
Whole orchard recycling in the San Joaquin Valley, 
rebalancing the C:N ration, fertility management and 
disease considerations in next generation orchards

Brent A. Holtz, Ph.D.

Norther San Joaquin Valley Almond Day
January 21, 2025



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?



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


Two Treatments:

Orchard Grinding with Iron Wolf

Pushing and Burning Trees



In a natural forest 

system– Tree nutrients 

come from either 

decomposing logs or 

ashes from forest fires.  
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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
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2,500 lb/ac difference
2,802 kg/ha 
12 harvests



• Increased soil organic matter

• Increased soil organic carbon 

• Increased soil nutrients

• Increase soil microbial diversity

• Increased orchard productivity

Whole Orchard Recycling has:







In 2015 growers started using 
manure spreaders to spread 
wood chips back on the soil 
surface



Horizontal grinders can chip 15-20 acres per day.



Orchard removal 

typically involves five 

machines. Horizontal 

grinders can chip up 

15-20 acres per day. 

Two-inch screen sizes 

are recommended 

rather than four-inch 

screens to reduce chip 

size. 



Kuhn & Knight 
manure spreaders 
were modified to 
spread 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





60-ton dry wt. wood chip application 
= 6% of soil mass in the top 6” of soil

~2,000,000 lbs soil
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After spreading the woodchips 
growers can proceed with typical land 
preparation practices for the next 
orchard: ripping, disking, fumigation….







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



64 tons per acre 
caused initial tree 
stunting and total 
weed suppression.  
The C:N ratio was 
out of balance. 

We doubled our 
nitrogen applications 
through fertigation in 
order to get the 
desired growth.  



Problems with double-line drip in the first year



Available N for newly planted crop changes following 
addition of high C:N material like wood chips

• High C content stimulates 
microbial N immobilization, as 
organic material decomposes 
and microbial communities 
shift, N is mineralized and 
available for plant uptake over 
time

• How long does this process 
take?





0.8 oz of N applied in MarchControl
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70 tons per acre rateControl



70 tons per acre rateControl

Both treatments received 45 lbs N/acre



Both treatments received 45 lbs N/acre (5 oz N per tree)



Both received 45 lbs N/acre (5 oz N per tree)
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Map created April2019

Map last updated January2020
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WORTreatments

WOR & annual woodchip

Kearney Block 92 Plot Map
UC Cooperative Extension - Merced - Tree Nut Pomology

Owner: KearneyREC
Nitrogen Treatments Irrigation Treatments* TreeType

?       100%ET Buffer -Pollinator

?         70% or 75%ET Buffer -Nonpareil

SWP sample -Nonpareil

Tree Variety

NPNonpareil

Other

Three WOR treatments:
WOR + annual wood chips (15 tons)
WOR
Control

Three sub-treatments:
Low N rate
Middle N
High N (Patrick Brown’s)



Annual applications:
15 tons per acre/annually
Hope to see similar benefits to cover cropping





Almond yield after WOR same or better than 
control with no N rate effect

150 lb N/ac 125 lb N/ac 115 lb N/ac115 lb N/ac 75 lb N/ac95 lb N /ac

3rd leaf 4th leaf



A 42% increase in soil moisture by volume was observed in WOR treatments 
(17% VWC) compared to the control (11% VWC) during the 2019-2020 dormant 
period in the top 30 cm





Walnut Orchard Recycling 
can produce up to 100 tons 
of recycled wood chips per 
acre

You may have to use a 
plow or roto-tiller….



Walnut fertilization trial after WOR in 2024





Trunk cross sectional area (cm2) 

 
 

TreatmentWOR TreatmentFert emmean .group SE df lower.CL upper.CL

Control + 5oz P 2.92  a 0.48 1.99 -6.18543218 12.01666063

Control Control 3.18  ab 0.44 1.45 -17.33162356 23.6849569

Control + 3oz P 3.25  ab 0.48 1.94 -6.311414941 12.81558161

Control + 3oz N (Ca Nitrate) 3.38  ab 0.48 1.94 -6.186414941 12.94058161

Control + 5oz N (Ca Nitrate) 3.40  ab 0.48 1.94 -6.165164941 12.96183161

Control + 3oz N (Ca Nitrate) + 3oz P 3.42  ab 0.48 1.94 -6.143081608 12.98391494

Control + 3oz N (NPK) 3.45  ab 0.48 1.94 -6.117664941 13.00933161

WOR + 3oz N (Ca Nitrate) 3.51  ab 0.50 2.09 -4.991930691 12.00372336

Control + 5oz N (Ca Nitrate) + 5oz P 3.81  ab 0.48 1.94 -5.755581608 13.37141494

WOR Control 3.87  ab 0.47 1.58 -12.63618802 20.36939869

WOR + 3oz N (NPK) 3.87  ab 0.50 2.09 -4.624515628 12.37113842

WOR + 5oz P 3.88  ab 0.50 2.09 -4.619291154 12.37379413

Control + 5oz N (NPK) 3.88  ab 0.48 1.94 -5.683081608 13.44391494

WOR + 3oz P 4.40  ab 0.50 2.09 -4.0960473 12.89960675

WOR + 3oz N (Ca Nitrate) + 3oz P 4.45  ab 0.50 2.13 -3.695863268 12.60171043

WOR + 5oz N (Ca Nitrate) + 5oz P 4.57  ab 0.50 2.13 -3.576859585 12.72071411

WOR + 5oz N (Ca Nitrate) 4.58  ab 0.50 2.09 -3.917271447 13.0783826

WOR + 5oz N (NPK) 4.65   b 0.50 2.09 -3.850794447 13.1448596
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• If wood debris is in contact with soil it stays moist and is
rapidly colonized by fungal mycelium that binds organic
matter (woody aggregates) with inorganic matter,
forming soil aggregates.
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Strobilurin fungicides were compounds 
that Strobilurus tenacellus produced
Qol (quinone outside inhibitors:

Pristine
Abound
Gem
Quadris Top
Luna Sensation
Quilt Xcel





Armillaria mellea-Oak Root Rot





$185 million since 2018



CDFA’s Healthy Soils Program has approved Whole 
Orchard Recycling as a practice that growers can 
receive incentives for practicing.  www.cdfa.ca.gov

USDA-Natural Resources Conservation Services’ 
(NRCS) Environmental Quality Incentives Program 
(EQIP) has implemented mulching and soil 
incorporation as program to help growers 
implement WOR.  

In July 19, 2022, Governor Newsom signed AB 
2101 (Flora) California Carbon Sequestration and 
Climate Resiliency Project Registry: Whole Orchard 
Recycling Projects.  An additional $178 M was 
approved for WOR.  

Blue Diamond Almond Growers received a $40 M
Climate Smart Grant to help growers with WOR 
and cover cropping. 

http://www.cdfa.ca.gov/


WOR Co-Investigators:
Catherine Culumber, Ph.D., Farm Advisor, UCCE in Fresno County, cmculumber@ucanr.edu

Suduan Gao, Ph.D., Soil Scientist, USDA-ARS in Fresno, Suduan.Gao@ars.usda.gov

Amisha Poret-Peterson, Ph.D., Microbiologist, USDA-ARS, UCD, aporetpeterson@ucdavis.edu

Greg Browne, Ph.D., Research Plant Pathologist, USDA-ARS, UCD, gtbrowne@ucdavis.edu

Amélie CM Gaudin, Ph.D., Assistant Professor, Agroecology, UCD, Plant Science, agaudin@ucdavis.edu

Emad Jahanzad, Ph.D., Senior Environmental Scientist, CDFA, Emad.Jahanzad@cdfa.ca.gov

Amanda Hodson, Ph.D., Assistant Professor, Entomology and Nematology, UC Davis, 

Cameron Zuber, Farm Advisor, UCCE Merced County, cazuber@ucanr.edu

Astrid Volder, Ph.D., Professor, Plant Sciences, UCD, avolder@ucdavis.edu

David Doll, ex-Farm Advisor, Rua Dordio Gomes, daviddoll01@gmail.com

Franz Niederholzer, Ph.D., Farm Advisor, UCCE in Colusa/Sutter/Yuba Counties, fjniederholzer@ucanr.edu

Mohammad Yaghmour, Ph.D., Farm Advisor, UCCE in Kern County, mayaghmour@ucanr.edu

Phoebe Gordon, Ph.D., Farm Advisor, UCCE in Madera County, pegordon@ucanr.edu
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Thank You!


