

of soil including:

Starting to make a ribbon from sand

0 Soil texture

Ribbon testing

Starting to form a ribbon Clay Ribbon (>2")

Ribbons are hard to form :/vith sand (<1")

o Particle size Figure8 - Making a soil ribbon (Slide Share, 2011).

1 students willearn abousoil texture bytexturing different samples

1 Make the connection on why soil texture is imporfantvater filtration and storage.

Activity Booklet Pages: -3

Duration: 15 minutes

Materials Needed:

1 Soil samples
o Sang soil (sandy loam or
loamy sand)
o Silty soil (silt loam)
o Clay(clay loam or clay)
0 Loam

1 Spraybottles

= =

Waterand gsjueezablgray water
bottles

Mortar and pestle

2-mm sieve

Soil texture triangle poster
Newspaper print roll or old

newspapers
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1 Paper towels 1 Hand broom and dustpan

Setup Procedure:

1. Cover lab tables with newspaper print or @aper to help keep surfaces clean.

2. Place the tubs of soil so they have enough space in between to allow multiple students to
reach them (or use s enmoan).labekthesanplésavith i f t her

numbers 13 and the |l oam as nAnGol dil ocks. 0

3. Place paper towels, hand brush and dustpan, and any other materials nearby for easy

cleanup.

Operation of the Activity/Experiment:

1. Introduce the activity and separate the students into 3 gronpgor sand, one for silt,
and one for clayLeave the actuaextures a surprise until after the students heaxtired
all the samples€=xplain the texture triangle and what it represents. For example, relate
the fibers thamake up fabrics; like the many different textures of fabrics, there are also
many diferent textures of soi(12). Explain how particle size affects soil texture (the

smaller the particle, the smoother the texture).etc

2. Have each student start with a small handful of soil. Add water slowly, and knead the soll
in your hand until the water is absorb&dld more water if the sample is too dry, or add
mor e dr y tossaturatedlihé soili shodldhave a puttike congstency;sand will
not adhere easily as opposed to theasitt clay.
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3. Ask the students to describe the how the soil feels; is it sticky, smooth, grittjegic.
students fill out answers in the correspondiages of the activity bookleAsk what
samplecorresponds with what texture on the texturengle.Ask students which sample
they think will hold the most water (clay). Which soil will allow the most wtder

move/percolate through it (sard)

4. Switch between the three soil samples, and compare their similarities and differences.
Ask the students which particle size corresponds to which of the three samples they

worked with.Once all three groups have handled the different soil samples, britigeout

AGol dil ocks Soil. o0 Have each student worKk

texture is (itdéds a mix of all three!). Mak

|l oam, and why it is the AGol dil anks; Sdoksen

drain too quickly or too slowly, holds nut
Variation:

Challenge the students to a ribboning contest. With a moistened soil sample, form it into
a ball in the palm of your han8gueeze the baletween your thumb and forefinger to
make a ribbonsee Figure 7 for making a soil ribbd®ee which soil makes the longest

ribbon, and who can make the longest ribbon.

Notes/Helpful Tips

1 Texturing soil can be rather messy, especially with young studedtgou may want to
do it outside Having a hand washing station neafbla bucket full of warm water for

rinsing and dipping hands int@r aprons/lab coats can help minimize the mess.
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1 The soil textures do not necessarily need
be entirely one padie size (for example,
pure clay. Consult thesoil texturadtriangle
in the AppendiXor similar textures of the

samples you plan to include in the activity

1 Depending on the soil samples used, theyFigureQ- Mortar andpestle UnidanX, 2016).
may need to be ground down with a mortar and pestle and passed threogh si@ve.

See figure® and 10for photos ofa mortar/pestle and sievdse the finer particles that

passed through the
sieve for texturing.
Save the coarser
particles that did not
pass through the sieve
for the soil chemistry

aCtiVity- Grinding soil Figurel0- 2-mm sieve (Ormonde, 2017).

and using a sieve e&asy and can be a fun adigdin to texturing for studda.
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ACTIVITY 3 - CHEMICAL

Title: Fun with Filtration(Soil Chemistry)

Learning Objectives/Brief Description:

1 Educate students on theportance
of soll filtration

9 Define cations and anions

Materials Needed:

=

50 mL graduatetiurettes

1 Funneb

1 Cheese cloth dCoffee filter/filter
paper

1 EosinYellow solution(negative

charge)

1 Methylene Blue Solutiofpositive
Figurell- Lab equipment set up (Ormonde, 2017).

charge
ge) 1 2 containers for collecting the filtrate
1 Deionized Water (100 mL)
T 2-mm sieve 1 Stand

T Mortarand pestle 1 Soil with a clayey texturand good

1 Containers for holding the sdil00 structure

mL) 1 Sand(optional)
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