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Who is the Almond Alliance? 



The only trade association 
fully dedicated to 
advocating and protecting 
your investment in the 
almond industry

Value Proposition



Partnering With the Almond Board



Production Expected to Increase by 
25% by 2020
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*NOTE: Production Outlook assumes adequate moisture.
Though, research is being done to understand how to maximize yields given lower levels of water 
availability.
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Year

Estimated Number of Replant Acres (removal’s)
(based on a mean of 3 years 25 years after planting)  
Does Not Include Orchard Removals due to Drought

Data from CASS-NASS-USDA 



Biomass Relief in SB859
• The Almond Alliance, working with 

Assemblymembers Dahle and Gordon was 
successful in getting  biomass relief in SB 859

• An important but modest mechanism to ensure 
biomass facilities continue to operate as an 
integral piece of the state’s management of wood 
waste for the next five years 

• Requires the State’s utilities to procure 125 MWs 
of biomass power annually for the next five years

– Feedstock at 80% Forestry & 20% from ag and urban 
sources 

• Closed plants will have access to the bidding 
process as long as they were operational prior to 
June 1, 2013



Rio Bravo in Fresno to Stay Open

• Rio Bravo Fresno, which was slated to close 
December 31st, recently won its bid so will 
continue to supply 24 megawatts of 
electricity to the grid, an equivalent of 24,000 
homes. 

• But this is a short term solution and we need 
to identify long term solutions as challenges 
exist with biomass plants







Returning By-Products to the Orchard

• In 2014/15 Cal Recycle proposed new regulations that:
– Could have made hulls and shells subject to the 

composting regulations when they are already being 
“recycled”
• AAC got an exemption added for facilities with a Feed License

– Modified the definition “ag material” and “ag by-product 
material” 
• AAC got hulls, shells, sticks, culls, and leaves produced on and off 

farm included in both definitions

• Can now return to the orchard in like amounts with out regulation 
by Cal Recycle or Local Agencies

– Exclusion from regulation if your land applications were 
already regulated by the Water Resources Control Board.



Facilities & By-Products can be Regulated

• CalRecycle can regulate a facility and by-product disposition:

– you don’t have a feed license; and/or, 

– your by-products are land applied at sites other than their origins, 

• If either are true, CalRecycle and the local enforcement 
agencies have the discretion to regulate your facility and/or 
the land application of your by-products.



Land Application Requirements
Almond Ag Materials or Processing By-Products

• ACC ensured very liberal standards for land application of our 
by-products (not their origins):    
– On land zoned for agriculture – three times a year at a depth of not 

more than 12” or 

– On land NOT zoned for agricultural – once a year at a depth of not 
more than 12”.

• There are self policing minimal heavy metal and coliform 
pathogen standards for the applications that shouldn’t be 
problematic for our by-products.



Whole Orchard Recycling

• If biomass is NOT incorporated into the soil at time of 
grinding/chipping, e.g. stockpiled and/or composted.  

• To Stay Exempt from Compost Regulation

– Needs to Stay on Site and NO more than 1,000 cubic yards are sold 
or given away annually.

• Otherwise, composting and certain storage conditions will 
likely require “notification” of your local enforcement agency.   



Thank You!

Almond Alliance of California
1211 L Street
Modesto CA 95354
www.almondalliance.org
T: 209-300-4170
staff@almondalliance.org

http://www.almondalliance.org/
mailto:staff@almondalliance.org


Brent Holtz, 

UCCE – San Joaquin County



Whole Orchard Recycling

Brent A. Holtz, Ph.D.

UC Farm Advisor in San Joaquin County



Can whole orchards be 

incorporated into the soil when 

they are removed and not burned 

in the field or in a co-generation 

plant

Can we return this organic matter to our 

orchard soils without negatively effecting 

the next orchard that will be planted?



Forest nutrition comes from decomposing logs 

(carbon) or burning

These logs or stored carbon represent the 

productivity of a forest ecosystem over thousands 

of years.  

Nobody is adding fertilizer to forests



• When we remove an orchard we grind up 25-30 years 

worth of photosynthesis and carbon and nutrient 

accumulation and haul it away.  25-30 years of organic 

matter is lost from our system, estimated at 60 tons per 

acre for almond.  



Whole Almond Orchard Recycling and the 

Effect on Second Generation Tree Growth, 

Soil Carbon, and Fertility

by

Brent A. Holtz1, David Doll2, and Greg 

Browne3

University of California 
12101 E. Earhart Ave., Ste. 200, Stockton, CA 95206

22145 W. Wardrobe Ave., Merced CA 95340, USA

3USDA-ARS, UC Davis, of Plant Pathology



The Iron Wolf



The Iron Wolf

a 100,000 lb (45,000 kg)

rototiller

http://ucanr.edu/?blogpost=16603

&blogasset=74534

http://ucanr.edu/?blogpost=16603&blogasset=74534


The Iron Wolf



Two Treatments:

Orchard Grinding with Iron Wolf

Pushing and Burning Trees
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2009 First leaf trees growing in grinding plot

2010 Second leaf trees

No difference in tree 

circumference 

The Grinding did not stunt the 

second generation orchard



2011 Third leaf trees growing 

in grinding plot

2012 Fourth leaf trees 

growing in grinding plot
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Nematode species of the family Tylenchidae feed 

on algae and fungi and are not parasitic to trees. 

Significantly greater Tylenchidae were observed in 

the grind plots, especially next to woody pieces 

(aggregates). 
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• If wood debris is in contact with soil it
stays moist and is rapidly colonized by
fungal mycelium that incorporates woody
material into soil aggregates.



LAYER 1 (0-4 cm)

Experiment on field plots amended or not with wood chips.

Soil aggregating basidiomycete amount in water stable aggregates (WSA) 

retrieved from the top surface layer
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In 2010, Burn treatments had significantly 

more organic matter (OM), carbon (C), and 

Cation Exchange Capacity (CEC) in the top 

10-15 cm of soil.

Burning appears to 

release nutrients back 

into the orchard soil 

more rapidly than 

decomposition.



Soil Analysis

Blue Pair = grinding significantly less than burning

Yellow pair = grinding significantly greater than burning

 2010 2011 2012 

 Grind Burn Grind Burn Grind Burn 

Ca (meq/L) 4.06 a 4.40 b 2.93 a 3.82 b 4.27 a 3.17 b 

Na (ppm) 19.43 a 28.14 b 13.00 a 11.33 b 11.67 a 12.67 a 

Mn (ppm) 11.83 a 8.86 b 12.78 a 9.19 b 29.82 a 15.82 b 

Fe (ppm) 32.47 a 26.59 b 27.78 a 22.82 b 62.48 a 36.17 b 

Mg (ppm) 0.76 a 1.52 b 1.34 a 1.66 a 2.05 a 1.46 b 

B (mg/L) 0.08 a 0.07 a 0.08 a 0.08 a 0.08 a 0.05 b 

NO3-N (ppm) 3.90 a 14.34 b 8.99 a 11.60 a 19.97 a 10.80 b 

NH4-N (ppm) 1.03 a 1.06 a 2.68 a 2.28 a 1.09 a 1.06 a 

pH 7.41 7.36 6.96 a 7.15 b 6.78 a 7.12 b 

EC (dS/m) 0.33 a 0.64 b 0.53 0.64 0.82 a 0.59 b 

CEC(meq/100g) 7.40 a 8.47 b 8.04  7.88  5.34 5.32 

OM % 1.22 a 1.38 b 1.24 1.20 1.50 a 1.18 b 

C (total) % 0.73 a 0.81 a 0.79 a 0.73 a 0.81 a 0.63 b 

C-Org-LOl 0.71 a 0.80 b 0.72 0.70 0.87 a 0.68 b 

Cu (ppm) 6.94 a 6.99 a 7.94 a 7.54 a 8.87 a 7.92 b 

 



Soil Analysis

Blue Pair = grinding significantly less than burning

Yellow pair = grinding significantly greater than burning

2013 2014 2015

Grind Burn Grind Burn Grind Burn

Ca (meq/L) 3.78 a 3.25 b 7.55 a 5.45 b 4.02 a 1.36 b

Na (ppm) 2.74 a 1.90 b 3.41 a 2.34 b 2.32 a 1.21 b

Mn (ppm) 26.35 a 5.71 b 14.46 a 10.65 b 7.31 a 4.67 b

Fe (ppm) 32.56 a 20.38 b 38.58 a 29.30 b 24.29 a 17.21 b

Mg (ppm) 2.15 a 1.20 b 3.61 a 2.57 b 2.01 a 0.68 b

B (mg/L) 0.06 0.07 0.07 a 0.10 b 0.05 a 0.07 b

NO3-N (ppm) 20.11 12.27 26.53 a 18.89 b 20.64 a 5.23 b

NH4-N (ppm) 0.37 0.33 1.59 a 1.36 b 0.89 a 0.65 b

K (mg/L) 94.50 84.88 28.50 a 13.60 b 19.76 a 16.97 b

pH 7.39 a 7.53 b 6.95 7.06 7.27 a 7.60 b

EC (dS/m) 0.91 a 0.68 b 1.54 a 1.08 b 0.90 a 0.38 b

CEC(meq/100g) 9.54 10.16 7.78 8.30 5.16 5.14

OM % 1.55 a 1.06 b 1.21 a 0.93 b 1.37 a 1.08 b

C (total) % 0.87 a 0.51 b 0.71 a 0.54 b 0.66 a 0.50 b

C-Org-LOl 0.87 a 0.61 b 0.70 a 0.54 b 0.79 a 0.62 b

Cu (ppm) 8.26 a 7.11 b 8.03 7.73 7.51 a 7.03 b



Leaf Analysis

Blue Pair = grinding significantly less than burning

Yellow pair = grinding significantly greater than burning

Nitrogen % Phosphorus % Potassium % Magnesium % Manganese ppm Iron ppm Sodium ppm

Grind Burn Grind Burn Grind Burn Grind Burn Grind Burn Grind Burn Grind Burn

2010 2.40 a 2.33 b 0.11 a 0.10 b 1.76 a 1.44 b 0.98 a 1.03 b 23.63 a 17.44 b 102.5 104.3 340.5 a 455.5 b

2011 2.58 2.58 0.14 0.14 1.92 a 1.67 b 0.66 a 0.71 b 25.70 24.91 91.34 93.75 19.38 a 54.00 b

2012 2.46 2.44 0.13 0.13 1.14 a 1.02 b 0.87 0.90 20.13 19.13 84.84 83.95 24.88 a 49.50 b

2013 2.57 a 2.49 b 0.112 a 0.106 b 0.94 a 0.73 b 1.04 a 1.12 b 27.83 a 23.25 b 113.59 a 102.79 b 634.6 a 957.5 b

2014 2.40 a 2.33 b 0.11 a 0.10 b 1.76 a 1.44 b 0.98 a 1.03 b 23.63 a 17.44 b 102.5 104.0 340.5 a 455.5 b

2015 2.42 2.39 0.12 0.11 1.66 a 1.43 b 0.97 1.01 23.96 a 17.88 b 142.5 148.22 243.8 a 358.22 b



• Fungal decomposition of the organic matter may be

contributing to available nutrient levels which would

be gradually released as the woody aggregates are

decomposed.



Grinding vs. Burning the first generation 

orchard on the second generation orchard:
 

 
Yield lbs (kg) 

Green Weight per 6 tree plots 

 

            

            Year 

 

Grind Burn P value 

2011   166.5 a (75.7 kg) 152.9 a (69.5 kg) (P= 0.26) 

2012 267. 5 a (121.6 kg)    253.4 a (115.1 kg) (P = 0.20) 

2013   347.2 a (157.8 kg)     306.3 b (139.2 kg) (P = 0.08) 

2014   467.7 (212.1 kg)  385.3 (174.8 kg) (P = 0.08) 

2015   264.4 (120.2 kg) 235.94 (107.3 kg) (P = 0.17) 

2016   265.0 (120.2 kg) 248.7 (112.8 Kg) (P = 0.24) 



Grinding vs. Burning the first generation 

orchard on the second generation orchard: 

 
Kernel Weight lbs/acre  

            

            Year 

 

Grind Burn Difference 

2011 1,007.3 lbs/ac 925.0 lbs/ac 82.3 lbs/ac 

2012 1,618.4 lbs/ac 1,533.1 lbs/ac 85.3 lbs/ac 

2013 2,100.6 lbs/ac 1,853.1 lbs/ac 247.5 lbs/ac 

2014 2,829.5 lbs/ac 2,331.1 lbs/ac 498.4 lbs/ac 

2015 1,599.6 lbs/ac 1,427.1 lbs/ac 172.5 lbs/ac 

2016 1,603.2 lbs/ac 1,504.6 lbs/ac 98.6 lbs/ac 

Total 10,758.6 lbs/ac 9,574 lbs/ac 1,184.6 lbs/ac 
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Carmel trees were rated for bud 

failure symptoms

Trees growing in the grind plots had 

less bud failure
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Figure 1. Stem water

potential was measured with

pressure bomb on July 14

and 22 after onset of the

deficit irrigation treatment in

the WOR-G plots (grind) and

burned control. Treatments

with the same letter were not

significantly different

(p=0.05).
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Soil Organic Matter and Available

Water Capacity

by
Berman D. Hudson

J. Soil and Water Cons. 49(2):189-194.
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•Increased organic matter

•Increased soil carbon 

•Increased soil nutrients

•Increase soil microbial 
diversity

Orchard recycling has:
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• Increase water holding capacity? Yes!

• Increase orchard productivity?     Yes!

•Bind pesticides and fertilizers?        ?

•Provide carbon credits to farmers?  ?

Will orchard recycling:
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Soil Organic Matter
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Science 2015 Volumne 348 

Issue 6235
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A few growers have used 

manure spreaders to spread 

wood chips back on the soil 

surface
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Project Title: Almond Orchard Recycling

Principal Investigator and Coordinator:

Brent Holtz, Ph.D., County Director and Farm Advisor, 

Co-Principal Investigators:

Amélie CM Gaudin, Ph.D., Assistant Professor, Agroecology, University of California Davis, 

Greg Browne, Ph.D., Research Plant Pathologist, USDA-ARS Department of Plant Pathology, 348 

Andreas Westphal, Ph.D., CE Nematology Specialist, Dept. of Nematology, UC Riverside, Kearney REC, 

David Doll, UC Pomology Farm Advisor, University of California Cooperative Extension, Merced County, 

Mohammad Yaghmour, Ph.D., Farm Advisor, University of California Cooperative Extension, Kern, 

Elias Marvinney, Ph.D., Post-doctoral Scientist, Department of Plant Science, University of California, 

Almond Board Funding: $50,000 April 1, 2016-July 31, 2016

Almond Board Funding: $94,000 August 1, 2016-July 31, 2017
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Orchard Recycling Objectives:

To compare two methods of whole orchard recycling (WOR), chipping (WOR-C) vs. 

grinding (WOR-G) with the Iron Wolf, with orchard removal for energy co-generation. 

Our specific objectives are to:

Refine life cycle assessment (LCA) model for evaluation of carbon dynamics and 

balance

Quantify effects of the treatments on the physical and chemical soil properties and tree 

nutrients

Quantify effects of the treatments on biological soil properties

Assess impacts of the treatments on replanted orchard growth, health, nutrition, 

production, and water relations
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The Iron Wolf pushes the trees over

going forward and grinds up the

branches and trunk

Then Iron Wolf goes in reverse and

incorporates the wood into the ground.

Just one 50 ton machine that costs

$1,500 acre to operate. Can do ~2

acres per day.
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Whole almond rows

after being ground up

and incorporated with

the Iron Wolf 700 B.

Wood distribution is

uneven and large

chunks are left behind

‘bowling ball pins’
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G & F Ag

Services

orchard

removal

typically

involves 5

machines

and costs

~$600 acre
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The Morbark horizontal

chipper can chip up 15-

20 acres per day.

Screens can be used to

limit chip size to 2

inches or less.

The Iron Wolf is being

compared to this

Morbark Chipper at

Agriland Farming in

Chowchilla.
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G & F Ag Services 

in Ripon has 

purchased two 

Kuhn & Knight 

Spreaders and 

modified them for 

spreading wood 

chips. 

Keeping the chips 

and having them 

spread back onto 

your orchard floor 

will cost and 

additional $400 

acre. 
Wood chips are spread uniformly over entire field surface
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When 64 tons of wood chips are 

returned to the soil per acre:

N=   0.31 %, 396 lbs/ac

K=   0.20 %, 256 lbs/ac 

Ca= 0.60 %, 768 lbs/ac

C=   50 %, 64,000 lbs/ac

The nutrients will be released 

gradually and naturally
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After spreading the 

woodchips growers 

can proceed with 

typical land 

preparation practices 

for the next orchard: 

ripping, disking, 

fumigation….
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Trials with Wonderful in Kern County
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Anaerobic soil 

disinfestation

trials with Wonderful

Rice meal

Ground almond hulls

and shell
Woodchips
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Northwest Tillers incorporated

both woodchips and substrates

Anaerobic soil disinfestation

trials with Wonderful
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CDFA funding

CDFA (USDA-AMS funding) has funded: Specialty Crop Block Grant

PI: 

Amélie Gaudin, Assistant Professor, UC Davis

Co-PI: 

Brent Holtz, UC-ANR Cooperative Extension

Gregory Brown, Research Plant Pathologist, USDA-ARS

Andreas Westphal, Nematology, UC Riverside

David Doll, Farm Advisor, UC-ANR Cooperative Extension  

Sonja Brodt, UC-ANR Sustainable Ag Research and Education

Alissa Kendall, Associate Professor, UC Davis

Elias Marvinney, Post-doctoral Researcher, UC Davis

Collaborators: 

Wonderful Orchards

Agriland Farming

Talerrico Farms

G & F Agricultural Products

Iron Wolf
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Seppi forest mulcher head

Seppi subsoil mulcher on tractor



Thank You!



David Doll, 

UCCE Merced



Orchard Almond Hull 

Incorporation
David Doll, UCCE Merced
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Almond Hull Production and Consumption

• The almond kernel is 

approximately 25% of the 

harvested field weight.

• The remainder is the shell 

(~25%) and hull (~50%)

• Almond industry produces 

around 4.2 billion pounds of hulls

• Currently, the dairy industry of 

1.78 million cows can consume 

2.6 billion pounds of hulls, 

assuming 8% TMR and current 

cow population

• Regulations are increasing dairy 

consolidation, herd size

Image sourced from 

http://www.thewholesomedish.com/
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Almond Hull Analysis
Nutrient AVG Hull

Content

Lbs/ton assuming 

90% dry material

Value

Nitrogen % 0.76 13.68 $6.84

Phosphorous % 0.112 4.62 P2O5 $3.70

Potassium % 2.24 48.38 K2O $38.70

Sulfur PPM 370 0.65

Boron PPM 82.7 0.14 $1.50

Calcium % 0.22 3.96 $1.18

Magnesium % 0.086 1.55

Zinc PPM 12.6 0.02

Manganese 

PPM

13.0 0.02

Iron PPM 303 0.53

Copper PPM 7 0.01

Hull mixture was 

nutrient dense

Analytical work showed 

an estimated value of 

$51.92/ton assuming 

90% dry weight, 

unspread

Fate of nitrogen is 

unknown, however, due 

to high C:N ratio
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Almond Hull Application Experiment

Two locations

– Sandy soil on drip

– Clay loam on microsprinkler

Four blocks of 6 trees

Amendment Application 

Timing

Application 

Method

Application 

Amount

Control - - -

Gypsum Once, Week 0 Wetting profile 500 lbs/acre

Hulls Once, Week 0 Wetting profile 1 ton/acre

Biochar Once, beginning Wetting profile 1000 lbs/acre

Humic Acid 1 Week 0, 2, 6 Dripline 3 gal/acre

Humic Acid 2 Week 0, 2, 6 Dripline 5gal/acre

• Soil health, chemistry, and physics evaluated

• Microbial activity

• Bulk density, infiltration, etc

• Plant and soil analysis
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Almond Hull Application

Hull mix was ground using a 

brush chipper to the size of a 

nickel

Applied to the ground at 1 

ton/acre on April 28th

By late July, hull residue 

was minimal. 

Outside of irrigation pattern, 

more remained
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Mid-July Leaf Sampling (10 weeks post) 

No impact on leaf tissue from almond  

hull application

N % P % K %

S 

PPM

B 

PPM Ca % Mg %

Zn 

PPM

Mn 

PPM

Fe 

PPM

Cu 

PPM
Atwater Control 2.56 0.15 1.66 1752 38 4.60 0.81 24 82 426 11
Atwater Hull 2.54 0.15 1.93 1665 44 4.39 0.78 26 78 415 14
LeGrand Control 2.60 0.15 2.49 1907 38 3.81 0.92 20 53 763 11

LeGrand Hull 2.58 0.15 2.45 1917 39 4.06 1.00 23 56 789 11

Almond Hull Application: Negative Impacts?

No observed phytotoxicity at 

1 ton/treated acre
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Increase in total microbial activity at both locations

Almond Hull Application: Perceived Benefits
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Increase in aggregate stability over both locations

Almond Hull Application: Perceived Benefits
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Almond Hull Application

• No observed issues at 1 ton/treated acre;

• Did not appear to impact leaf nitrogen levels;

• Increased total soil microbial activity;

• Maintained aggregates within the soil;

• Addition of organic matter;

• Still working through the data, more on the 

poster, and hope to know more in a few 

months.

Project Findings:
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Almond Hull Application Feasibility

Compost Consideration Almond Hulls

15-40% (~25%) Moisture 8-10%

Variable depending on 

source, NPK similar to hulls
Nutrient Content General

$15-20/ton Cost $55/ton

$10/ton Hauling Cost $10/ton

$5/ton Application ?

3-10 tons/acre Rates 1-3 tons/acre

Fall Timing Fall-Spring

Moderate Food Safety Risk Minimal

Compost v/s Almond Hulls
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