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Outline
* Definition and principles

* Importance of organic matter

* Measuring soil quality (or trying to)
* Application to orchards
®* Conclusions
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Key functions in crops

Physical

e Support — rooting, machine traction

e Water — infiltration, movement, storage
e Temperature

Chemical

« Gas exchange with roots

* Nutrients — retention and release
 pH — master variable

Biological

* Residue recycling; nutrient release

e Pathogens, rhizosphere — root-microbe interactions
* Nutrient, water uptake (e.g. mycorrhizae)
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Soil Quality Reference Point

Current System Native Ecosystem Reference Point
Dryland wheat (KS) Prairie Prairie
Rainfed corn (WI) Temperate forest Pasture ?
Paddy rice (Asia) Tropical rainforest ?7?
Irrigated potatoes (ID) Shrub-steppe Pasture ?
Orchard (Yakima) Shrub-steppe ?7?

Blueberry (Mt. Vernon) Forest edge, bogs ?7?
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Chemical

/o X

Biological «=%» Physical

 Physical, chemical, biological properties
continually interact

* Influenced by environment (climate, geology,
plants)

* Influenced by human activity (erosion,
fertilization, irrigation, plants)

Focus on what problem(s) you want to solve
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4 Principles of Soil Quality

_ Tree Alley
 Minimize soil disturbance. + +
« Keep the soil covered as - +
much as possible.
e Diversify with crop rotation - -
and cover crops.
e Try to provide living roots in + +

the soil for as much of the
year as possible.



WASHINGTON STATE

] . A UNIVERSITY
Soil Organic Matter M i

Key to Soil quality

Base cations Infiltration VVater Holding

Capacity
Ads rpt:on '.' \ « Based on carbon
ic: | | Sorl o Affects:
Herbicides ORG'ANIC \\Structure hvsical
Fauna [ @) phy .
' T'TER j \ chemical
&bon . MA | '/ Erodibility biological
i Plant Nutrients
¥
Source Solubility

Greatest single factor determining natural soil
productivity = amount & depth of SOM
L. Carpenter-Boggs
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Soil Organic Matter

Friends: Enemies:

No-till Tillage

Mulching Erosion

Organic amendments Fumigation

Cool temperatures Herbicides, bare ground
Nutrient balance Leaching, nutrient export

Goal: Inputs 2 Losses
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0-20 cm depth after 5 yr, New York, apples G
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TILLED PRE-HBCPOST-HBC CRNVCH GRSOD STRMCH
Herbicide ‘Living  Mowed Straw
mulch’ grass mulch

(Merwin, 2003)
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What Do Soil Organisms Do?

Break down organic materials, cycle nutrients
Fix atmospheric N
Build stable organic matter

Process chemicals — convert fertilizers, degrade
pesticides, volatilize compounds (N, As)

Eat plant roots; control plant pathogens

Stimulate plant growth — mycorrhizae,
nutrients, hormonal effects

Create soil aggregates, structure

dit: R. Campbell)
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~ The Soil Food Web

NN Arthropods
N\ Shredd
N Nematodes =
| HQ“\\ Root-feeders
A\ \
= ¥ [
N b AN Arthropods
f . . Predators
A / Birds
(I 29 WA/ /) Nematodes
/ \ W AU Fungal- and
ARG /\ bacterial-feeders
N 7 QN \_/ Fungi ’
. Mycorrhizal fungi
Saprophytic fungi Nematodes

Predators

E Orgaﬁ—\ Protozoa
Matter ‘ Amoebae, flagellates,
. ’ and ciliates

Waste, residue and

Shoots and
roots

metabolites from -
plants, animals and Bacteria
microbes.
First Second Third Fourth Fifth and higher
trophic level: trophic level: trophic level: trophic level: trophic levels:
Photosynthesizers Decomposers Shredders Higher level Higher level
Mutualists Predators predators predators
Pathogens, Parasites Grazers
Root-feeders

Credit:Soil Biology Primer
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Measuring Soil Quality

Soil — physical, chemical, biological; a single
number “index”

Plant — bioassay, specific desired outcomes
Ecosystem — watershed, energy, diversity,
etc.

Sensory
Analytical
Model

Qualitative vs. Quantitative
Bulk soil vs. rhizosphere ?
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Crops Grown: POT Date Sampled: 3/30/2009
Indicators Constraint
< O r n el I _, |Asgregate stability () 35
-
S . I O |Available Water Capacity (m/m) 0.09 water retention
73]
Ol 2
E Surface Hardness (psi) 0
H e a'I t h Subsurface Hardness (psi) 0
' energy storage, C sequestration, water
TeSt 3 |Organic Matter (%) 1.3 retention
g [Permanganate Oxidizable] 276 Soil Biological Activity
= |Potentially Mineralizable Nitrogen
12 tests: %_ (ugN/ gdwsoiliweek) 12.6
Ph YSIC al _ |Root Health Rating (1-9) 4.0
Chemical
. . *pH 6.2
Biological -
) *Extractable Phosphorus (ppm)
E [Value <3.5 or >21.5 are downscored] 7.0
B
U [*Extractable Potassium (ppm) 190
*Minor Elements
OVERALL QUALITY SCORE (OUT OF 100)  70.4 High
Measured Soil Textural Class:=> sandy loam
SAND (%): 59.9 SILT (%): 35.2 CLAY (%): 4.9
Location (GPS): Latitude=> () Longitude=> ()

* See Cornell Nutrient Analysis Laboratory report for recommendations (A MCGuire)
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Cherry in Apple Soil

.:‘_’

 Tree row management ,, ; ;
« Amendments :
 Mulches

([

Apple replant disease

M. Mazzola 2003



Cumulative Tree Growth in four GMSs
from 1992-2008 — NY apple
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TCSA=trunk cross sectional area (Courtesy: |. Merwin)




Cumulative Fruit Yields per tree
In the Four GMSs, 1994 to 2010

Yield (Kilograms)

Cumulative yields of Empire Apple (1994-2010) in a Groundcover Management Systems
(GM3) trial in Lansing, NY

1200
1000 1 =*=PreHrb
800 A

—*-PostHrb
600 1
0 | ~~MwSod
20,7 ~~ChpMich

D1 ] L] ] ] ] ] ] ] ] ] ] ] ] ] ]
1994 1995 1996 1997 1998 1499 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Standard GMS (pre+post weed free
strip) was not most productive over time. (Courtesy: I. Merwin)




Conclusions in 2013

* Soil health indices for orchards need more work!

* Bark mulch GMS optimizes soil fertility, OM,
biological activity, tree growth vs. other GMSs

* Over time (18 years) apple trees adapt to different
soil management systems

* Conventional weed-free residual herbicide GMS:
least productive, higher nutrient leaching and runoff
compared with the other systems

* Each GMS promotes a different microbial community
In the root zone of apple trees

(Courtesy: I. Merwin)
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Organic Matter (%)
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Organic Apple OFM Study

Summerland, BC

Planted spring 2006

Fertile soll

O N B OO
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Alfalfa, bark elevated K,
P cycling, more
microbial biomass

More OM with mulch

2007 2009 2011

m Compost/tillage m Alfalfa mulch
= Bark mulch m Black plastic

2007 2009 2011 (Neilsen et al., 2014)



Tree Responses

Root biomass
e Trees grew bigger with mulch | o= o' &
. 0.7 ~ = =&==Bark '4’
 Nossignificant effects on fruit | 5,,] -#-restc -*
[y
yield or quality (2 yr) 2°°
2 04
éé(l3
Trunk cross-sectional area 0.2
0.1
25 - 0
v v
20 - S wi 0
e ¢ Take home message:
" 0 ; ! o Effects on soil health & tree
. growth develop with time
;.
. e May not translate to
0 improved yield or quality

T T T T T T 1
2005 2006 2007 2008 2009 2010 2011 2012

Year (T. Forge)




Effect of Mulches on
Nematodes in Orchard Soll
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Nem atodes / 100m| soil
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Grower Returns

Mulch compared to tillage — 3 yr effect  $/ac
e 8+ yr ‘Gala’/M.26, sandy saoll +4, 777

e Mature ‘d’Anjou’ pears, good soill +1,43

Mulch on mature cherry, ‘Bing’/Mazzard

* Wood chip mulch compost blend applied

October 2014; cost $1,600/ac

* Increased cherry size July 2015; \
benefit, $2,600/ac Net +1,000

e Internal mulch; bought large flail mower to

recycle larger pruning wood that being hauled out

and burned; reduced costs of hauling prunings,

paid for flail in one season
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‘Mow & Blow’ Mulch Trial
Quincy, WA

350

300 -
250
200
150
100

50

mO0
W 1x
2X

% Increase TCSA

e ‘Fuji/M.9" 2nd and 3" |eaf
o Tall fescue forage grass mix, mowed weekly
o 2xrate led to 20% increase in tree growth

e Clippings add 25-50 Ib K/ac; 50 bin/ac apple crop removes
56 Ib

2012 2013 2-year
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I Nobili side delivery

| flail mower (ltaly)

. and planted cover
crop
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Soil Biology and Replant Disease

Moxee, WA

‘Virgin’ soll (M. Mazzola)
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Growth of ‘Gala’ Apple Seedlings
In Soil from Orchard Blocks of Varying Age

- i ! F

SECOND THIRD

LEAF LEAF 28
| _ (M. Mazzola)




Changes in Relative

Recovery of Specific Microorganisms
with Increasing Age of Orchard Blocks
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% of total isolates
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0

NC

1yr 2 yr 3yr 4yr

OP. putida BP.f.bv3 OR. solani

oSyr

(M. Mazzola)
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Improved Tree Growth and Yield

Gala/M9 increase in trunk diameter
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Control Telone Chloropicrin BjSa Seed Meal

Mazzola et al. 2014.
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BjSa SM

Pythium root infection
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Rhizosphere soil samples collected at end
of second growing season.

B Control mTelone-C17 mBjSa

700

Root lesion nematode density

600

500

400

300

NMDS plot of Fungal Phyla Oct. 2011

0481 Control/
Mustard seed meal | o5 | FUmMigation

0.244

0.12

Coordinate 2

05 -04 03 -02 01

-0.12
-0.24

-0.36

-0.48-

Coordinate 1

200

Pratylenchus penetrans g root

100

Oct. 2010

Oct. 2011 Oct. 2013

“Fumigation is a one-year response
in orchard systems.” G. Fazio

Courtesy: M. Mazzola
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Focus on what problem you are trying to solve
« Consider physical and biological, not just chemical

e Organic matter important; surface mulch has
outperformed incorporated amendment

» Soll biology has major role, poorly understood

« Soll biology can be manipulated to control replant
disease

NRCS soil health web page for more info
https://www.nrcs.usda.qgov/wps/portal/nrcs/main/national/soils/health/

WSU orchard floor management

http://tfrec.cahnrs.wsu.edu/organicaqg/tree-fruit/orchard-floor-
management/

WSU orchard soils
http://tfrec.cahnrs.wsu.edu/organicaqg/tree-fruit/soils-nutrition/



https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/soils/health/
http://tfrec.cahnrs.wsu.edu/organicag/tree-fruit/orchard-floor-management/
http://tfrec.cahnrs.wsu.edu/organicag/tree-fruit/soils-nutrition/

Conclusions
Soil quality / health:

e It’s real

e It’s hard to measure

e It’s hard to predict

e |t’s easy to take a positive step
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