


Land Acknowledgement

We would like to acknowledge that the Saint Louis Zoo is located
on the traditional, ancestral, and unceded territory of the Osage
Nation and the lllini Confederacy. We also acknowledge that this
area and parts of Missouri had been traditionally used by others
including the Pawnee, Sac and Fox, Dakota, Lakota, Otoe,
Missouria, Omaha, loway, Quapaw, Chickasaw, Kickapoo and the
Haudenosaunee. The process of knowing and acknowledging the
ground beneath our feet is a way of honoring and expressing
ratitude for the people on this land before us. It familiarizes




Franklin D. Roosevelt, 32nd
President, 1882-1945

“The nation that destroys
its soll destroys itself.”
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The earth is your grandmother and mother, and she is sacred.
Every step that is taken upon her should be as a prayer.

Hehaka Sapa (Black Elk), Oglala Lakota
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Soil

= Uppermost layer of Earth’s
crust that supports plants,
animals and microbes

= Soil Forming Factors
- Weathering of parent material
- Time
- 1inch of soil may take 200 to 1000




Soil Composition - “typical soil”

= Mineral Particles (45%)
- Weathered rock
= Organic Material (5%)
- Litter, animal dung, dead remains
of plants and animals
- Humus — black organic matter

Jim Rrdurdson'Mutivne] Geuyruphe Imoge Colhicun



Soil paricles

S Sl air

Soil watar

fwih dissolveo
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Healthy Soil Degraded Soil
Good structure Weak structure
Water inflitration into soil pores No water Infiltration soll pores clogged
Slows water velocity Water runs off quickly
Dark color Light color
High organic matter Low organic matter
Soll surface Is covered with dead vegetation Soll surface Is covered with a soll crust




3rd layer: Subsoil
(rich in small mineral
particlies that plants
need for growing).

Top layer. Home to insects
and a range of beneficial
micro-organisms which
break previous crop residue
down and convert it
into soil nutrients.

2nd layer: Topsoil
(humus-rich layer of soil
that provides the best
growing medium for
plants). Abundant in soil
micro-organisms. topsoil
1 a zone where seeds
germinate and plant
roots thrive.

4th layer: Weathered
parent material

Sth layer: Parent rock
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Mycorrhizal
roots

Mycorrhizal roots aid
mineral nutrient uptake
and speed up plant
growth. Rhizosphere ~
a zone around the roots
of the plant - harbours
benseficial micro-
organisms such as
nitrogen-fixing bacteria
and mycorrhizal fungi
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Nematodes Mites

Beneficlal nematodes
help to regulate rates of
decomposition and
nutrient minemalisation,
Mites break down old
material and enrich 501l
with nutrients,
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Protozoa
Be
Bacteria
Fungi

Bacteria decompose
organic matter. mineralise
nutrients, fix nitrogen,
enrich soil fertility, help
plant growth and fight
root diseazes. Fungi
break down surface litter

and help to bind soil
particles. Protozoa
facilitate eaze of nutrient
uptake.

o
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Beetles reduce
weead seed
numbers

and feed on
crop pests.

Earthworms create

soil macro-pores to aid
water and air circulation,
mix topsoil and aid zoil
decomposition
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Thick, acidic,

Forest mxer\ organic debris, o :
Mixture of humus [~ Light- 8 M o
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Soil is Full of Life

I XM f sW@BE.  There are
2 TN ' ‘ > more living

Fea3 wanm

Image from the book The World Beneath Our Feet: A Guide to Life in the Soil by Dr James Nardi
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Microflora and microfauna Mesofauna Maucro- and megalauna
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Producers

1. Little bluestem
2. Partridge pea
3. Nitrogen-fixing bacteria

Primary Consumers

4, Fungi

5. Bacteria

6. Nematodes
7. Earthworm

Secondary Consumers

8.Tiger beetle larva
9. Soil centipede
10. Ground beetle

Tertiary Consumers

11. Northern flicker
12. Eastern mole




FEEDING INTERACTIONS AND FUNCTIONING OF SOILS

(1: Bird preying on an earthvworm
13} Spider that caught a sprintail
] s‘ Cillate teading on othar pratists
{4 Dragownfly that caught a sofl-amarged gnat
! 21 Wood-feeding termites
. .{9‘ Earthworm moves and transforms litter and soil, supporting soil structure
B 7> ﬁ'lmlll.udc grazing on and shredding leaf Intter
: (_ Fumngal feading fy larvas
(@ Oribatid mite graxing on fungal strands {mycalium)
r!ri Flagellate feeding on bacterin in the root zone Irhizosphens)
. 411 Tardigrade feeding on soil algac
: iz Rootfecding bestia larvac
0% Root-feading nematodac

PREDATION

Soll animals are a food resource
for many terrestrlal Invertebrate |
and vertebrate predators.
Predators control animal
populations, and thus support
biodiversity and stability of soil

communities.

growth in some
‘ecosystems, and

algivores that fead on
non-vascular plants

qnd helpm ﬂ'ulr

DETRITIVORY|

Large sofl animals shfed

‘and transform all kinds of

dead orgam:mm

(leaves, roots, wood, MICROBIVORY
carri ) lati
d.m:gmﬂﬁz By feeding on fungi and bacteria, soil

animals change the number and
composition of microbial
communities, thus regulating nutrient
cycles In soll and plant growth,

soil organic matter and
fomllqg soil structure.




Foodweb pyramid in one square meter of soil

James B. Nardi, Life in the Soil, 2007




Ecological Roles of Soil Animals

Decomposers
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Food and Agriculture
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Soil Organisms

Bacteria Fungl
» Most abundant soil organism  Very abundant
(biomass) « Decompose plant residue
* Feed on carbon, contribute to « Regulate pathogens
decomposition, are eaten by micro- « Multiply the capacity of roots to
and mesofauna absorb water, nutrients and tolerate
 Transform atmospheric N2 drought

(Nitrogen) to forms that are available
to plants '




Protozoans

What to look for:

« Amoebae: cytoplasmic extensions

+ Testate Amoebae: shell-like test

- Ciliates: use cilia to sense or move

« Flagellates: use whip-like organs to propel

Where they live:
* In water film, shallow and deep soil




Rotifers and Tardigrades

(Phylum Rotifera and Tardigrada)
What to look for:
» Rotifers: crowns of cilia for vortex
feeding
« Tardigrades (water bears): eight stubby
legs with claws, piercing mouthparts

Where they live:
 In water films within the soil and leaf
litter



Nematodes/Round Worms

Phylum Nematoda

What to look for:

« Unsegmented transparent worms
with tapered ends

« Specialized mouthparts for food
resources

Where they live:
* In water films or pores within soils

Agricultural/Ecological Roles:




Potworms
(Phylum Annelida, Class Clitellata, Order Tubificida, Family Enchytraeidae)

What to look for:
«  White segmented worms, smaller
than earthworms

Where they live:
* In upper soil layer

Agricultural/Ecological Roles:
« Ecosystem engineers,
integrating organic matter and



Earthworms
(Phylum Annelida, Class Clitellata, Order Opithopora

What to look for:
« Tube-like, segmented bodies
« Clitellum present, closer to head

Where they live:
« Soil surface and leaf litter; with in soil
layers, and in deep soil

Agricultural/Ecological Roles:
« Impact soil structure through burrowing




Snails and Slugs

(Phylum Mollusca, Class Gastropoda, Order Pulmonata)

What to look for:

« Slime/mucus covered body with one or two .
pairs of tentacles on head B
« Shell in snails

Where they live: SR 41
Soil surface and leaf litter; on plants, under B o R
logs, bark and rocks | '




Arthropods: Springtails

(Phylum Arthropoda, Class Collembola)

What to look for:

- Some are elongate, others are
globular

» Furcula that propels like a spring

Where they live:
« Leaf litter, decaying logs, fungi, soil
surface; within soil layers

Agricultural/Ecological Roles:




Arthropods: Millipedes

What to look for:

« Elongated, segmented body with
two pairs of legs per segment

« One pair of antennae, chewing
mouth parts

Where they live:
» Leaf litter, upper soil layer, under
logs, stones, a few in deep soils

Agricultural/Ecological Roles:
« Decomposers, scavengers,
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Arthropods: Centipedes

(Phylum Arthropoda, Class Chilopoda)

What to look for:

« Segmented body, often flattened,
with one pair of legs per segment

» First pair of legs modified to
inject venom

Where they live: ‘
- Soil layers-shallow and deep; [N [t




Arthropods: Mites

(Phylum Arthropoda, Class Arachnida)

What to look for:
 Pear shaped, dark bodies
« Adults with eight legs

Where they live:
« Soil surface, within soil layers, and in
deep soil

Agricultural/Ecological Roles:
» Critical decomposers; some are




Arthropods: Spiders

(Phylum Arthropoda, Class Arachnida)

What to look for: |
« Two body regions, eight legs, =
multiple eyes N
- Fang-like Chelicerae for i
capturing, injecting or digging -~ !’"

Where they live: v
- Soil surface, leaf litter, in webs



Arthropods: Insects
(Phylum Arthropoda, Class Insecta)




Insects: Flower Flies
(Class Insecta, Order Diptera, Family Syrphidae)

What to look for:

« Adults have coloration that mimics
bees or wasps

- Larvae are gray-green, legless

Where they live:

« Larvae live within leaf litter or rotting
wood or on plants

« Adults on flowers e

Agricultural/Ecological Roles:



Insects: Soldier Beetles

(Class Insecta, Order Coleoptera, Family Cantharidae)
L

What to look for:

« Adults with leathery wing covers

« Larvae are dark with sickle shaped
jaws

Where they live:
« Larvae soil, leaf litter, under stones
« Adults on flowers




Insects: Fireflies

(Class Insecta, Order Coleoptera, Family Lampyridae)

What to look for:

« Adults with leathery wing covers

- Larvae, heavily segmented

 Luminous segments in adults and
larvae

Where they live:
« Leaf litter, under bark; adults in tall
grass



Insects: Ground Beetles

(Class Insecta, Order Coleoptera, Family Carabidae)

What to look for:

« Adults usually with brown, black color
and ridges wing covers

« Larvae with sickle like jaws

Where they live:
« Soil, leaf litter

} and LR: Jim Kalisch, UNL Entomology

U riversity of Netewsia
P8 A0 eparoment of Entomoloyy




Insects: Carrion and Burying Beetles

(Class Insecta, Order Coleoptera, Family Silphidae)

What to look for:
Burying beetles, red, orange and
black Carrion beetles: oval bodies, black
with yellow or orange

Where they live:
Within or below carrion



Insects: Dung Beetles

(Class Insecta, Order Coleoptera, Family Geotrupidae and Scarabaeidae)
What to look for:
« Adults with oval bodies, clubbed antennae
and scalloped legs
- Larvae are c-shaped

Where they live:

« Larvae are within dung or within nests with
dung

« Adults in many habitats

Agricultural/Ecological Roles:




Insects: Ants

(Class Insecta, Order Hymenoptera, Family Formicidae)

What to look for:

 Red, brown, black
 Constricted “waist” with lobes
 Elbowed antennae

Where they live:
« Underground in nests, leaf litter

Agricultural/Ecological Roles:
« Ecosystem engineers, predators,



Insects: Ground Nesting Bees

Class Insecta, Order Hymenoptera, Superfamily Apoidea, Family several)

What to look for:
« Constricted waist, often hairy, pollen
carrying structures

Where they live:
- Larvae (young) in nests in the soil, adults
are found on flowers

Agricultural/Ecological Roles:



Insects: Ground Nesting Predatory Wasps

(Class Insecta, Order Hymenoptera, Superfamily Apoidea, Family various)

What to look for:
« Adults with constricted waist
* No pollen carrying structures, not hairy

Where they live:
- Larvae (young) in nests in the soil, adults ”” L
are found on flowers o s

Agricultural/Ecological Roles:
Predators important in biocontrol;
pollinators; diggers



Vertebrates

What to look for:
« Various species

Where they live:
 Soil surface and below

Agricultural/Ecological Roles:



Soil Life: Pests

Scarab beetle grubs Wireworms

What to look for:



Pasture/range Jj Forest [ Cropland [l Special Use J Miscellaneous i Urban
= « 1million acres

Using surveys, satellite images and categorizations from various government agencies,
the U.S, Department of Agriculture divides the U.S. into six major types of land. The
data can’t be pinpointed to a city block—each square on the map represents 250,000
acres of land. But piecing the data together state-by-state can give a general sense of
how U.S. land is used.




538.6M acres 69.4M acres

Forest
391.5M acres Hirban

Cropland

168.6M acres
Special Use

Gathered together, cropland would take up more than a fifth of the 48 contiguous states. |
Pasture and rangeland would cover most of the Western U.S., and all of the country’s
cities and towns would fit neatly in the Northeast.

Here’s How

America Uses Its ‘ L
Land s vt
By Dave Merrill |
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and Lauren p?::‘;?/
Leatherby
Bloomberg: July
31,2018
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Soil Health

Soil Health, also referred to
as Soil Quality, is defined as
the continued capacity of soill
to function as a vital living
ecosystem that sustains
plants, animals, and humans.
This definition speaks to the
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Soil Health is Central:
Food, Crop, Farm and Ecosystem Health
Dependence Upon Soil Health

Quality
* Nutrition
* Flavor, Aroma
*“Clean”
| el (toxin-free)
*."___: Shel Soil fShelf Life |

Wl Health

\ b
. *Soil organic
' matter

\G Economic viability

. «Climate

_“a resilience | |




Practices that can put Soil Health at Risk

Tillage

- Breaks up soil structure, destroys
aggregates and soil pores

- Existing channels for water infiltration
from dead roots and earthworm and
animal tunnels are lost

 Loss of soil cover increases soil

temperatures

''''''''''
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Synthetic Fertilizers

- Creates spikes in the " Feedthesoil /' Feedtheplant
= e, ] (’/ e ° (4
abundance of available w 9. | ‘0

. \.,,_-.1 @ ‘_ ‘vo.‘ ~ ~» Lok A bk . Ny AR 1 N A Lad o v MEORLY 1‘. ;
nitrogen, phosphorous and Bl S s b (S o «'«.\L Ly
potassium can disrupt the ORGANEMAWER ONENUIRENTD /3l R PLANT NUTRIENTS

A o

process of decomposition e ean S5 e ) ; .

Table 2: An Overview Comparison of Natural and Synthetic Fertilizers

Natural Organic Fertilizer Synthetic Fertilizer
Less efficient—Iless N for the money. More efficient—more N for the money.
Application difficulty due to large amount Application difficulty due to greater potential

of applied product and lack of appropriate for physiological burn if overlap is too great.
application equipment,

Slow-release. Dependent on soll Tailored to meet needs of trf and season.
temperature (microbial activity) for release. Readily available to turf in both quick and
» slow-release forms.

Low input from nonrenewable resources.* High input from nonrenewable resources.

More sustainable. Less sustainable.

*Nonrenewable resources include extracted phosphorus and fossil fuels (coal, gas, off) required fo produce the
transport it & )



GARDEN
CENTRE

L= 1 —— ' z0il b
22 4, water

Only 5% of neonics applied to seeds enter actual crops — around 94%
seep into the soil and water and 1% enter the air as highly toxic dust

Dust ~ Spray Drift

Neorioatinods con b raleazed

as dust froen coated seads during
machanizadd plarcing This dust <an
move of-site exgosing bees or
contaminating ron tarot sites.

Whan apglied 26 2 spray, nconicotinokds
can arift off ake directly exposing beea
Of Certaminaling noe-larg el 5tas,

Persistence

Mt naonicotino ds
aew long-livad, As
wach they @n porsist
Inthe envircament for
renths to years after
an appieation
Leaching
Neonicotinoids can
leach inta subaurfaos
weistie wheme theey oo
oniler grounid waler of
be taken up by neigh:
boring plants.

Watershed Contamination
Nosnicotnoics aw watassalobka
by Sesign. This means they can
maove with shallow subsurfnoe

Hlow or wrth surface nunoff inte
lcd waarbodes

PSEE

for ke tobrite Cormsrvalon

Movement Into

Habitst of Ground

Nesting Insects

70% of nathve bees are ground nest-
ing. Ground nesting raects could
Secome cortaminated, sspocally

when neonicotinods are applied o
azoi drench.

Lhustraicn by the Keroes Socety S Jastin Whaeler

Plants take up neonic
ctinolds, alowing the
chamvcal 1e spread
through the plant’s tis-
sues potertally expos-
ng Insocts that eat
palken, mactar or other
olart tesum

Wind Erosion

Neonicotroids have
beoon found In zail and
il st Cortaminated

aoil can b S by
wind,

xerces.org/pesticides




MAXIMIZE CONTINUOUS .

LIVING ROOTS

* Crop Rotation

* Relay Crops

* Forage and Biomass
* Planting

* Perennial Crops

* Cover Crops

MAXIMIZE
BIODIVERSITY

* Crop Rotation

* Rotational Grazing

* IPM

* Pollinator Plantings

* Organic Fertilizers

* Legumes in Mix

* Agroforestry

* Cover Crops

* Crop/ Livestock Integration

' SOIL HEALTH

PRINCIPLES

MINIMIZE
DISTURBANCE

* No-till

* Reduced Tillage

* Controlled Traffic

* Avoid Tillage When Wet
* |IPM

MAXIMIZE
SOIL COVER

* Mulching

* Reduced Tillage

* Forage and Biomass Planting
* Residue Retention

* Cover Crops

* Green Manures




Practices that can improve Soil Health

No-Till and Conservation Tillage

RESOURCES:

w

DECREASED
labor time

MORE family time
FEWER ™™

passes &

LESS equipment
wear & tear: Avarage -
SS per acre savings'

Eﬂ REDUCED

fuel costs:
Average - 3.5 gallons
per acre savings'

SOIL HEALTH

IMPROVES}J"'
50il RAN!
aggregation! - ‘ -
for roots to establish

INCREASES
organic
matter
FEEDING
the blology
REDUCED soil

erosion by
90%'

. il

WATER

.

IMPROVES water
availability

A

"._,. - - —

REDUCES sediment

‘ loading
IMPROVING
water clarity

REDUCES

W

nutrient
runoff " o,

o REDUCING
y algal
\ blooms
& dead zones

" walaus crtedd boe “Top 10 Commrvation Thage Benw®ts * Commrvason Techroogy Informetion Certer ot Purtios Undeecutty (J007)




Cro9 pigrzl

o < : ‘\\ K
3 e |
- rotation length hf'op sequence
&3 53 2 yr - m-=sb
o 15 3yr -sb-g
38 4 yr m-sb-g/a-a

s

Aerial view of the Marsden Farm (lowa State) plots. (m=corn/maize, s=soybeans, g=smaii grain, a=alfalfa)



reduce
erosion

Suppress
nematodes

Suppress

weeds
Increase

infiltration
of water

enhance
mycorrhizal
numbers

decrease
nutrient
loss

add
organic
matter

attract
beneficial
insects

Summer Flowering Cover Crops Support Wild Bees in Vineyards.
Houston Wilson, Jessica S. Wong, Robbin W. Thorp, Albie F. Miles, _ -5
Kent M. Daane, and Miguel A. Altieri. 2017. Environmental : ' @ 2.

Entomology, 47(1), 2018, 63—-69 .

" ‘_‘itr_- .*4
- -

.

-



Soil Conservation

= Contour Plowing

- Plowing around hill
instead of up-down

= Strip Cropping
- Alternating strips of
different crops along




Eraige Stips

Prairie strips improve biodiversity and the delivery of
multiple ecosystem services from corn—-soybean
croplands

Lisa A. Schulte, Jarad Niemi, Matthew J. Helmers, Matt
Liebman, J. Gordon Arbuckle, David E. James, Randall
K. Kolka, Matthew E. O’Neal, Mark D. Tomer, John C.
Tyndall, Heidi Asbjornsen, Pauline Drobney, Jeri

Neal, Gary Van Ryswyk, and Chris Witte. PNAS October
17,2017 114 (42) 11247-11252

Schematic representation of the STRIPS experiment. Treatments
from left to right are 100% row crop control (A), 90% row crop
and 10% footslope prairie strip (B), 90% row crop and 10%
contour prairie strips (C), and 80% row crop and 20% contour
prairie strips (D).



Eraige Stips

i
1
1
1
On an average 100% crop field: = What 10% in prairie strips can do:
13 plant species | Fourfold increase in plant species
1 bird species, 2 birds per field = Twice the bird species,
[ | three times the abundance
~ 1
1
% 1
\ ﬁ l 4! i
| * ‘\ \\\\ \ \ “‘ 7‘. Wl ﬁ &
g3
g3
Ao 23
AR i g
ge
EEEIETERESIETRE] [ o' o ol eoor H

|
Lk luslades piluspiivius luse |

. 90% less phosphorus export

Insect pollinator abundance was also 3.5 times higher



Preserving Soil Fertility

= Organic fertilizers

- Animal manure, crop residue, bone
meal and CompOSt Feeding the soil

- Nutrient available to plants only as
material decomposes

* Inorganic fertilizers




Windbreaks and Shelterbelts

Some Benefits PREVAILING WIN
Soil Protection ~ ﬂ
Increased Crop Production '

. . : = - o TALL =
-Livestock Protection and mf’ e T e Ul mEf_J T

Ponderona Poe | Green Agh American Elm | Boxelder Lilac
Bur Qak Ceottonwood Rustsan Olive
Hackberry | Siberen Elm | Agricot

White Willew | Harbvn Rear
Homexdocusr
Seft Maple Cotoncaster

Go&n Caurrant

Aromatic Sumsc
Nanking Cherry




Mulch

Mulch is simply a protective layer of a
material that is spread on top of the soll

Muich

 Protects the soil from erosion

« Reduces compaction from the impact of
heavy rains

« Conserves moisture, reducing the need for

frequent watering




Farming Practices and Soil Life

_ More Soil Life _ Less Soil Life

Tillage No-Till Minimal Conventional

Fertilizers Organic Inorganic
Pesticides Lower Higher

Above-ground Higher Lower

Diversity



Life 1in the Soil

A Guide for Naturalists and Gardeners

Farming with Soil Life

A HANDBOOK FOR SUPPORTING SOIL INVERTEBRATES
AND SOIL HEALTH ON FARMS

arettler OO0l Shedtuni Fris i
Errdy May, s Frie L Wit
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