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http://nsac.ca/pas/staff/cmi/soil3001/c_cycle.htm
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It does matter!
Properly managed soils not only affects nutrient flow but also:
warms the soil in spring (jump start growth?), 
enhances water-use efficiency, 
creates a biologically diverse community (diversity favors pathogen resistance)
keeps nutrients and pesticides on the farm
improves air and water quality
holds the potential to save you money!



= Particulate Organic Matter...POM

= Soil Microbial Community Composition

= Potentially Mineralizable Nitrogen
(Organic N = Inorganic N)

= Soil Enzyme Activities
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Increased “Biologically Active” Fraction of Organic Matter (Particulate Organic Matter…POM)
Changes in Soil Microbial Community (composition and/or abundances)
Increased potentially mineralizable nitrogen (Organic N  Inorganic N)
Increased enzyme activities (all nutrients are acted on by soil enzymes)…responsive
Changes in abundances of functional microbial genes



Managing for Soil Health must begin by
changing the way you think about Soil.

Soil Organisms

Soil Organic Matter

OFM Management
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Source: Farming in the 21st century: a practical approach to improve soil health. USDA NRCS

“Soil health – the capacity of a  soil to function….A fully functioning soil produces the maximum amount of products at the least cost.”
“Soil works for you, IF YOU work for the soil.”
“Managing the soil health (improved soil function) is mostly a matter of maintaining suitable habitat for the myriad of creatures the comprise the soil food web.”



Managing for Soil Health must begin by
changing the way you think about Soil.

Soil Organisms

Soil Organic Matter

OFM Management



Presenter
Presentation Notes
Source: Farming in the 21st century: a practical approach to improve soil health. USDA NRCS

“Soil health – the capacity of a  soil to function….A fully functioning soil produces the maximum amount of products at the least cost.”
“Soil works for you, IF YOU work for the soil.”
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Herbicide strip N Weed control <> soil organic matter (SOM)

<> disturbance to roots, irrigation M Organic herbicides effectiveness,
cost; multiple apps

Cultivation 1 Weed control; |, cost 1 Tree/ irrigation damage; ' SOM

Organic Mulches 1 SOM, Microbes, Nutrient cycling; J Weed control; 1* cost (transportation)
™ water conservation & soil temps J soil N, Ca; 1 rodents

Landscape cloth 1 Weed control; |, evaporation <> J SOM; 1 cost I maintenance

Biodegradable films 1> Weed control; Degradable; {, <> { soil organic matter (SOM); ™ cost
evaporation 1 maintenance

‘Living’ mulches N SOM, Microbes, Nutrient cycling N competition for water & nutrients; T
(N?); I water conservation rodents

Combinations ™ SsoMm; Weed control ? Costs?




Managing for Soil Health must begin by
changing the way you think about Soil.

Goal: Pathogen

resistance (ARD)

= Fumigate

= Add microbes

= Phyto-
management

= Add organic
materials

Photos courtesy of David Granatstein
and Mark Mazzola
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From Mazzola, M. J Nematol. 2007 September; 39(3): 213–220. 
Manipulation of Rhizosphere Bacterial Communities to Induce Suppressive Soils

Early efforts focused on the inundative application of individual or mixtures of microbial strains recovered from these systems and known to function in specific soil suppressiveness. However, the introduction of biological agents into non-native soil ecosystems typically yielded inconsistent levels of disease control.
Recently, more realistic approaches have been evaluated in attempts to achieve biologically mediated soilborne disease management. Rather than inoculating soils or plant propagative materials with mass produced formulations of non-native biological agents, an emerging strategy has employed practices to manage the biology resident to the soil system with the goal of inducing soil suppressiveness.
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Recovery of Specific Microorganisms from
Cameo/M.26Grown at WVC-Sunnyslope

Treatment #P. penetrans/g %o Pythium

root
infection

Control 27.5

B. napus 9.3
Seed meal

MeBr 6.2




and K vs. compost + cultivated.

= At Cornell & WSU: bark mulch 2
performance (in establist s

= Landscape cloth: |
S D tree vigor and yield

InE BC @&f
P

In ! FrU|t yield 1 leaf N BUT { leaf P, Ca, and Mg
(Yin et al. 2007). 1" yield earlier & malntalned higher
yields, T economic return (Tomashini et al. 2007)

= At MSU: Effect of OFM was rootstock dependent!
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with each system. Must determine overall goals to match OFM.


Mulch Trial results

8-yr ‘Gala’/M.26 — Wenatchee, WA

TRT 2005 2006
Fruit | Fruit | Gross | Fruit | Fruit | Gross TCSA | Canopy
yield Size Fruit | Yield | Size Fruit | increase | volume
80-88 | Value* 80-88 | Value*
kg/tree % $/ha | kgltree % $/ha cm? m3 /5
trees
Wood chip | 22.4 ((155a | 35454) 14.7 | 39.0 | 27,249 @a 56.7 a
\
Control 20.4 6.6b | 29,647 | 14.3 33.5 | 24,077 3.0b 47.6 ab
mow
Cultivator Z | 17.6 7.0b | 23,603 | 13.3 22.0 | 25,100 2.3C 39.2Db
3X
p= 0.150 | 0.014 0.805 | 0.076 0.001 0.008

Slide courtesy of David Granatstein




Soil Organic Matter

Change
Treatment Soil C Infiltration
(g/kg soil) (L/hr)
Herb. Strip (check) 10d 5.5 cd
Biosolids /19% 14.6 ab
Shredded Paper Mulch 13 cd 10.0 bc
Alfalfa Mulch 15 bc / 15.5 ab
SPM + Biosolids W 3
g 15 - * ¥,
Black Plastic Mulch 9 d g 1o /
.é N > * r=0.925
7-yr study, Summerland, BC; sar £ o l
= 0] 10 20

loam soil, high density ‘Spartan’/

Slide courtesy of David Granatstein

Soil Organic Matter (g /kg soil)
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T e e OF M Research
‘ at OSU
2005-2007

Herb|C|de Strlp VS. Org Amendments

Bark Mulch !
Leaf Compost

\

Living Mulch
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OSU, Hood River, OR – 2001-2007 (Tomasini et al., 2007)
 Fabric groundcover vs. bare ground in tree row
 2001-2004 – fabric $2125/acre increased costs
 2004 – fabric trt gross returns $3240/ac more�  than bare ground (1st yr of production)
 2005 - $1633/ac more with fabric
 Fabric – trees produced more�  fruit at an earlier age,�  maintained higher yields



CLOTHVS. ORGANIC MULCH
Corvallis site:

Regina/ G6 2005

Single line drip

High SOM (4%)

Silty clay loam

Avg ppt. 104 cm

Bark June o5, 06, Leaf Oct 06

HR site:

Regina/ G6 2005
Single line drip

High SOM (3%)

Sandy loam

Avg ppt. 76 cm

Straw mulch Jun oz, 06

Soils: 0-6 in collected in October 2007; Leaves collected in Aug 2007 T

HERBICIDE VS. ORGANIC MULCH

Alfalfa site:

= Sweetheart/ Mazzard 1999

= Micro-sprinklers

= Siltloam

* Avgppt. (37cm)

= Wheat Aug o5, Alfalfa Jun o7
= Wheat site:

= Tieton/G6 2004

= Micro-sprinklers

= Loam

= Avgppt. (37cm)
= Wheat Nov 2005 (reseeded)

IT
1 |,



Bark Mulch gmﬁ_

Wheat Straw + Wheat Straw Alfalfa Straw

Compost +
Soil Property Cultivation Cultivation + Herbicide + Herbicide
SOM ™4.0% to 4.6%) A ™(2.0-2.7%) A
POM-C D (> 300% ) ™ (39% ) AN ™ (33% )
Soil inorganic N J (49%) ™ (11.5%) ™ (27%) ™ (42%)
N mineralization ™ (25% ) ™ (21%) ™ (48% ) ™(22% )
Soil P ™ (19%) AN AN J (25%)
Soil K AN & N (40.6%) 1 (60%)
Soil Ca J (14.5%) < A —
Soil Mg J (15%) & & &
Soil Mn ™ (47%) & ™ (11%) 4
Soil Zn ™ (27%) J (32%) ™(32%) A
Soil B ™ (39%) J (20%) RN ™ (13%)
Soil Cu J (12.5%) A ™ (37%) A
Soil sulfate J (30%) < (9% ) & 4
|




Initial SOM = 4.0%
SOM increased 10% in Sp
2006, 15% after leaf
compost in Fall 2007 and
42.5% in Fall 2009 (last app
was April 2009)

Bark mulch in Jun 05 & 06
Leaf compost Oct 06 & 07 &
April 2009

S

<6 - LB

g

I |

S )
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®

>

O 3 @ Cloth

— A \Wood/

@) compost

n 2 . .
o & & O
QY Q° O, 0 Q

R N R N <

Sampling Date

Initial SOM = 4.0%

SOM held steady from 2005
to Sp 2007 but declined
11% in Fall 2007 and 15%
in Fall 2009
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Bark mulch increased SOM 10% (4.0 to 4.4%) and increased the potential amount of NH4+ released (up to 54%). No change in soil microbial activities or nematode community composition.
Leaf compost increased SOM to 4.6%. 
Increased soil P, Mn, & B concentrations. 
Increased the potential amount of NH4+ released (up to 67%) and soil microbial activity (up to 75%) involved in the N cycle. Increased soil H20 by 7% and temp by 2°F.

Compost was added oct 2007 then again 18 mos later (April 2009). 18.8% C and 1.3 %N. Same year in March, 60 lb/ac NatureSafe fertilizer applied.
 Soil samples taken sept 15th, 2009. Yes, lots of tilling to keep weeds at bay. And yes, we always did scrape away the top layer of compost before putting in bucket.


Prior to Oct 06 (main change was in POM and SOM…no enzyme change; Nmin was slightly higher in Jun06 suggesting a rapid release of N from bark mulch…DOM?)

Oct 2006 Results:
Mulch increased NAG 75% vs. cloth
Increased SOM but no change in Nmin

Oct 2007 Results:
Mulch Increased NAG 25% and 28% greater Nmin rate
POM not yet determined

SOM steady under cloth from Jun 06 thru May 07 (~4%) but it was reduced by 11% in Oct 07 (3.6%)


"\ Herbicide

Bark Mulch +

Compost + Wheat Straw Wheat Straw + Alfalfa Straw
Soil Property Cultivation + Cultivation Herbicide + Herbicide
N mineralization ™ (25% ) ™(21%) ™ (48% ) ™ (22% )
C enzyme 4 4 ™ (58% ) ™ (15% )
N enzyme ™ (upto 75% ) 4 ™ (57%) ™ (47%)
P enzyme x4 S 1 (15-83%) 4
S enzyme x4 ™ (17%) ™ (96% ) ™ (74%)
Microbial Biomass ™ (10-3% ) < (6-6% ) ™ (22% ) ™ (40% )
Total Bac x4 (9% ) ™ (23%) ™(27%)
Total Fungi ™(17%) ™ (46% ) ™ (20% ) ™ (52%)
AMF Jd (39%) ™ (31%) 2 (57%) 2 (133%)
F1:B ™ (32%) ™ (72%) ™ (22%) M (59%)
Soil H20 ™ (up to 7% greater) Nkl ™ (~9% greater) & FHx

Soil Temp N (up to 2°F greater)
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N mineralization potential rate

(Lg N released gl soil hrl)
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all samples
¢ Without Andisols & Without Andisols
M Andisol samples A y =0.0035x + 0.063
R*=0.65
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yv=00028x+0.079

R*=0.52

Andisol Samples Only
y=0.0028x-0.0404
R?=0.6443
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TCSA (% Change)
= N w NL o)
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Bl HR cloth
B HR mulch
B | B cloth
WZZ | B mulch

Y2 Cumulative
Years TCSA Measured




Bark Mulch +
Compost + Wheat Straw + Wheat Straw +  Alfalfa Straw +
Soil Property Cultivation Cultivation Herbicide Herbicide

SOM
Soil inorganic N
N mineralization
Soil Ca
Soil Mn
Soil Zn
Soil Cu

Wheat Straw + Wheat Straw + AIfalfa Straw +
Leaf Nuski Cultpvation Cultivation Herbicide Herbicide

| Ideal Range |
2.4-3.4%
0.12-0.4%
0.7-3.7%
20-300 ppm
12-75 ppm

Leaf N
Leaf P 0.20t0 0.22%
Leaf Ca
Leaf Mn
Leaf Zn
Leaf Cu

6-25 ppm




N’

N (%)

Leaf

2.8 -
2.6 -
2.4
2.2
2.0 -
1.8
1.6 -
1.4 -

r=0.819
p =0.0001

1.2

AMF (mol %)
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Is it possible that AMF could potentially have a negative impact on leaf N status? Perhaps increased AMF presence is associated with alleyway grass species and not with trees. Could these AMF be ‘stealing’ N from the trees? Also, leaf N is NEGATIVELY correlated with total FAME-C (proxy for microbial biomass), Acid Phosphatase potential activity and NAGase potential activity. There is a positive correlation b/w AMF and AcPase but there is no correlation between AMF and NAGase.


N

N (%)

Leaf

r=20.819

2.8 A P p = 0.0001
2.6 A
2.4 -
2.2 -
2.0 A
1.8 - 0]
1.6 1 @ Bareground

@ Organic Mulch
1.4 10 Clgth @)

@ Living Mulch P
1-2 | | | | | I T

0) 2 4 6 8 10 12 14

AMF (mol %)




Leaf Mn (%)

W
)

|

20
10

|
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ONONN _

Bareground
Organic Mulch ©
Cloth

Living Mulch

@r =0.752
p=0.01

Leaf Mn and F:B (r = 0.64)
Leaf Mn and OM (r = -0.67)

I I I I I I

3 4 5 6 V4 8
Fungal sum (mol %)




CLOTHVS. ORGANIC MULCH

New orchards, High SOM

Bark/ Leaf Compost (4 apps)

N SOM, POM, Nmin,
Soil Mn, Zn, B

= InorganlcN Ca, Mg,
Cu, SO,?

= P NAG SMB,
Total fungl F:B

= | AMF

= /P Leaf nutrients

Wheat straw (2 apps; last ‘06)

= & SOM, TNPOM, Nmin,
inorganic N

"V Soil Zn B

= M Senzyme, AMF Total

Fungi, F:B

= P LeafN, P, Zn,
and Cu

B = ¢ Leaf nutrients @&

HERBICIDE VS. ORGANIC MULCH
Est. Orchards, Low SOM

Wheat straw (newer orchard)

= I SOM, Soil i morganlc N, Zn
Cu ' ~

= I all microbial
indicators

Alfalfa straw (old orchard)

= & SOM, TNinorganic N & B

J Soil P

1 all microbial indicators -
N Leaf Zn, Cu » %% Mo
. U LeafN G ving




Managing for Soil Health must begin by
changing the way you think about Soil.

Soil Organisms

,_f,.,q.egrate research on pathogens/
SOM/ Nutrients

Breeders aimed at organics!
Other benefits?

(water, temp, resiliency, C credits,
greenhouse gases?)
OFM Management Diversify OFMs

Buy local, Think global
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Source: Farming in the 21st century: a practical approach to improve soil health. USDA NRCS

“Soil health – the capacity of a  soil to function….A fully functioning soil produces the maximum amount of products at the least cost.”
“Soil works for you, IF YOU work for the soil.”
“Managing the soil health (improved soil function) is mostly a matter of maintaining suitable habitat for the myriad of creatures the comprise the soil food web.”
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