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This Talk in 5 %5 Questions.

In relationship to on-farm habitat management,
what are our goals?

Broadly speaking, what are our tools both in terms
of habitat creation/conservation and in terms of
‘support structures’?

| How do we know if we accomplish our goals - what

do we need to know in order to evaluate the
effectiveness of our habitat?

How do farmers and ecologists best communicate?
What does each have to learn about the other?

How, why, & when should we think beyond the
farm fences? What is the role for public/consumer
involvement?

(Are the terms "pest" and "beneficial" stereotypes?
How do perceptions of ‘good’ and ‘bad’ differ with
farming system and what you measure?)
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In relationship to on-farm habitat management,
what are our goals?

Why does this work excite us?
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It excites me when I
get little glimpses of
the flow of life.




In the facéof such - -

', challenges as habitat
. loss, climate change, ’
A po'll n, rampant .
roaJVSQand pest1c1(’

" use, how do we protect ’
~ this precious flow?
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Perhaps your goal
1S to increase the
populations of

rare and/or
beneficial insects.




By conserving/

improving
habitats, one can
help enhance




You might want to
help cropland benefit
from flows of those

creatures.
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For example
might need to
create ‘habitat
guideposts’ to
draw insects out
towards crop



=
©)
>

>

For example
might need to
create ‘habitat
guideposts’ to
draw insects out
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And create
suitable crop
conditions for



l.e., you want
to install the
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Now realize that
there are umpteen
creatures out
there, whose
flows may or may
not interact with
your activity.













| How do we simultaneously look at these ‘
creatures and their flows as — '

embodiments of beauty,

| potential collaborators in our toils,

A and as beings & patterns which we should
S be humble enough to conserve for their
own sakes?

;
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William Boden. Followers of the Plough. (1919)
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k’support structures’?
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Broadly speaking, what are our
tools both in terms of habitat
creation/conservation and in
terms of ‘support structures’,
e.g. appropriate crops and
cultivars, healthy soils,
appropriate scale?

John Mortimer, The Whole Art of Husbandry,
Dublin, 1721
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If you want power for
your mill —i.e., if you
want a flow of
beneficials — then what’s
the watershed? What
parts of the landscape
might support that flow?

T Ay S




If you want power for
your mill —i.e., if you
want a flow of
beneficials — then what’s
the watershed? What
parts of the landscape
might support that flow?

Vs




Crop Field

v ‘!»e-r-.'w:j‘—|~;v~::"--;rx-~‘»-,-‘1n‘~r T’QT-"F”TﬂmJﬁT.w'—W“: F 1] A .\._-

e
N B v

3
v =
o
e

o -
gty =

4 z

oo

7
gl i

¢
3tk
P U AP
L
Iy "
e
w1 \
A =

~




Ground

Beetles
Hover Flies
Lady Beetles

Native Bees
Wasps
Spiders

Ground Beetles

Hover Flies
Lady Beetles

Native Bees
Wasps

Spiders

Crop Field

T e

s

Ground Beetles
Hover Flies
Lady Beetles
Native Bees
Wasps

Spiders

Ground Beetles
Hover Flies

Native Bees
Wasps
Spiders




Ground

Beetles
Hover Flies
Lady Beetles

Native Bees
Wasps
Spiders

| ki by b "1""T T ;“"1"'T’" "*‘YT*"’"’“*—T‘ ]

Crop Field

% ’

E‘f—""'

diversity of
beneficials may

of habitats in the
‘watershed..

- e e

Ground Beetles
Hover Flies

Lady Beetles
Native Bees

Wasps
Spiders

[ Ground Beetles

Hover Flies
Lady Beetles
Native Bees

Spiders

Ag Nt




Let’s look at
one group
more
closely:

Ground
Beetles can
be pest and
weed-seed
predators,
they’re also
interesting
ecologically.




There are
distinct ground
beetle
communities
associated with
different
habitats in the
landscape, for
example....
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_Pterostichus rostratus. . Sphaeroderus
A ke // stenostomus




A ‘Family Tree’ of Regional Ground Beetle Communities

ysng auid

}d [enein

pue|qnays puejdn
ainysed

PI2!4 PIO

doi)

MPIN P3iue|d aAREN

puejiap uadg
MPpIA }2/\\ snoauedje)

mopea 1M
}sai104 dwemg
dwems gniys

apisweall}s
au||a40ys uospnH
}saio4 uiejdpoo|4

poompieH uiaypopn
)20 |waH

}sa104 Suno)
152104 auld
Aox)aiH-eQ
snje] snoaied|e)

adojs snje] J1pldY

daag/|jood |euiap
yiesH 3jeQ

Diagrams like this indicate which communities

have the most similar sets of species.
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A ‘Family Tree’ of Regional Ground Beetle Communities
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For example, the Ground Beetles communities of Hemlock

& Northern Hardwood Forests are very similar, whereas...
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A ‘Family Tree’ of Regional Ground Beetle Communities
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those of Hemlock Forests and
Pastures are very different.
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A ‘Family Tree’ of Regional Ground Beetle Communities
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Imagine those flows again — with work
like this, we are better able to predict
which habitats might do the most
species sharing.




Now, let’s look more closely at the interface
between farm field and wilder habitat —
which species are likely to be shared and do
we have any evidence of movement?

B



To what degree do the
beneficials here,

overlap with the beneficials
here?




300’

Chlaenius

aestivus

An example with
ground beetle
communities...
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600’

Anisodactylus
sanctaecrucis

Hamalus
pensylvonicus

Bembidion
guadnmac.

Pterostichus
melanarnius
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These are
probably the
crop field
species most
likely to be
affected by
adjacent
woodland
habitat.
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% of Cropland Ground Beetle Species
Shared with Given Habitat.
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The “Commuter” species associated with
various non-crop habitats
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Information like
this helps us map
the potential
‘watershed’
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For a given group of
beneficials, it shows
us which habitat
patches are most
likely to share species
with crop fields.




Winter

A specific example of how a
diversity of on-farm habitats
can support beneficials.













Based HVS student Martin 'IUIV

Holdrege’s senior project,
about % of the bee species
found on crops during
summer....

....................
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started the season on the
wildflowers of adjacent
floodplain forests.

May




In other words, for bees at least,
the adjacent floodplains seem to
be linked to what is happening
in the crop fields themselves.

....................
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Can we
measure

this flow?
H- J
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‘Wilds’
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Overall, the captures of most insect
groups 1s greatest on the wild side.

]

th Sides

% of All Captures, B







Do we have evidence that
beneficials from non-crop habitats
move into crops and, if so, how

far? ‘
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Proportion of All Captures along Transect

1.00
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0.50
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One simple way to describe

these patterns is by asking,

mathematically, what edge
captures are relative to...
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Proportion of All Captures along Transect

1.00 average of the in-field

abundances.

0.75

0.50

0.25

0.00

Edge 300’ 60(

-O=Bees



Ratio of Edge Capturesto Deep-field Captures

If edge captures were equal to average captures deeper into field. >1 means
edges higher; <1 means deep-field higher.
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MONTH



Ratio of Edge Capturesto Deep-field Captures

2.5

1.5

0.5

If edge captures were equal to average captures deeper into field. >1 means
edges higher; <1 means deep-field higher.

In other words, relatively
speaking, edge life is most
vibrant early and late in
the growing season.
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Look at how much of the

row-cultivated land is
outside of the 600’ — what

can one do?




Installing hedgerows might
improve ‘circulation’.




And result in much
greater bed
coverage.
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This Talk in 5 % Questions.

In relationship to on-farm habitat management,
what are our goals?

Broadly speaking, what are our tools both in terms
of habitat creation/conservation and in terms of
‘support structures’?

| How do we know if we accomplish our goals - what

do we need to know in order to evaluate the
effectiveness of our habitat?

How do farmers and ecologists best communicate?
What does each have to learn about the other?

How, why, & when should we think beyond the

farm fences? What is the role for public/consumer
involvement?

(Are the terms "pest" and "beneficial" stereotypes?
How do perceptions of ‘good’ and ‘bad’ differ with

farming system and what you measure?)



How do we know if we accomplish
our goals - what do we need to
know in order to evaluate the
effectiveness of our habitat and
how do we collect that %

information?




Where do msects pass
the long, dark, cold

nights of winter?




“Emergence” traps — catch
insects as they come out of
hibernation in the Spring.
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Caterpillar

Ground Beetle
Rove Beetle
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Spiders
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Ground
Beetle

Rove Beetle
Bugs

Click Beetle
Micro Wasp
Leafhopper

Wolf Spider
Other Spiders
Flea Beetle
Caterpillar

Micro
WENq
Wolf Spider



Data from:

Collins, K.L., N.D. Boatman, A.
Wilcox, J.M. Holland, and K.
Chaney. 2002. The influence of
beetle banks on aphid
population predation in winter
wheat. Agriculture, Ecosystems
and Environment 93:337-350.

Beetle Banks as winter beetle refuges.
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A -~ SR https://southwoodsforestgardens.blogspot.com/




Data from:

Collins, K.L, N.D. Boatman, A. Beetle Banks as winter beetle refuges.
Wilcox, J.M. Holland, and K.

Chaney. 2002. The influence of

beetle banks on aphid

population predation in winter

wheat. Agriculture, Ecosystems

and Environment 93:337-350.
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Index of Relative Abundance

2.5

1.5

0.5

An example of the consequences of
field practices —tillage/mulch.

Bare Ground

M Ground Beetle

Plastic Mulch

® millipede ™ rove beetles

Straw Mulch

" cricket









We try to use an array of
techniques because no one
technique is perfect, but if
we’re seeing consistent results
across methods, then maybe,
just maybe, we’re seeing
something ‘real’.
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The Top Plots for Select Beneficials & Pests
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C: A: B:
Fallow Flowery | Grassy
Micro Wasps Lady Beetles | = Spiders
Flea Beetles == HoverFlies &8 Weevils
Tarnished Long-legged
Plant Bugs e Flies
Leafhoppers Wild Bees
Butterflies




Number of Taxa

20

18

16

14

12

10

Butterflies

Diversity

Bees

DA OB M Fallow Control

Wasps
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Number Ripe Squash

Seed Mix A

Seed Mix B

TOTAL HARVEST (Ibs))|

Fallow Control

Seed Mix A

Seed Mix B

Fallow Control

MEAN WEIGHT (Ibs)|

Seed Mix A Seed Mix B Fallow Control

More and bigger squash,
resulting in greater total harvest
beside the Fallow Control.




Hold on, what?!

Why might squash grow
best next to our fallow
control plots?



1.4 -

0.8 -

0.6 -+

Might pest damage
be stunting growth
in mixes A and B?

0.2 +

Integrated Relative Squash and Broccoli Damage

Seed Mix A Seed Mix B Fallow Control



C:
Fallow

Micro Wasp ;
Flea Beetles
Tarnished
Plant Bugs
Leafhoppers

& B:
| Flowery = Grassy

lady & Spiders

+| Beetles 0 Weevils

- Hover Flies &
Long-legged
Flies G

| Wild Bees

Butterflies




Why wasps
might be
having an
effect on pest
damage.




Why might micro wasps favor

SRR
s o,

12-June-
2019



Comparison of Flower Use by Bumblebees and Wasps

Bumblebees (n=551)

Blk-eyed 87% seeded

Susan

Monarda

Blk-eyed
Susan

Horseweed
(underestimated?)

All Wasps (n=215)
42% seeded

Seeded

(visual surveys by Erin E. Allen in the native meadow trials, 2018)

O Black-eyed Susan

B Brown-eyed Susan

B Echinacea purpurea

0O Goldenrod sp.

O Lance-leaved Coreopsis

B Monarda fistulosa

B New England Aster

_I Partridge Pea

O Annual Fleabane]’nat.
O Horseweed

O Queen Anne's Lace

B Red Clover

B Vetch

O White Clover
O Wild Radish

B other flowers



Beauty is in the eye of the beholder
and, to a small wasp, this -

VY

may be more
appealing than....



Beauty is in the eye of the beholder
and, to a small wasp, this -

may be
more
appealing
than this -




Sweep Captures

450

400

350

300

250

200

150

100

50

Or maybe?? prey abundance.

Solid Colors = Microwasps
Hatched Colors = Aphids

Seed Mix A

Seed Mix B

Fallow Control



o o o
o w o
m ~ ™~

450
400
350
150
100

50

sainjde) daams

Fallow Control

Seed Mix B

Seed Mix A



450

400

350

300

250

Sweep Captures

200

150

100

50

Seed Mix A Seed Mix B Fallow Control
B Micro Wasps ™ Aphids



4.5

3.5

2.5

Mean Weight (lbs)

1.5

0.5

due to pollination

Are the weight differences

4.54 |bs

differences??
3.96 Ibs 4.06 lbs
Seed Mix A Seed Mix B

Fallow Control
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TR, ¢ | ‘Fruit’ size in squash is often
by o affected by pollination. (Yes, these
EER S %) ° are cucs, but the same is said to
' | hold for Butternut Squash.)
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https://vegetablegrowersnews.com/news/disorders-in-summer-squash-cucumbers-revisited/ G JOh nson
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CAPTURES
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2018- All Bees except Bumble Bees
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CAPTURES
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2018- All Bees except Bumble Bees

=

I Vane Traps
VANE MALAISE SWEEP VISUAL

Control
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Field 8

30

(AInrio/pueauny) ssuea Jo 13s Jad ssaq "BAY

2019

2018

2017

2016



Avg. bees per set of vanes (June and/or July)

30

25

20

15

10

2016

Field 8

Have the meadows helped to
‘raise the bee tide’ at the field
scale?

2017

2018

2019




Future Work:

* Repeat & diversify crops

» Study food webs in more detail (e.g., parasitoids and
predators)

Add more small flowers to seed mix and monitor results
Establish and monitor beetle banks in large fields.

George Inness, Hackensack . : : ) 5 y
J N PN L 4 /. 3 ”
Meadows Sunset : il RIS GRS Rt o S



George Inness, Lackawana
Valley, National Gallery of

This Talk in 5 % Questions.

In relationship to on-farm habitat management,
what are our goals?

Broadly speaking, what are our tools both in terms
of habitat creation/conservation and in terms of
‘support structures’?

| How do we know if we accomplish our goals - what
do we need to know in order to evaluate the
effectiveness of our habitat?

How do farmers and ecologists best communicate?
What does each have to learn about the other?

How, why, & when should we think beyond the
farm fences? What is the role for public/consumer
involvement?

(Are the terms "pest" and "beneficial" stereotypes?
How do perceptions of ‘good’ and ‘bad’ differ with
farming system and what you measure?)

2%,
.....



How do farmers and ecologists best
communicate?

What does each have to learn about the
other?

Adolf von Becker, Two Finnish Pilots, 1879.
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The Inscrutable Everything
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Tables can tell you a
lot too, especially if
the printis really
small!




George Inness, Lackawana
Valley, National Gallery of
Art ¥

This Talk in 5 % Questions.

In relationship to on-farm habitat management,
what are our goals?

Broadly speaking, what are our tools both in terms
of habitat creation/conservation and in terms of
‘support structures’?

| How do we know if we accomplish our goals - what
do we need to know in order to evaluate the
effectiveness of our habitat?

How do farmers and ecologists best communicate?
What does each have to learn about the other?

How, why, & when should we think beyond the
farm fences? What is the role for public/consumer
involvement?

(Are the terms "pest" and "beneficial" stereotypes?
How do perceptions of ‘good’ and ‘bad’ differ with
farming system and what you measure?)

2%,
.....
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How, why, & when do we think beyond the

farm fences? And how far can we go in ' ' R o f ;;",i
* r ¥ L :~\_‘ -
creating a biologically-diverse, e DA IR A
agroecologically-supportive landscape Ba el 5 b,
context for a farm without public/consumer . RS
involvement?
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Organic Orchard

Conventional Orchard



Apple “looks” vs. insect diversity




ty

iversi

Apple “looks” vs. insect d

apples from

quiet
orchards!




Legend
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How did the land
use around an
orchard affect the
beneficials found
in the orchard?

\*_* orchard
- water or wetland
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At 125m
At 500m

At 1500m

Wi ildflower

Roads
Buildings
Forest
Orchard
Field
Developed
Water

Roads
Buildings
Forest
Orchard
Field
Developed
Water

Correlations between in-orchard
invertebrate abundances and surrounding
land use characteristics.

All Flies

Native
Bees

Hover

Flies Wasps Moths  Butterflies Spiders

POS

POS POS POS




Distances at which

habitats have a major
effect on populations
of in-crop beneficials.

Birds,
Flower Flies

Rove Beetles,
Ground
Beetles,

Parasitic Wasps

Data from Schmidt et al. 2008; Martin et al. 2016

2 Linyphiidae Spiders

3 & N Predatory

LA




(% OF SPECIES)

BLOOM

OF

INITIATION

40}

As others have shown, a more diverse landscape offers
more resources, such as a variety of flowering times.

«=g Disturbed
1D BOQ
=5<= Woodland

N=92
N= 48
N=44

From Heinrich 1976




What is the socio-economic system within which these
farms are operating?

' B




Figure 7. New England Farmland 2060

Farmland, developed land,
and forest are found in a range
of mixtures across the landscape.
The landscape types and percentages
shown here are broad estimates, but
taken together they reflect over
70% of the land in forest, some
increase in “smart” development, and
6 million acres of farmland. Several
hundred thousand acres of intensively
11 cultivated land can be found in small
A N eW E n g la n d FOOd \/l S l O N pieces within cities and suburbs. In
semirural areas there is room for more
Healthy Food for All fruit and livestock production as well.
The woods and pasture part of the
landscape, along with places within
the heavily forested area, provide
scope for several million acres of dairy
and beef production. Parts of New
England that have remained devoted
to agriculture, such as Aroostook
County, the Champlain Valley, and the
Connecticut Valley, become even
more highly cultivated.

§ Y I 197
Sustainable Farm

Thriving Communities

. ACRES PERCENT PERCENT  PERCENT
Brian Donahue, Joanne Burke, Molly Anderson, Amanda Beal, Tom Kelly, Mark Lapping, LANDSCAPE TYPE FARMLAND FARMLAND DEVELOPED FOREST
Hannah Ramer, Russell Libby, Linda Berlin
@ urban 20,000 5 85 10
Suburban 210,000 15 60 25
Semi-rural 1,300,000 25 25 50
F If. I I a t h o o ‘ Highly Cultivated 1,170,000 60 10 30
u I Ing e V|S|On @ woods & Pastures 2,120,000 17 8 75
of this ma p wou Id ® rorest 1240,000 6 4 90
TOTAL 6,050,000 15 n 74

mean a tripling of
New England

farmland.




George Inness, Lackawana
Valley, National Gallery of
Art ¥

This Talk in 5 % Questions.

In relationship to on-farm habitat management,
what are our goals?

Broadly speaking, what are our tools both in terms
of habitat creation/conservation and in terms of
‘support structures’?

| How do we know if we accomplish our goals - what
do we need to know in order to evaluate the
effectiveness of our habitat?

How do farmers and ecologists best communicate?
What does each have to learn about the other?

How, why, & when should we think beyond the
farm fences? What is the role for public/consumer
involvement?

(Are the terms "pest" and "beneficial" stereotypes?
How do perceptions of ‘good’ and ‘bad’ differ with
farming system and what you measure?)

2%,
.....

|
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Are the terms "pest"
~ - dp
and "beneficial"
stereotypes? How do
perceptions of
‘good’ and ‘bad’
differ with farming
system and what
you measure?)

. "an van Kessel, A Dragon-fly, Two Moths, a Spider
oo S and Some Beetles; With Wildgt(awberries. ; ‘s Gv e o
NP ST A R gn ST BN s el el .



Something to think about:
How do you get certified as a bona fide ‘beneficial’?

BENEFICIAL LICENSE

ID: 012 345 678 CLASS D

DOCUMENT L 4
SAMPLE, LICENSE oROAN

2345 ANYPLACE AVE 00
ANYTOWN NY 12345

DOB: 06-09-85

SEX: MEYES:BR HT: 1cm
E: NONE 7

H: NONE X
ISSUED: 09-30-08 EXPIRES: 10-01-16 aAJ1201'521/




After two generations of conventional management which
was advised by standard soil nutrient tests, this farm had
excellent chemical scores on the Cornell soil health test.

chemical Soil pH

chemical  Extractable Phosphorus

chemical  Extractable Potassium

chemical  Minor Elements
Mg: 74.1 /Fe: 1.7 / Mn: 7.6 / Zn: 1.2




Measured Soil Textural Class: sandy loam

Sand: 66% - Silt: 28% - Clay: 5%

Group

biological

biological

biological

biological

biological

chemical

chemical

chemical

chemical

Overall Quality Score:

Indicator
Available Water Capacity
Surface Hardness

Subsurface Hardness

Aggregate Stability

Organic Matter

ACE Soil Protein Index

Root Pathogen Pressure
Soil Respiration

Active Carbon

Soil pH

Extractable Phosphorus

Extractable Potassium

Minor Elements

Mg: 74.1/Fe: 1.7 /Mn: 7.6 / Zn: 1.2

Value

0.20

252

495

4.3

0.9

2.9

3.5

0.3

152

6.5

11.0
122.4

Comprehensive Assessment of Soil Health

From the Cornell Soil Health Laboratory, Department of Sail and Crop Sciences, School of
Integrative Plant Science, Cornell University, Ithaca, NY 14853, http://sailhealth.cals.carnell.edu

Rating Constraints

—_

Subsurface P

Aeration, Infil
Sealing, Erosi

Nutrient and E
C Sequestrati

N Mineralizat

Energy Sourcg

100
100

100

49 / Medium

ration, Rooti
n, Runoff

(
n, Water Ref

Organic Mattqr Quality, Or

n

for Soil Biota

Rooting, Watqr Transmission

n/Deep Compaction, Deep
Rooting, Watqr and Nutrient Access

But you get what you test
for — many of the
remaining soil life and
structure measurements
were less positive.

Soil MicrobialJAbundance and Activity
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from edge

tree

In conventional/IPM orchards, leaf damage was greatest at the

edge; in organic orchards, leaf damage was highest farther in.

Dates: 29 May -16

June
Conventional (1136 leaves, 181 Organic (2747 leaves, 601
=IPM aphids) aphids)
aphids/100 % leaf area aphids/100
% leaf area damaged leaves damaged leaves

< 6.9% 287> 7.8% 15.0
2.5% 10.9 6.4% 17.5
3.6% 4.9 < 8.0% 284







Apparent Net Flow from Wild Side to Crop Side

1.2

0.8

0.6

0.4

0.2

-0.2

(The more positive the value, the more wild-
side captures exceeded crop-side ones. ‘0’
means that wild-side captures = crop-side)

M Beneficials [ Pests

Brush Long Herb
‘Wild-side’ Habitat

Short Herb



Apparent Net Flow from Wild Side to Crop Side

1.2

0.8

0.6

0.4

0.2

-0.2

Brush

(The more positive the value, the more wild-
side captures exceeded crop-side ones.)

W Beneficials M Pests

Long Herb Short Herb

What an ecological farmer sees?



Apparent Net Flow from Wild Side to Crop Side

1.2

0.8

0.6

0.4

0.2

i
-
P

Brush

B Beneficials

| Pests

Long Herb
What a conventional farmer sees?

I

Short Herb
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George Inness, Winter Evening



George Inness, Saco Ford Conway Meadows
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2017

2017

2018

2018

2019

2019

Aggregate Stability

2017 2018 2019

Phosphorus

2017 2018 2019

Fallow Fallow Fallow

2017 2018 | 2019

Fallow Fallow  Fallow

2017 2018 @ 2019
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1.25

1.2

11
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0.95

33

3.25

3.2

3.15

3.1

w

2.9

Organic Matter

Fallow Fallow Fallow
2017 | 2018 2019 2017 | 2018 2019 2017 | 2018 2019
Ace Soil Protein Index
Fallow Fallow Fallow
2017 | 2018 2019 2017 | 2018 2019 2017 | 2018 2019
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2.5

1.5

0.5

Ratio of '‘Beneficials' to 'Pests'

SWEEP

MALAISE

MALAISE

SWEEP

B Fallow Control

Hay Control



