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Sonoma County Biochar Project 
Executive Summary 
Over the past three years, Sonoma Ecology Center (SEC) has been engaged in this important 
project, funded by the US Department of Agriculture’s Natural Resources Conservation Service 
(NRCS) (Conservation Innovation Grant program) and the Sonoma County Water Agency 
(SCWA), to produce biochar from local wood wastes and test its use and effectiveness at three 
local farms. We term this effort the Sonoma County Biochar Project (SCBP). SEC’s partners in 
this effort include, in addition to SCWA and the three farms (named below), the Gold Ridge Re-
source Conservation District (GRRCD), the North Coast Resource Conservation and Develop-
ment Council (RC&DC), and New England Biochar LLC. The Appleby Foundation also provided 
additional financial support. 

Biochar is a specialized form of charcoal made at relatively high temperatures in the absence of 
oxygen (in a process termed "pyrolysis"). Combined with compost or similar nutrient-rich materi-
als, research suggests that adding biochar can improve soil health, retain soil moisture, in-
crease crop yields, and sequester carbon, keeping it out of the atmosphere. To make the bio-
char for this project we purchased, installed, and operated an "Adam Retort" production ma-
chine. This steel unit, located at Swallow Valley Farm near Valley Ford in west Sonoma County, 
produces about 500 pounds of biochar per production day using locally available excess woody 
biomass. The quality of the biochar as made in our Adam Retort has been uniformly excellent.  

During the project we used the biochar produced in our retort to test this unique material’s over-
all agricultural impacts in field trial experiments onsite at Swallow Valley Farm (SVF); at Oak Hill 
Farm (OHF) near Sonoma; and at Green String Farm (GSF) near Petaluma. SEC specialists 
worked with staff members at OHF and GSF to develop test and control plots for their vegeta-
bles and related crops; tests on pastureland were done at SVF. Biochar/compost mixtures were 
applied at all three farms — the mixture in test plots and compost alone in adjacent control 
plots. In the face of California’s drought conditions, we also conducted a special soil moisture 
field trial at SEC’s Sonoma Garden Park (SGP). These four locations are shown on Figure 1.  
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Figure 1. SCBP Field Trial Locations in Sonoma County 
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Results from these trials have allowed us to understand better the extent to which biochar can 
help Sonoma agriculture through both improved crop yields and less need for water use/irriga-
tion. In one case (at Oak Hill Farm) we saw significant water savings from our field trial. We 
have also learned much about the challenges of conducting real-world field trials in the face of 
California’s severe drought conditions and ongoing farming imperatives; and we have learned 
about the challenges of successfully producing biochar (see details on both of these challenges 
later in this final project report). 

Throughout the project SEC and its partners have carried out educational and outreach activi-
ties to local agricultural producers including the wider community to ensure that this effort’s re-
sults are understood throughout the county and beyond. We have held two public workshops at 
Swallow Valley Farm (the production unit site) and one at Sonoma Garden Park. Attendees 
have expressed interest in using biochar themselves and in learning more about its potential 
benefits. We also distributed biochar/compost mixtures at the Sonoma Garden Park. 

This report summarizes our implementation ofng this innovative CIG-funded project in Sonoma 
County...the first of its kind in California. 

SEC identified and reviewed many different biochar production pyrolysis machines and systems 
then available. The Adam Retort biochar production machine, designed and manufactured by 
New England Biochar, LLC, was deemed the most appropriate for community-scale, on-farm 
use based on design, operation, quality of char product, and cost. Looking back nearly. Looking 
back nearly three years later, we feel that decision still seems correct. In particular, the Adam 
Retort produces excellent high-quality biochar while operating with minimal air emissions. Over 
these many months, however, we have learned some important lessons about biochar produc-
tion using this machine, which can be summarized in three categories: 

•• machine operational capabilities and challenges; 
•• air quality control system that generates large volumes of liquid wood vinegar; and, most  

significantly, 
•• amount of labor required to operate the machine. 

The Adam Retort generally runs very productively and efficiently and, as noted, reliably and 
consistently produces great quality biochar. However, its gasifier start-up system caused some 
operational challenges that required major repairs by the unit’s manufacturer. The gasket seals 
on the top to the tub did not always remain sufficiently tight to ensure adequate closure; heat 
caused some warping of the metal closure. The water-based condenser has been difficult to 
keep functioning properly.  

While our machine’s condenser/air pollution control system successfully keeps emissions at 
very low levels, its operation creates more liquid wastes (“wood vinegar”) than we had initially 
anticipated. Each run of the machine generates about 45 gallons of this by-product liquid that, 
while potentially of commercial value once sold, requires an unanticipated high level of careful 
onsite storage and handling. After many months, SEC’s operational team finally brought this 
management challenge under control — but it was a difficult path to get there. 
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Finally, we have learned that the retort unit and production cycle require direct, hands-on and 
full attention of trained operators at all times when the machine is operating. The total amount of 
skilled labor required to operate the Adam Retort is thus higher than first anticipated. In sum, it 
takes a total of about 12 man-hours to complete each full operational production cycle: loading 
the tub with feedstock, starting the burn cycle with the gasifier, running the complete pyrolysis 
cycle, and then (after the machine has cooled overnight) unloading the biochar from the tub to 
get ready for another production cycle. For both safety and adequate supervision, at least one 
trained unit operator has to be present and focused on the machine’s evolving operations — not 
able to do much other onsite work nearby — during all of the hot phase. Unfortunately, the costs 
of all this labor exceed today’s commercial value of the 2/3 of a cubic yard (about 500 pounds) 
of biochar produced in each production run. While we were able to make enough biochar in the 
project’s Adam Retort to meet our research objectives in our field trials, this negative equation 
means that we cannot continue to operate this machine economically at Swallow Valley Farm 
on a regular basis going forward. As a result, with the completion of this CIG project SEC and 
SCWA are seeking to donate this retort to a local educational organization in Sonoma County or 
elsewhere where it can continue to be used effectively for research and educational purposes. 
This placement process is effectively underway as the CIG project comes to a close. 

California’s intense drought had major impacts on the evolution and success of our project at all 
three field trial farms, especially at Green String Farm. The unanticipated lack of irrigation water 
at this farm caused us to alter the trial site chosen at GSF. As a result, we were unable to meet 
our desired schedule. Continuing challenges at GSF minimized the value of our overall field trial 
results here. At Swallow Valley Farm we encountered unexpected difficulties with grazing ani-
mals getting through the temporary fencing around our test and control plots. This affecting our 
results in terms of measured biochar impacts. Even at Oak Hill Farm, where overall results of 
our field trial were quite successful and encouraging, we learned that continuing to irrigate the 
biochar-treated test plot equally to the control plot, while allowing a good measure of compara-
tive soil moisture retention with and without the biochar, caused some of the farmer’s winter 
squash plants to become too large to be market-acceptable. 

The high cost of biochar made in our Adam Retort remains a significant obstacle to local farm-
ers' acceptance of its use, though recently our ability to supplement our own production with 
commercial purchases from a new supplier has allowed potentially expanded field trials to sup-
plement our efforts under the CIG project. Our project’s leaders and supporters remain cau-
tiously optimistic that biochar use in California agriculture will continue to grow gradually, similar 
to history of how other best management practices and innovative techniques have emerged 
over time.   

In conclusion, despite encountering a number of unanticipated challenges, the Sonoma County 
Biochar Project basically met its stated goals and objectives. Key elements of our success are 
as follows: 

•• We brought a new modern biochar production unit into Sonoma County, the first of its 
type in California 
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•• We produced significant quantities of high-quality biochar from locally-sourced waste 
wood feedstock, and learned much about the commercial implications of ongoing char 
production 

• We applied our biochar at three local farms and learned much about its potential im-
pacts, finding at one of our test sites that the biochar-treated plot retained much more 
moisture and grew larger plants than was the case in the adjacent control plot 

• We learned much about the challenges of carrying out real-world agricultural field trials 

• We conducted a special test of biochar’s ability to hold moisture in the ground 

• We greatly expanded public knowledge in Sonoma County and the greater Bay Area 
about making biochar and using it in California agriculture. In this process we learned 
that there is great need and potential for continued and wider outreach 

•• We found the local community and our field trial farmers to be generally interested in the 
future possibility of using biochar as a soil amendment to improve soil health, save water 
(irrigation water especially), and sequester carbon 

• We conducted many one-on-one meetings and calls with individual farmers, Napa RCD 
and others to answer questions. At every meeting of the Sonoma Biochar Initiative we 
discussed the project and its community outreach efforts. We integrated the project with 
almost every activity of SBI since the start of this USDA-funded CIB effort. 

Biochar Production Unit (“Adam Retort”) 
As one of the first steps in this project, SEC purchased and installed our new Adam Retort from 
the company holding the US license to produce it: New England Biochar LLC (NEB). Our retort 
was custom made to order with production specifications and outputs designed essentially to 
meet this project’s expected needs.  The unit has since been able to successfully produce high-
quality biochar onsite at Swallow Valley Farm with minimal air emissions. Figures 2 and 3 show 
our Adam Retort biochar production machine. 
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Figure 2 — Adam Retort Arriving in Sonoma from Massachusetts 

Following the retort’s arrival and installation, the lead unit operator from NEB trained four SEC 
employees in Adam Retort operations and carried out the project’s initial production runs. These 
SEC operators operated the unit thereafter. Having four operators available gave us sufficient 
flexibility to meet our production schedule needed to produce enough biochar for application in 
the test plots at all three Sonoma County farms. 

SEC’s retort operations team has produced a comprehensive Operations Manual depicting all 
aspects of using this machine successfully and safely. (A copy of this manual is available from 
SEC upon request.) 
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Figure 3 — Adam Retort Ready to Produce Biochar at Swallow Valley Farm 

Initial Actions at Three Participating Sonoma Farms 
Project staff members initially worked with managers at all three farms to identify intended test 
and control plots and get them ready to apply the biochar/compost mixtures. We confirmed the 
soil types in each case, ensuring that the designated field test/control sites each fell entirely 
within a single NRCS soil characteristics category. 

Acquisition of Feedstock for Biochar Production 
We assembled and stored a large supply (about 80 cords) of woody materials at Swallow Valley 
Farm for use as biochar feedstock in the Adam Retort. Since we did not charge a tipping fee to 
individuals or companies with available waste wood in western Sonoma County, all of this feed-
stock was delivered to our operating site without cost to the project. 

Delivery of Feedstock Material to the Project Operational Site 
Banchero Tree Services, under contract to the Sonoma County Biochar Project, delivered a to-
tal of about 100 tons (200,000 pounds) of raw excess woody feedstock to SVF. These medium- 
to large-sized logs were all sourced in the general Sebastopol area, all coming from within about 
20 miles of our production site. The largest logs were some 5 feet in diameter. No branch or 
brush wood was included. These logs were sourced from hazardous tree removals at residential 
properties; none were cut from a forest setting. This was entirely excess wood, either fallen 
trees (downed by storms) or high-risk trees whose owners had asked that they be cut down and 
removed from their property. If they had not been used as feedstock for our project, all of these 
trees would have gone to a firewood lot or municipal tipping site (where they would have been 
chipped or otherwise degraded over time, with commensurate carbon emissions). Figure 4 
shows some of the logs we received as our original core feedstock at Swallow Valley Farm (too 
large to be used directly in our Adam Retort biochar production machine). 
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Figure 4  Excess Woody Biomass Logs Arriving at Swallow Valley Farm as Biochar Feedstock 

According to Banchero Tree Service, this wood came from the following types of trees: 

• 60 percent Monterey Pine 

• 20 percent Eucalyptus (Blue Gum, Red Gum, Lemon Gum, and Red Iron Bark) 

• 10 percent Bay Laurel 

• 10 percent other mixed hardwood and softwood (Liquid Amber, Douglas Fir,  
Walnut, etc.) 

No lumber or treated wood was included in the source material and none of the source material 
was sprayed with any prohibited substances during or after the harvesting of the trees.  

These wood logs were delivered to our operational location in 10 full loads of a logging truck 
plus another 12 loads using a smaller dump trailer pulled by a pickup truck. Both trucks were 
diesel fueled. The first delivery of wood was at the end of January 2014; deliveries continued 
periodically for several months thereafter. For purposes of understanding our project’s overall 
carbon emissions, the following data on trucking of these logs to our site are useful: 

• log truck: 5 - 6 mpg loaded and 8-9 mpg unloaded; estimated average 17 miles haul dis-
tance (in each direction for the return trip) 

• pickup truck with dump trailer: 10 mpg loaded and 12 mpg unloaded; estimated average 
18 miles haul distance (in each direction for the return trip) 

The project’s original concept of using some onsite feedstock from SVF (cutting some of the eu-
calyptus trees growing onsite at this farm) was subsequently rejected based on consideration of 
causing potentially significant risk to soil and bank erosion due to moving these heavy logs with 
large equipment down from the fragile, steep slope where this stand of trees is located.  
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Preparation of Feedstock Using Crambo Grinder 
Once all the logs were onsite, in December 2014, we rented a Komtech Crambo 480 hp slow-
speed grinder machine for a long day (about 9 hours) to turn them into feedstock usable in the 
retort. (See Figures 5 and 6.) This process produced excellent wood for this purpose. The 
Crambo is a large machine with big teeth on a roller. Operating at low speed at high torque 
(turning about only about 30 rpm), it turned the large logs into chunky biomass 12 inches or less 
in width and each about 4 feet long, all with numerous loose ends. No additional water or chemi-
cals were added during the process. We were able to control the characteristics of our final 
product by changing the screen size on the machine so that our feedstock was perfectly sized 
for use in the retort. Figure 7 shows most of our final feedstock pile at Swallow Valley Farm. 

 

Figure 5: Crambo Grinder Turning Logs into Usable Feedstock for the Adam Retort 
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Figure 6 Feedstock at Swallow Valley Farm as Prepared by Crambo Grinder 

 

Figure 7 Feedstock Woodpile at Swallow Valley Farm 

 

We protected our feedstock from rain by covering it with plastic, akin to a long tent. Optimal 
wood for processing into biochar in the Adam Retort has about 20 – 30 percent moisture con-
tent as a guideline.  
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Development and Use of Biochar Science Protocol 
With support and inputs from various project partners, SEC prepared a comprehensive field 
study protocol setting out in detail our proposed technical approach to biochar production and 
subsequent testing of biochar’s impacts on soil conditions at the three designated farms. This 
protocol includes information on test plots; testing of soil health and moisture content; tracking 
changes in crop yields; and so on.  

To support our desire that this project be a practical real-world demonstration as well as a scien-
tific inquiry, we developed protocols to understand our participating farmers’ reactions to their 
use of biochar: what worked, what did not, and why. We have been communicating these im-
portant “lessons learned” throughout the Sonoma County agricultural community.1 SEC’s own 
onsite laboratory has been able to conduct some of the tests using samples collected at the 
three farms by SEC field staff personnel; other samples have been sent to a certified offsite lab 
for analysis. 

Briefly, the science component of the Sonoma County Biochar Project was designed to accom-
plish the following five basic objectives: 

• Monitor the quality of biochar being produced; 

• Monitor the effects of applying biochar (with compost) on local farms’ soil health charac-
teristics and moisture retention capacity; 

• Monitor the effects and results of this biochar application on crops grown and harvested; 

• Record farm managers' overall opinions about the benefits and costs of using biochar in 
their operations, based on their field observations; and 

• Analyze and report on the observed overall effectiveness of using  biochar as a soil 
amendment in Sonoma County. 

Our specific approach to each of these objectives can be understood as follows: 

The project has monitored the quality of biochar being produced via: 

• Lab analysis of biochar produced from standard feedstock mix;  

• Ash content of the biochar produced from each production run; and 

• Tracking and monitoring operating parameters of the Adam Retort during production 
runs. 

 

 

                                                 
1 See a summary of the report from Oak Hill Farm’s David Cooper later in this report. 
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The project has monitored the effects of applying biochar on our test farm’s soils via: 

• Testing soil moisture levels in our test and control plots at both the beginning and end of 
growing seasons 

• Lab analysis of soil samples from our designated test and control plots at both the begin-
ning and end of growing seasons (and at other appropriate times) 

• Monthly monitoring of crop growth and soil moisture levels during growing seasons 

The project has monitored the effects and results of biochar on crops grown and harvested via: 

• Farm managers’ recording of key actions taken on their test and control plots (including 
soil amendments applied; cultivation, irrigation and pest control measures taken; crops 
harvested; and problems encountered 

• Farm managers’ recording of their ongoing observations of such factors as plant vigor, 
size, and quality; quantities of crops harvested; and disease/pest incidence 

The project has monitored farm managers' field observations and overall opinions about benefit, 
effectiveness, and costs of using biochar through in-person interviews and end-of-growing-sea-
son questionnaires.  
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Testing of SCBP’s Production Biochar 
Figure 8 shows an example of some of the biochar produced by our Adam Retort; we typically 
grind it into much smaller sizes for application as a soil amendment. 

 

Figure 8.  Biochar Produced by the Project’s Adam Retort 

On February 11, 2015, we collected a one-gallon sample of biochar from an early production 
run. We shipped a portion of this sample, along with the two new SVF soil samples, to the Soil 
Control Laboratory in Watsonville, CA. 

At the lab this biochar sample went through the International Biochar Initiative (IBI) Laboratory 
Test for Certification Program. The lab analysis showed the following characteristics for our bio-
char: 

• Its basic soil enhancement properties (defined as Nutrients-Primary + Secondary, and 
Nutrients-Trace Elements) were within acceptable ranges 

• trace metals were well below maximum acceptable levels. 

Full details on these lab results are available from SEC upon request. 

A portion of the production biochar sample underwent two additional toxicity tests (per IBI proto-
col): the Germination Test and the Worm Avoidance Test. Initially for these two tests, we used 
raw biochar, moderately moistened (to a level suitable to sprout garden seeds), but not inocu-
lated. After observing inconclusive results, we repeated the tests after allowing time for inocula-
tion to occur in our biochar/soil mix (25%:75% in both studies).  
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The Germination Test for both control and test samples showed a very high percentage of 
seeds failing to germinate. We obtained new seed from a different source and repeated the test 
(also with inoculated biochar). In the second iteration the control sample was done in 100% soil. 
Here 19 of 20 seeds sprouted. (In general these seedlings looked healthier than the biochar/soil 
seedlings: longer roots, more root hair, stem longer, taller with tiny leaves. No evidence of seed-
ling toxicity was observed.) 

In the first iteration of the Worm Avoidance Test,10 worms were placed in centerline depression 
of a container, one-half containing 100% soil and the other half the biochar/soil mix. After 48 
hours, 9 worms were found in the biochar/soil mix compared to only 1 worm in the 100% soil. In 
the second iteration of this test, 10 worms were again placed in the centerline depression of an 
identical container. After 48 hours, 2.5 worms were in the biochar/soil mix and 7.5 worms in the 
100% soil. (When the worms were being counted, one was on the demarcation line between 
both soil types so it was counted as 1/2 in each soil type.) Our interpretation is that no evidence 
of toxicity appeared to be driving worm behavior in either iteration of this test. 

Pre-Application Soil Testing at Three Trial Farms 
We obtained pre-application soil samples from each of our three farms containing 100% soil and 
the other h had them evaluated at the Soil Control Lab. Results are summarized in the following 
sections of this report; details are available from SEC upon request. 

Pre-Application Soil Sampling at Swallow Valley Farm 
We sampled soil at SVF on February 11, 2015. Due to activities occurring on other parts of the 
farm, the test and control plots originally chosen here in the summer of 2014 were replaced by 
newly identified plots in another part of the farm. Since some uncertainty existed over bounda-
ries of NRCS soil series in this new location, Ken Oster (NRCS Area Resource Soil Scientist) 
visited SVF and made a final determination of soil series to confirm the appropriateness of using 
these new plot locations for our study. The soil on the plots was determined to be Steinbeck 
Loam, 15 to 30% slope, eroded. 

Following Oster’s on-site visit and confirmation of soil type, SEC laid-out our specific plot loca-
tions (just under 1/2 acre each) and then conducted soil sampling following our protocol. Soil 
samples were taken at 5 locations in both the north and south plots, one roughly in the center of 
each plot and the other 4 samples each roughly 30-40 feet in from the corners on diagonal lines 
through the center. Each sample was collected from soil extracted by digging a 4-by-4-inch ver-
tical hole with a trenching shovel. Representative samples of soils found in vertical sequence 
down to about 1 foot in depth were placed in a plastic bag and labeled for transport to the lab. At 
our lab, the five samples were composited to generate materials for lab analysis. 

At each plot’s center location additional tests were conducted. Based on procedures detailed in 
the NRCS Soil Quality Test Kit Guide, the following tests were used: 

• Soil temperature was recorded at 6-inch depth. 

• Soil moisture level was recorded via a Lincoln Soil Moisture Meter at 10-inch depth. 
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• NRCS Infiltration Test was conducted. 

• NRCS Soil Respiration Test was conducted, using Draeger tube apparatus. 

Upon return to our own SEC lab, for each plot we composited soil from each plot using the five 
1-quart soil samples, placing about 1 gallon of final mix in plastic bags labeled with farm and 
plot names (SVF-NP and SVF-SP). These two soil samples were then shipped to the Soil Con-
trol Laboratory. This soil sampling followed a significant rain event in Sonoma County. As a re-
sult, the soil was saturated and Ken Oster's analysis showed perched water from 3 to 36 inches 
in depth. 

After extensive delay SEC finally received the results of these lab analyses. As could perhaps 
be expected of soil samples taken from impaired, highly-eroded sheep pasture, the analyses for 
both plots showed essentially the same result:  

• silt and clay dominated particle size distribution,  

• water permeability was quite low,  

• no measurable soil porosity,  

• primary and secondary nutrients ranged from below to far below suggested ranges,  

• trace nutrients were above suggested ranges, with the exception of Iron, which was well 
above the suggested range 

Pre-Application Soil Sampling at Oak Hill Farm 
Because of the soil series ambiguity encountered previously on Swallow Valley Farm, we sent 
NRCS Area Resource Soil Scientist Ken Oster detailed GIS maps of both Oak Hill Farm and 
Green String Farm along with aerial imagery and SSURGO soil boundaries. After examination, 
Oster confirmed that our preferred sites for plots on these two farms did not pose problems with 
mixed soil conditions as long as we stayed within existing field boundaries. 

We conducted soil sampling on Oak Hill Farm on February 26, 2015 at the field that had been 
identified for the onsite biochar trial by Farm Manager, David Cooper. The soil at this site is Red 
Hill Clay Loam, 2% to 15% slope. Cooper and SEC identified the specific way to divide the se-
lected field into adjacent test and control plots. The boundaries were determined by permanent 
irrigation structures, so no staking or other identification markings were necessary for plot lay-
out. At that time the field still contained a mature crop of winter vegetables, lacinato kale and 
brussels sprouts. 

The farm’s own equipment that was to be used later to apply compost and biochar/ compost mix 
to these test and control plots has wide swaths. Therefore we designated boundary areas with 
buffer zones. The plots each are about 40 ft by 280 feet (each about 1/4 acre), each surrounded 
by 10-ft buffer zones. All measurements of soil and crop conditions were made in the inner 
“true” plot rather than in a buffer zone. 
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For both plots at OHF, soil samples were taken at 5 locations, one roughly in center of each plot 
and the others each about 30-40 feet in from the corners on a diagonal line through the center. 
As we did at SVF, each sample here was collected from soil extracted by digging a 4-by-4-inch 
vertical hole with a trenching shovel. Representative samples of soils found in vertical sequence 
down to about one foot in depth were placed in a plastic bag and labeled for transport to the 
SEC lab. These five samples were later composited at our lab to generate the sample for sub-
sequent lab analysis. At the center location additional tests were conducted. 

• Based on procedures detailed in the NRCS Soil Quality Test Kit Guide, the following 
tests were done:  

• Soil temperature was recorded at 6-inch depth 

• Soil moisture level was recorded via a Lincoln Soil Moisture Meter at 10-inch depth 

• NRCS Infiltration Test was conducted 

• NRCS Soil Respiration Test was conducted using Draeger tube apparatus 

For each plot, at the SEC lab we composited our 5 1-quart soil samples, placed about 1 gallon 
of final mix in plastic bags, labeled them with farm and plot name (OHF-EP and OHF-WP). We 
then shipped these two soil samples to the Soil Control Laboratory. 

As with our other soil samples submitted to this lab, analysis of the Oak Hill Farm samples was 
received by SEC only after extensive delay. Once SEC did receive the analytical results, we 
noted immediately the sharp differences between SVF and OHF soils. In contrast to the im-
paired pastureland soils found at Swallow Valley Farm, the soils at Oak Hill Farm demonstrate 
the results of ongoing active soil management by the farm manager and his team over many 
years. Soil permeability and porosity here are far above levels seen at SVF; particle size ex-
tends across the spectrum of analyzed sizes. Numerous primary and secondary nutrients are 
below suggested ranges, a result that is perhaps aligned with this farm manager's strategy of 
growing for taste rather than for maximum crop weight or yield. 

Pre-Application Soil Sampling at Green String Farm 
Soil sampling on Green String Farm was conducted on March 4, 2015. Farm Manager, Riley 
Nowicki joined us for decisions on specific plot layout. At this time, the selected field was in win-
ter cover crop, 12 - 24 inches high. Nowicki's farm equipment posed the same concerns with re-
spect to imprecise edges of areas where compost and biochar/compost are to be applied as ex-
ists on Oak Hill Farm. So we took the same approach at GSF as at OHF, identifying relatively 
large plot areas with buffer areas surrounding the true trial plots. These buffer areas are to be 
farmed but for the purposes of this trial no measurements are being made within them. 

The initial plot size at Green String Farm was the largest of our three trial farms.2 Even ignoring 
the buffer areas around each plot, the plots were about 1.5 acres each. Since applying the bio-

                                                 
2 Note: As described later in this report, a different test/control location had to be used later at this farm. 
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char/compost mixture on a test plot of this size would not have been practical due to likely bio-
char production rates from the Adam Retort, we felt that the final test plot might have to be 
scaled to match available biochar on the farm’s preferred application date in late June 2015.  

Plot areas at this site are also much more irregular in shape than at the other two farms. The 
soil on these plots is Clear Lake clay loam, 0 to 2 percent. This is heavier clay soil than that 
found at Oak Hill Farm but not in league with that seen at Swallow Valley Farm. 

For both plots at GSF, soil samples were again taken at 5 locations, one roughly in the center of 
the plot and the other 4 roughly 30-40 feet in from the corners on diagonal lines through the 
center. As at the other two farms, each sample was collected from soil extracted by digging a 4-
by-4 inch vertical hole with a trenching shovel. A representative sample of soils found in vertical 
sequence down to about 1 foot in depth were placed in a plastic bag and taken to the SEC lab 
where the 5 samples were later composited to generate a sample for lab analysis. 

At the center location in each plot additional tests were conducted. Based on procedures de-
tailed in the NRCS Soil Quality Test Kit Guide, the following tests were done: 

• Soil temperature was recorded at six inch depth. 

• Soil moisture level was recorded at ten inch depth via a Lincoln Soil Moisture Meter. 

• NRCS Infiltration Test was conducted 

• NRCS Soil Respiration Test was conducted using Draeger tube apparatus, 

Upon return to SEC’s lab, for each GSF plot, we composited the 5 1-quart soil samples, placed 
about 1 gallon of final mix in zip-loc bags, and labeled them with farm and plot name (GSF-N 
and GSF-S). We then shipped these two soil samples to the Soil Control Laboratory. 

As with our other soil samples submitted to this lab, analysis of the Green String Farm samples 
was subjected to extensive delay. When finally received, the reports showed soils here with high 
clay content but still with good water permeability and porosity. Primary and trace nutrients other 
than total nitrogen appear to be below suggested range; trace elements are mixed. 
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Biochar Field Tests and Results at Three Sonoma Farms 
The extreme drought pummeling agriculture throughout California had an enormous impact on 
each of our three trial farms, as elsewhere in the state. This led to a wide range of results in our 
biochar trials, from failure to striking success. Three farms participated in field trials. All three 
farms are NRCS EQIP-eligible agricultural producers. Each farm produces different commodi-
ties and is located in separate watershed within the county with varied climate and soil charac-
teristics.    

Biochar Field Tests and Results at Swallow Valley Farm 
Approach to Initial Field Trial at SVF 
Project staff initially applied biochar and compost to our pastureland test plot (and compost only 
to the adjacent control plot) in late April 2015, using biochar produced in our onsite Adam Re-
tort. The biochar was applied in the northern half of the area, which in total is something under 
an acre in size. (We estimate about 1/3 of an acre each for the test and control plots, or about 
14,000 square feet each.) The biochar and control applications were made leaving a buffer of 
about 10 feet between the applications themselves (“machine pass”) and the fence. We applied 
to the test plot a total of eight yards of biochar blended with a similar volume of compost. The 
test plot was applied first, in eight 2-yard loads of the 50/50 char/compost blend. Then 8 yards 
of the compost alone was applied to the control plot. We made four extra passes over the con-
trol plot with the tractor to equalize mechanical impact on test and control plots. The entire appli-
cation process was filmed. The rain cooperated beautifully, watering in just enough without our 
having to irrigate. 

In preparing for this application process, we determined that the farm’s available chain harrows 
would be far too aggressive for our purposes, as they would have caused far too much damage 
to existing grasses. To deal with this situation we fabricated a drag structure from chain-link 
fence that made up an 8x8-foot chain mesh with a single row of 2-inch teeth. This proved ideal 
for scratching in the applied material to a depth of approximately 1 inch while minimizing dam-
age to the still- growing grasses. We did this during intermittent rain as well, which served to fix 
the applied materials onto and into the soil with no observed run-off. 

Using our available SVF farm equipment to apply this biochar and compost, actual soil penetra-
tion was about 1.5 inches; however, we concluded that it is feasible to use 2" for calculations, as 
with drying and wetting cycles the char can be expected to penetrate about that deep in the first 
season. 

• 2” of 14,000 sq ft is 2,333 cubic feet 

• 8 yards is 8 x 27 or 216 cubic feet 

• 216/2,333 = 9.25 percent coverage   

Based on these calculations, our actual application of the biochar/compost mixture at SVF rep-
resents 9.25% of the soil volume to a depth of 2 inches (a calculation of this percentage using 
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1.5 inches actual penetration depth would obviously be significantly higher: 12.3% — again as-
suming 1/3 of an acre). 

We based these pasture applications on the Marin Carbon Project’s recommended method of 
compost application on pastureland. Using this methodology, the entire application involves 
purely surface application. However, here we took the extra step of lightly harrowing in our mix-
ture to a depth of about 1 inch. 

To make these applications at Swallow Valley Farm our harrow with 2-inch teeth allowed us to 
blend the char to a reasonable depth. This approach was used to strike a balance between a 
more aggressive harrowing, which would have done far more mechanical damage to the exist-
ing grass on this pasture, and the Marin Carbon Project’s application method that uses "dusting" 
or top-dressing only. As a policy matter, SCBP is committed to making every effort to conform 
our biochar application processes to existing methodologies and approaches on each of our 
three partner farms. Since SVF had no existing compost procedure on its pastureland, we be-
gan with the Marin Carbon Project’s method (at an application rate of abut 20 cubic yards per 
acre) and modified it to address the concern that some blending was desirable. 

The compost acts as a conditioner to the biochar. At SVF we had available a high-quality com-
post consisting of three fractions: several yards of finished compost remaining from actions at 
this farm in 2014; a fresh batch (about 10 yards) of manure and bedding compost prepared at 
SVF from 2014’s lambs in the barn; plus a couple of yards of onsite Pajaro soil used to ensure 
fresh inoculation with the local biota. We prepared two equal piles of compost, then blended one 
with biochar while the other was kept separate. In this total combination about 90 percent of the 
inoculation medium consisted of very rich compost.  

About half of the biochar applied to the SVF pastureland plot was mature, weathered biochar 
produced during some SCBP conservation burn activities at Circle Bar Ranch near the city of 
Sonoma. This biochar required little if any further conditioning, but was mixed with the onsite 
SVF compost/barn/pajaro blend for good measure. Blending of the biochar/compost mixture 
was carried out in the Adam retort production area onsite at SVF.  

The application rate to the feeding root layer of the predominant annual grasses was quite high, 
and applied significantly deeper than suggested by Marin Carbon Project protocols (applying 
compost at ½ inch every 1 to 3 years using a mechanical speader) . The biochar/compost mix-
ture’s application entailed 12 passes over the one-third acre test plot: 8 with the tractor and 
spreader and 4 with the harrow. The control application also consisted of 12 passes: 4 with the 
spreader, 4 with the tractor and harrow, and 4 with the tractor alone. The disturbed earth was 
about 1 inch deep, consistent with our expressed project goals.

Results of Initial Field Trial at Swallow Valley Farm  
As described above, our biochar trial here began in April 2015 once sufficient production bio-
char was available from our Adam Retort and the work at Circle Bar Ranch. The trial was based 
on dry land farming practices on this farm’s coastal hills that are used as pasture land for sheep. 
Our core test hypothesis here was that biochar can improve dry land soil moisture retention and 
pasture growth. The two 1/3-acre test and control plots were separated from the larger pasture 
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by a temporary fence, consistent with procedures commonly used to control sheep grazing 
stock. As noted, we applied the 50/50 biochar/compost mix to the test plot along with 100% 
compost to the control plot. Both plots were then harrowed lightly.  

Unfortunately, this coastal farm area received less than a one-half inch of rain after we applied 
these soil amendments. As a result, these soils were so dry that their pasture grasses, domi-
nated by annuals, had effectively completed their shortened growth cycle just as this field trial 
was starting (see Figure 9). 

 

Figure 9 SVF Field Trial 1 Fenced Plots, May 2015 

Monthly sampling over the summer showed no significant differences in soil moisture levels be-
tween the two plots (see data in Figure 10); visual observations could not discern any differ-
ences either. Finally, in late summer, the temporary exclusion fence failed under ongoing pres-
sure from grazing stock in the adjacent pasture area (see Figure 11). This breach allowed re-
peated invasions of both trial plots by grazing sheep along with significant consumption/destruc-
tion by these animals of pasture crops. Destruction of vegetation in our trial plots (occurring be-
tween the mid-August and mid- September soil moisture sampling visits) so compromised pas-
ture growth in both plots such that SEC decided to halt further attention to this field trial in order 
to regroup and decide how best to proceed at SVF. 
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Figure11 One of several instances where separation fencing was downed by grazing sheep incursions into the SVF 
Field Trial’s fenced plots (September 2015). Note: The plots and all the surrounding hillsides were well along in pas-
ture maturation and drying by that date. 
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Field Trial 2 at Swallow Valley Farm  
SEC acquired additional funding from the Appleby Foundation allowing us to conduct a second 
field trial on SVF’s pastureland. In October 2015 we installed a permanent grade fence to sepa-
rate the designated test and control plots from adjacent pastureland that remained in active use 
by the farm’s herd of sheep.  

SVF Field Trial 2 began in November 2015. Working with almost exactly half of our original Trial 
1 area, we selected two rectangular plots derived from partitioning the original plots (both test 
and control plots were divided in half across the middle of their shorter dimensions). We began 
monitoring these restructured test and control plots to determine the ongoing impact during a 
second growing season with a second application of biochar in the test area. These two half-
plots are being managed, monitored and reported as our new Trial 2 here while we have contin-
ued tracking the other half-plots as Trial 1. Soil sampling taken in October 2015 was organized 
to serve as end-of-growing-season data for Trial 1 and beginning-of-growing-season data for 
both Trial 2 and the second phase of Trial 1.  

Our management plan for Trial 1, second growing season — after initial mowing of its ultra-dry 
pasture crop to a very low level — involved continuing our standard protocol: 

•• beginning-of and end-of growing season soil sampling 

•• monthly in-growing-season soil moisture sampling 

•• end-of-growing season crop sampling 

•• end of season farm manager questionnaire. 

Our core test hypothesis for SVF Trial 2 involved determining the difference in crop results (from 
trial 1 plots) that can be obtained by a second application of soil amendments, preceded by soil 
aeration. After plot preparation, the management plan for trial 2, first growing season followed 
the same monitoring protocol as stated above. Timing for this plot preparation was critical. Due 
to the extremely compacted nature of pasture soils at SVF, we took a calculated risk of waiting 
for several episodes of moderate rainfall in early November 2015 to moisten the farm’s ex-
tremely dry soils before beginning plot preparation. In the several days immediately prior to 
Thanksgiving 2015 we determined that soil moisture had reached an adequate level to allow 
successful soil aeration.   

With that situation available, we mowed the dry pasture on both plots to a very low level. Due to 
the modest size of our new Trial 2 plots (now 1/6 acre each), we used a residential sod aerator 
to provide a basic level of aeration to both plots. We then applied eight cubic yards of a 1:3 mix-
ture of biochar and compost (see Figure 12); for comparison, we applied eight cubic yards of 
unadulterated compost to the control plot. Finally, both plots were subjected to a minor harrow-
ing operation, done with a weighted cyclone fence section dragged behind a tractor, to distribute 
these new soil amendments more evenly and filter some of these materials down into the aera-
tion holes (see Figure 13). 
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As of January 2016, the new growing season was beginning and monthly soil moisture sampling 
activities were again underway. The test and control plots are shown at this date in Figure 14. 

 

Figure 12 Spreading the Biochar/Compost Mixture on the Test Plot for SVF Field Trial 2 

 

Figure 13 Final Step in Plot Preparation for SVF Field Trial 2. Note: The Weighted Drag was used to filter some of the 
biochar/compost mixture and the compost alone application into soil aeration holes. 
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Figure 14 SVF Field Trial 2 Plots on the Hillside below the SVF Field Trial 1 Plots. Note: The darker color of the bio-
char/compost mix is evident on the nearer (test) plot vs. the lighter color of the compost-only soil amendment on the 
control plot located farther away. 

End of Growing Season Sampling and Testing at SVF 
SEC carried out monthly soil moisture sampling at SVF for both the Trial 1 and Trial 2 plots. As 
noted above, in the previous year during Trial 1 we learned that our test growing season needs 
to coincide with natural precipitation and the related growing season on surrounding Sonoma 
coastal hillsides. Therefore our monitoring began immediately after plot preparation was com-
pleted in late November 2015, coinciding with the onset of winter rains here. Our plans called for 
monitoring of crop maturity as the growing season came to its proper biologic end. In mid-May 
2016 the pasture growth appeared to be approaching maturity, so we decided to end the trial on 
June 30. Waiting later to squeeze final growth from plots incurs risk of deterioration in existing 
biomass, accumulating insect and rodent damage, etc. We couldn't realistically expect improved 
results by further delaying the end date. 
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Figure 15 Pasture growth in Trial 2 plots on May 13, 2016. Most of the grass in this pasture was waist high at that 
time. 

On June 30, 2016, SEC completed final soil moisture sampling at this locale; and on July 1 we 
carried out soil health and crop sampling. For soil health sampling, we took a 1-quart soil sam-
ple at each of 5 stratified, random locations; one sample was taken a random distance from 
each corner in toward center and a fifth sample was taken within a random distance of the cen-
ter of the plot. In the SEC lab the 5 samples were composited and a 1-gallon container of the 
composited mix was packaged and shipped to the Soil Control Lab in Watsonville, CA.   

For crop sampling, in each plot, samples were taken at the same 5 locations where soil samples 
were taken. At each location a 10-inch by 20-inch quadrant was used twice at right angles to 
each other (both within 2 feet of the soil sampling location) to delineate a crop sample. All plant 
stems within the quadrant outline were cut as close to ground level as possible. This vegetation 
was collected in a labeled plastic bag. Thus the crop sample for each plot consisted of 5 occur-
rences of 400 square inches of pasture growth. This totals 13.9 square feet of pasture surface in 
the aggregate sample. These samples were air dried for 4 days and then weighed. 

Summary of Swallow Valley Farm Results - Soil Moisture Retention Levels 
SEC collected soil moisture retention data monthly from December 2015 through June 2016. 
Moisture sampling within each plot was done on 5 transects distributed roughly evenly along the 
long axis of the rectangular plot. The moisture probe was inserted in the soil about every 20 
feet. Initially, we were able to achieve an average 8-inch depth of penetration with the probe, 
due to softness from the high winter levels of soil moisture. However, over the spring and early 
summer, as soil drying progressed, the extreme level of soil compaction present in SVF soils 
gradually reduced average probe penetration to only 2 -3 inches. The occasional penetration of 
a gopher or mole tunnel yielded a (sometimes much) deeper penetration and an anomalous 
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reading. Also, occasionally a rock stopped penetration prematurely and yielded an anomalous 
reading. These anomalous readings were discarded and a slightly different location was then 
probed. 

Analysis of Trial 1, Second Season Moisture Data 
Previously in the first growing season of our Trial 1 SVF plots, compost and biochar/compost 
mix were applied in late April 2015 following the Marin Carbon Project‘s pasture protocols. The 
amendments were spread as a top dressing and lightly harrowed in, with about 1-inch maximum 
soil penetration. This is a key point: there was minimal disturbance of pasture and very little soil 
aeration. A disastrously low rainy season followed by grazing stock able to break through tem-
porary fencing and consuming/damaging the pasture growth resulted in termination of our first 
season's tests here. Previously, in Figure 10, the moisture readings for this truncated test had 
shown little differentiation between the plots.   

For this second set of measurements the SVF Trial 1 plots were mowed very low at the start of 
the growing season and the addition of permanent fencing provided protection from adjacent 
grazing stock throughout the test period. 

Figure 16 shows moisture readings for the second season in this test. As measurements pro-
gress through Sonoma County's rainy season, we see that moisture readings from the two plots 
really did not differentiate themselves from each other enough to be significant. We do see in 
the early May readings, when rains had tapered off and soil drying had begun, that the Test plot 
(with biochar) did show a reading a full 10 points greater than the Control plot. That difference 
then disappears by the time final readings were taken at the end of June. This absence of signif-
icant differentiation between the plots as shown through two seasons would indicate that simple 
topical application of amendments, even including biochar, is insufficient to rejuvenate ne-
glected dry land pasture lands. 
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Analysis of Trial 2 Soil Moisture Data 
As was described earlier, our core hypothesis for Trial 2 at this location was to determine the 
difference in crop results from additional amendments, plus a basic, economical, level of soil 
aeration compared to Trial 1 plots. The Trial 2 plots had a second application of biochar/com-
post soil amendments plus addition of a modest amount of soil aeration, provided by a turf aera-
tor. This equipment removed plugs of soil every 6 inches. Each plug was 1-inch wide and 3-
inches deep. A final, light harrowing filtered some of the second application of soil amendments 
into the aeration holes as well as more evenly distributing it across the plot. 

Figure 17 shows the moisture readings for the Trial 2 plots. These readings through early April 
(the heart of the rainy season) again do not show any significant difference between Test and 
Control. As seasonal precipitation declined, however, the May and June readings do show a 
modest difference between Test and Control plots. This may be attributed to the better place-
ment of biochar below the soil surface, as achieved by the aeration step. Thus these soils were 
able to hold and deliver somewhat greater moisture to the important top layer of soil. However, it 
must be noted the difference in readings is modest at best. 
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Summary of Swallow Valley Farm Results - Crop Sampling Results 
The pasture at SVF used for the trials contains a variable mix of grasses and herbaceous annu-
als, some valuable for pasture but others considered noxious weeds, including Italian Thistle 
(Carduus pycnocephalus) and a species of juncus commonly called wiregrass. Since the crop 
sampling was done at random locations, there was no obvious way to include or exclude any 
present species from sampling.  So the sampling metric is strictly biomass weight, after drying. 

Crop samples collected at 5 locations and held in a single labeled bag for each plot were re-
turned to SEC's lab. On carefully delineated sections of linoleum floor in a large room, the bio-
mass was spread out and allowed to air dry for 4 days. Due to the voluminous nature of these 
samples, the only practical method of weighing each was to transfer the dried biomass into a 
fresh plastic bag and to weigh while standing on a digital human-type scale holding the bag in 
hand. 

Table 1 and Figure 18 show these crop sampling results. In both trials the test plots (with bio-
char) show a comparable and substantially greater crop yield than associated control plots. It is 
interesting to note that Trial 2, with additional amendments and modest aeration, did not im-
prove on the yield seen in Trial 1, season 2. 

  

0

10

20

30

40

50

60

70

80

90

100

12/1/15 12/31/15 2/10/16 3/8/16 4/5/1016 5/13/16 6/30/16

Av
er

ag
e 

M
oi

st
ur

e 
re

ad
in

g

Sample Date

Figure 17 - Swallow Valley Farm 
Soil Moisture Sampling - Trial 2

TEST

CONTROL



Sonoma County Biochar Project, Final Report to USDA NRCS, August 2016  30 

Table 1 

Swallow Valley Farm Crop Sampling Results 

 

     

 Test Control Delta Lbs. Delta Per-
cent 

Trial 1, Season 
2 

3.3 2.5 0.8 32% 

Trial 2 3.2 2.5 0.7 28% 

 

 

Summary of Swallow Valley Farm Results - Soil Analysis 
Review by SEC of the soil analysis performed by the Soil Control Lab, Watsonville, CA, of the 
before and after situation at Swallow Valley Farm shows that beginning versus ending nutrient 
values (primary, secondary) and trace elements vary as shown in Tables x-1 and x-2. Shown 
are beginning and ending season values, deltas and inter-plot comparisons between individual 
values in our Control (without biochar) and Test (with biochar) plots. 

As is to be expected given SVF's the highly compacted, neglected, depleted soils at this long-
term sheep pasture area, the end of growing season values for all primary, secondary and trace 
nutrients were in ranges defined as either very low, low, or (at best) medium levels. This holds 
true for both plots in both trials. 
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Trial 1, Second Season - Soil Analysis 
A review of our Trial 1, Second Season results (details presented in Table 2) yields the following 
observations: 

• For most nutrients (primary, secondary and trace elements) beginning season values 
were higher in the biochar-enhanced Test plot. This is likely the result of the application 
of biochar here during the previous season.  Recall that trial 1 was halted in 2015 due to 
invasion of plots by grazing stock and subsequent damage done to the crops here. 

• For most nutrients (primary, secondary and trace), end season values were higher in the 
Test Plot. This is likely the result of a second application of biochar here at the start of 
the second season. 

• For Total Available N (ammonia and nitrate), the Test plot shows a greater change in 
end season values. This is likely due to biochar enabling crops to utilize a greater frac-
tion of available N here. 

• For most nutrients, end values in the Test Plot were not as severely depleted as those in 
Control Plot. 

• For most trace elements, in both Test and Control plots there was no consistent pattern 
observed. 

Trial 2 - Soil Analysis 
A review of Trial 2 results (details again found in Table 2) yields the following observations: 

• For most nutrients (primary, secondary and trace elements) beginning season values 
were higher in the biochar-enhanced Test plot. This is likely the result of the application 
of biochar here in the previous season.   

• For most nutrients, in contrast to what we see in the trial 1 table, end values in the Test 
plot were less consistently higher than those in the Control plot. 

• For Total Available N (ammonia and nitrate), the Test plot shows a greater change in 
end season values. This is likely due to biochar enabling crops to utilize a greater frac-
tion of available N. 

• For most nutrients, end values in the Test Plot were not as severely depleted as those in 
the Control Plot. 

• For most trace elements, no consistent pattern was observed in either the Test or Con-
trol plots. 
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Swallow Valley Farm - Conclusions 
Pastureland is a common agricultural setting in California, with an estimated 16 million acres 
statewide. These soils are often compacted, eroded and occupy a wide range of slopes. The tri-
als at SVF had the objective of determining whether using biochar as a soil amendment in such 
a setting could be part of an economical method for rejuvenating dryland pasture specifically, 
and could provide a greater level of improvement than traditional compost/fertilizer alone. 

As discussed above, results of our two trials here demonstrated that biochar can perhaps con-
tribute to an increased crop yield. However, this conclusion shouldn't be interpreted as a break-
through. Clearly, the topical application of amendments (per Marin Carbon Protocol) cannot 
solve the problem of high soil compaction levels. In Trial2, our addition of a modest level of aer-
ation was not adequate to promote a significantly higher level of crop yields either. This leaves 
open the following thread of research: further investigation is needed to determine how to eco-
nomically provide greater incorporation of biochar and other amendments into the top layers of 
soil and to demonstrate greater increases in crop yield. 
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Biochar Field Tests and Results at Oak Hill Farm 
On March 11, 2015, SEC delivered three cubic yards of biochar to Oak Hill Farm, located on 
State Highway No. 12 just north of the City of Sonoma. Farm Manager David Cooper mixed this 
biochar with about three cubic yards of compost that he already had on site, and placed this 
mixture in wind rows awaiting our delivery of the remainder of the biochar needed for the test 
application. On March 26, SEC delivered another three cubic yards of biochar to Oak Hill Farm. 
Cooper blended this second batch of biochar into his existing biochar/compost mix, resulting in 
a blend of about 3:1 biochar to compost. On March 28, Cooper applied this biochar/compost 
mix, totaling about eight cubic yards, to the designated OHF test plot. He then applied two cubic 
yards of his pure compost to the adjacent control plot. 

The total size of field dedicated to the biochar test here is about 5/8th of an acre. Because 
OHF's spreading equipment has some uncertainty about its coverage outside of swaths, we de-
cided to conduct all tests and monitoring of both control and test plots inside 10-foot buffers on 
all sides of each plot. Discounting these buffers then reduced the true plot size to about 1/4 of 
an acre each for control and test. 

Several specific aspects are of note regarding the blending and application process as con-
ducted at Oak Hill Farm: 

• Our biochar was blended with the compost in two different batches. The first biochar de-
livered was blended nearly three weeks prior to application of the final mixture to soil. 
The second half was blended within a day of application. As a result, the first part had 
more than the recommended inoculation time; the second half did not. 

• The 3:1 biochar to compost blending ratio was fairly strong on biochar. Combining this 
factor with the absence of inoculation time for the second half of the biochar provided a 
special test of the inoculation capability of OHF's compost. 

•• After application of the biochar/compost blend to the test plot and of the compost alone 
to the control plot at OHF, the entire field was ripped and tilled to incorporate the blend 
and compost into their respective plots. Then the entire field was planted in a cover crop 
of bell beans, oats and annual rye. Then it was irrigated. The field remained in cover 
crop for about two months before that cover crop was tilled in and the planned cash crop 
was subsequently planted here. This added another variable to the inoculation concern 
noted above, though we believe from results of research conducted elsewhere that two 
months of soil residence time with cover crops should adequately meet overall biochar 
inoculation requirements. 

Oak Hill Farm has its own groundwater available for irrigation, and thus was fortunate in avoid-
ing the water availability problems associated with California’s severe drought that so impacted 
the other two farms in our project. As a result, we achieved a rather successful trial here — with 
encouraging, even impressive results. Between April and May 2015, a green manure cover crop 
using biochar and compost was grown on the designated 1/4-acre test plot and on the equal-
sized adjacent control plot. After this cover crop was plowed in, winter squash was planted on 
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both of these two plots in June 2015. This existing field at OHF has received quality care in the 
past, so its soils were already in very good condition.   

Plot preparation for the biochar trial began in April 2015. Previous crop residues growing here 
were tilled in, followed by application of our soil amendments using a manure spreader. As 
noted above, the test plot received about eight cubic yards of a 2:1 biochar/compost mix; the 
control plot received two cubic yards of unadulterated compost. These amendments were then 
tilled in and the cover crop was planted.  

The farm manager reported having observed that the green manure crop in the test plot was 
shorter and less dense than in the control plot. Figure 19 confirms this observation, showing the 
cover crop at our OHF field trial site in mid-May 2015. The biochar test plot is to the right of the 
center sprinkler row; the control plot is to the left. In late May the cover crop was tilled in and 
nearly a month elapsed to allow crop residues to break down. 

 

Figure 19 - Oak Hill Farm Field Trial Site (May 2015) 

On June 20, 2015, OHF planted a winter squash crop here. Preparation simply involved tilling 
before seeding rows and setting out drip tape for irrigation. An equal number of rows of two 
squash varieties (Delicata and Butternut) were planted in each plot. Irrigation came from center-
lines of the squash rows. Irrigation duration, and thus total water applied, was identical for both 
test and control plots. Irrigation frequency and duration were adjusted by the farm manager to 
meet moisture requirements of the drier of the two plots, rather than differentially from one plot 
to the other. The farm manager reported that on extremely hot days, the test plot with its biochar 
was under visibly less stress than was the control plot. Irrigation ceased about September 1, af-
ter which the crop began about a month of drying and curing. The greater soil moisture retained 
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in the test plot due to biochar impacts actually became a concern for the farm manager at this 
point as it forced him to delay harvest to allow more curing time for the squash there. 

Figure 20 illustrates the growing season moisture retention results at our OHF field trial site. 
Note the wilted squash vines in the row to the left of center (in the control plot) in contrast to the 
larger squash vines with no wilting on the right (in the biochar test plot). Remember that irriga-
tion amounts were identical in both plots. Figure 21 shows the OHF field trial plots in mid-Sep-
tember, halfway through the curing period (again, control on left, test on right of center pumpkin 
row). Note smaller biomass and greater wilting in the control plot (left) as compared to the test 
plot. 

 

Figure 20 - Oak Hill Farm Field Trial Site (July 2015) 
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Figure 21 - Oak Hill Farm Field Trial Site (September 2015) 

On September 29, 2015, SEC collected end-of-growing-season soil moisture and soil health 
samples; on the following day we sampled crops here. A couple of days later, the Oak Hill 
farmer harvested all his crops and placed them in storage for later sale. 

Summary of Oak Hill Farm Results — Soil Moisture Retention Levels 
SEC collected soil moisture retention data monthly over four months, between June and Sep-
tember 2015. Moisture sampling was done in each plot on five transects distributed roughly 
evenly along the lengthy axes of these rectangular-shaped plots. We inserted a moisture probe 
in alternate longitudinal crop rows within about 4 inches of the drip tape, to a depth of 6 inches.  

Figure 22 shows the monthly soil moisture test results. Initially, SEC had not been notified of the 
exact timing of irrigation cycles in use here, so we did not at first measure soil moisture levels at 
the appropriate times. Once we synchronized our sampling visits with the proper times in the 
OHF irrigation cycle, moisture readings recorded showed obvious differences between the test 
and control plots. Analysis of the properly-timed data collected during both the squash growth 
and curing phases showed that the biochar test plot on average retained soil moisture at signifi-
cantly higher levels than did the control plot. 
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NOTES: 6/1/2015 testing was done after the green manure crop was tilled in. 

 7/2/2015 testing was incorrectly done shortly AFTER irrigation cycle at both plots 

 8/10/2015 testing was correctly done shortly BEFORE irrigation of the two plots 

 9/15/2015 testing was again correctly done shortly BEFORE the irrigation cycle 

The soil moisture sampling conducted in mid-August captured the squash crops at their high-
growth period. Fruits were rapidly gaining size and weight and plant foliage was still increasing. 
Moisture readings from the test plot averaged 90.6 as compared to an average of 57.5 from the 
control plot. That is, the biochar-treated test plot achieved average retained soil moisture read-
ings 57% higher than in the control plot).  

The soil moisture sampling done in mid-September captured conditions after irrigation had 
ceased in both plots, halfway through the squash curing stage. The vines at this point were dry-
ing out and the fruits were losing some of their moisture content (giving them longer post-har-
vest storage life). In this moisture sampling, readings from the test plot averaged 54.1 compared 
to average readings from the control plot of 29.8. In sum, at this time the biochar-treated test 
plot achieved average retained soil moisture readings that were fully 81% higher. (Note: aver-
age readings from the biochar test plot showed moisture levels without irrigation almost equal 
(54.1) to the levels found in the non-biochar control plot (57.5) while irrigation water was still be-
ing applied there!) 

This data corroborates our core test hypothesis that biochar-treated soils would show increased 
soil moisture retention. However, an additional lesson learned here is that this anticipated result 
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needs to be factored in to formulation of crop planning. The farm manager became concerned 
about the growing risk of significant fall precipitation arriving before adequate crop curing had 
occurred for squash in the test plot; these rains would have halted curing and compromised 
storage life of the crop. 

Summary of Oak Hill Farm - Crop Sampling Results 
The squash crop here was counted and weighed at a total of 16 random locations: 8 in the test 
plot and an equal number in the control plot. Within each plot, 4 locations were in the Delicato 
plantings and 4 in the Butternut plantings. A 6-foot diameter circle was drawn, centered on each 
random location. All squash within and touched by the outline of this circle were counted and 
weighed. Figure 23 shows this process underway. 

 

Figure 23 - Sampling, Counting and Weighing of Squash at Oak Hill Farm Field Trial Site (September 2015) 

The results of this sampling showed, for both varieties of squash, that the test plot yielded signif-
icantly higher numbers of squash (nearly twice as many) and had a significantly higher total 
weight of squash (well above twice as many pounds) as compared to the control plot. Table 3 
presents the data, depicted in Figure 24. 
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Table 3. Crop Weight and Number Comparisons, Oak Hill Farm 

OHF Crop Sam-
pling 

Control 
Plot 

Test 
Plot 

Differ-
ence 

Pct. Dif-
ference 

Delicato Squash - 
Count 35 68 33 194% 

Delicato Squash - 
Weight (lbs. 30 74 44 247% 

          

Butternut Squash- 
Count 22 37 15 168% 

Butternut Squash- 
Weight lbs 56 107 51 191% 
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Summary of Oak Hill Farm Manager's Observations 
Due to the busy nature of harvest in the fall months, the farm manager delayed completing our 
year-end farm manager's questionnaire until late November. A summary of his core observa-
tions and concerns appears below.3 

The following are the farm manager's primary observations and comments as taken from his 
completed questionnaire: 

1. After the green manure cover crop was tilled in to the test and control plots, the crop res-
idue took longer to break down in the test plot than in the adjacent control plot. This kind 
of delay for future farm uses of biochar might pose a concern for use of certain types of 
primary cover crops. 

2. Initially more weeds were observed in the biochar test plot, requiring greater labor for 
hand hoeing. 

3. The test plot grew larger plants and fruit than were grown in the compost-only control 
plot.   

4. The biochar/compost test plot withstood high temperatures better than did the compost-
only control plot. 

5. The test plot lost its retained soil moisture much more slowly than did the control plot 
during the curing stage. This behavior was a basis for the farm manager’s concern about 
completion of winter squash curing before fall rains were to begin. 

6. Biochar as a soil amendment was viewed as fully compatible with typical OHF farming 
practices. The farm manager’s primary concern was its likely cost (purchase price). Oak 
Hill Farm uses its own well water for irrigation. While its owners and managers remain 
very committed to conservation of water, since well water is significantly cheaper than 
municipal water the savings in water costs would not, at this location, offset the in-
creased cost of biochar. From this perspective, biochar’s retail purchase price was 
viewed as the primary constraint against its further use. This situation might be quite dif-
ferent at another farm where water is in short supply or is being purchased from an out-
side supplier. 

Biochar Field Tests and Results at Green String Farm 
Our initial plans for field trials at Green String Farm, near Petaluma, contained the largest acre-
age of any of the three farms in this project. Working with GSF’s lead farmer Riley Nowicki, we 
anticipated growing winter squash on a total of 2.5 acres here, with potentially as much as 1.25 
acres each in control and test plots.  

                                                 
3 The Oak Hill farm manager’s completed questionnaire is available from SEC upon request. 



Sonoma County Biochar Project, Final Report to USDA NRCS, August 2016  43 

Unfortunately, the severe drought greatly reduced water availability from the farm’s wells, signifi-
cantly affecting their annual crop plans. In response, the crops that the farm had planned to de-
ploy in these trial plots were abandoned and the target field was left un-watered with its dried-
out winter cover crop still in place. Figure 25 shows the drying winter cover crop on the original 
GSF plots that became infeasible to plant due to the farm’s severe water shortage. 

 

Figure 25. Test and Control Plots Originally Identified at Green String Farm 

As the summer and fall of 2015 unfolded and the local water availability continued to deterio-
rate, several GSF crop feasibility decisions (when, where, what, and how much to plant) were 
re-evaluated and modified. Ultimately, farm management shifted focus to their priority plantings 
for winter harvest (leafy vegetables), which are key to keeping their onsite farm store stocked 
over the winter and spring months. Working closely with farm management, SEC agreed to relo-
cate the biochar trial to one of these plantings on a smaller field serviced by GSF’s existing wa-
ter distribution system. The acreage for these new test and control plots is much smaller than 
originally envisioned, at only about 1/10 acre; thus only 1/20 acre were in the end available for 
the test and control plots, each. 

The soil series for these alternative GSF plots is Dbc, Diablo Clay, 2 to 9 percent slopes. The 
soil is quite compacted and stony. These plots are located adjacent to farm buildings. Until re-
cently, this land had not been actively farmed, thus relatively little improvement in soil quality 
has taken place here to date. So this trial presented an opportunity to document potential im-
provements from introducing biochar to soils of this type. 

On October 1, 2015, SEC took soil samples from these new plots. Plot preparation in early No-
vember consisted of tilling in previous crop residues, applying the biochar/compost mix (50 per-
cent each) to the test plot, applying compost to the control plot, and then final tilling in both 
plots. The next step involved planting greenhouse starts (multiple varieties of kale and chard).  
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On December 1, SEC began to take monthly soil moisture measurements. With the uncertainty 
of the current El Nino winter, we can't anticipate the outcome of this series of measurements. 
We anticipate that as harvesting these crops winds down there will be a discernible difference in 
moisture levels between the plots; but this remains to be proved. Late spring El Nino-influenced 
precipitation may mask these differences temporarily. If necessary, SEC will continue measure-
ments after crop harvesting has been completed in hopes of capturing usable moisture trends. 
Figure 26 shows the October soil sampling in the new plots at GSF. Figure 27 shows these 
plots in December 2015, with the recently planted leafy winter vegetables. 

 

Figure 26 Soil Sampling at Green String Farm (October 2015) 

 

 

Figure 27. Leafy Winter Vegetables Planted in Green String Farm Test and Control Plots (December 2015) 
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Growing Season Sampling and Testing at Green String Farm 
The management practices for the leafy winter vegetables planted in the project plots at GSF 
primarily consisted of multiple harvest passes each week and periodic (based on soil wetness) 
use of sprinkler irrigation. Each harvest pass through the plot consisted of selecting prime 
leaves and stalks for sale, some culling of damaged or poor quality leaves and stalks, plus 
some (very little) weeding done (these steps are all standard practice at GSF). 

 

. 

Figure 28 View of GSF Control Plot on May 13, 2016.  Note the presence of large weeds throughout the plot area. 
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Figure 29 View of the GSF Test Plot on May 13, 2016. 

Figures 28 and 29 show the test and control plots at Green String Farm on May 13, 2016. The 
character of the soil in these plots can be described as relatively unimproved.  It was quite 
lumpy, with some fist-sized solid clay lumps, stones of various sizes, vegetative matter in vari-
ous sizes (up to whole corn cobs) and varied states of decomposition. While these soil condi-
tions did not seem to impede growth of the kales and chards, as shown in Figure 29, some of 
these location-specific characteristics did have an unfortunate effect on use of our soil moisture 
meter, a Lincoln Irrigation Co. Model 24. During the height of the rainy season soils here were 
consistently saturated. Later when irrigation began, moisture readings ranged wildly, often 
reaching as high as 130 - 140. Calibration of the meter was always a concern. Often, after cali-
bration, the meter would have a base reading of 30 with a cleaned, dry probe. This implies that 
our readings must be interpreted as relative to each other and not absolute in any sense. 

SEC sampled soil moisture monthly at GSF. Each plot was covered by 4 or 5 transects evenly 
distributed along short dimension of the plots.  The probe was inserted every 2 - 3 steps in gaps 
between plants. This resulted in 10 - 12 readings on each transect. 

In early May 2016, the plot’s remaining past-prime plants were tilled in, thus setting the stage for 
a subsequent seasonal planting here. On May 13, we conducted final soil moisture sampling 
and collected end of growing season soil health samples. For soil health sampling, we took a 1-
quart soil sample in each plot at each of 5 stratified, random locations; one sample taken a ran-
dom distance from each corner in toward center and a fifth sample taken within a random dis-
tance of the center of the plot. In our SEC lab the 5 samples were composited and a 1-gallon 
container of the composited mix was packaged and shipped to the Soil Control Lab in Wat-
sonville, CA. 
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Due to the nature of crop and harvest methods being used at GSF, it was not possible for SEC 
to carry out any crop sampling here. We rely on farm manager observations for information of 
crop vigor and yield. 

Summary of Green String Farm Results - Soil Moisture Retention Levels 
Figure 30 shows the record of our soil moisture readings on the Green String Farm project plots. 
The results show readings approaching saturation levels as the rainy season progressed. Later 
months’ readings continued at high levels, however, due to irrigation from overhead sprinklers. 
And, as was noted in the meter calibration discussion above, our confidence is moderate at best 
in the accuracy of these readings. Nevertheless, there is no significant difference apparent be-
tween test and control plots. 

 

Summary of Green String Farm Results - Soil Analysis 
The final, modest project plots at GSF were located alongside farm buildings on land that had 
little prior cultivation. The determining factor for location was proximity to existing irrigation struc-
tures. The soil series is DbC, Diablo Clay, 2 - 9 percent slopes. The absence of prior history of 
cultivation was evident in this set of test and control plots’ heterogeneous characteristics. De-
spite their modest size (1/20th acre each) wide variations were apparent in texture and con-
sistency.  Many rocks were still present in these soils and as the growing season progressed, 
wide variations in crop growth and vigor were evident in close proximity to each other. 

Review by SEC of the soil analysis performed by the Soil Control Lab, Watsonville, CA, of the 
before and after situation at Green String Farm shows that beginning versus ending nutrient val-
ues (primary, secondary) and trace elements vary as shown in Table 3. Shown are beginning 
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and ending season values, deltas and inter-plot comparisons between individual values in our 
Control (without biochar) and Test (with biochar) plots. 

• For most nutrients (primary, secondary and trace elements) the Test Plot began with 
higher values, ended with higher residual values and yet delivered a greater fraction to 
crops. 

• For total available N (ammonia and nitrate), the Test plot delivered significantly larger 
amount to crops. 

• For trace elements, both plots began with high range values and ended with high range 
values.  No noticeable advantage was evident for one plot over the other. 
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Green String Farm - Conclusions 
The trial conducted at Green String Farm seemed to struggle significantly with obstacles out of 
our control (extreme drought) and human resource challenges the entire time. This farm sup-
ports innovation, conducts research, and actively practices permaculture approaches and tech-
niques. Farm management has supported several biochar workshops and field trips and pro-
vided strong, early support in development of this project. Unfortunately, the severe drought 
caused an entire growing season to elapse without an opportunity to execute a biochar field trial 
here. Later, when a downscaled trial was finally done, turnover in farm management resulted in 
reduced ability to meet prior project obligations. The results documented here are limited to 
work conducted by SEC staff at this location; no written inputs nor other observations were ob-
tained from farm personnel. 

An important lesson learned is that if farm management experiences turnover, serious discus-
sions need to take place leading to new agreements for continued participation to verify that suf-
ficient commitment still exists to pursue projects on site or to substitute other locations for 
planned field trials. 
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Special Soil Moisture Test of Biochar at Sonoma Garden Park 
Sonoma Garden Park, located on 7th Street East, near the limits of the City of Sonoma, is a 6-
acre demonstration garden and working farm operated by the Sonoma Ecology Center. A small 
section was designated for a field test of soil moisture retention from different biochar/compost 
ratios. This part of the site was determined most suitable due to its accessibility, relatively flat 
slope, and the uniform soil characteristics across all seven plots. 

This test, an extension to the program of activities envisioned in our original NRCS project de-
sign, was set up specifically to identify the particular biochar/compost mixture that would most 
effectively retain soil moisture. Seven 1-cubic meter plots were formed in September 2015, into 
which we introduced different compositions ranging from 100% biochar to 100% compost, 
mixed with the existing topsoil. Monitoring of soil moisture was conducted weekly.  

Table 4 shows the various ratios of biochar and compost in these seven plots. The pre-existing 
soil for the site was a common Huichica loam, 2 to 9 percent. Table 5 shows the respective 
amounts of material in each combination.  

Table 4. Ratios of Biochar to Compost in the Seven Test Plots 

PLOT # 1 2 3 4 5 6 7 

Compost 100% 80% 60% 50% 40% 20% 0% 

Biochar 0% 20% 40% 50% 60% 80% 100% 

 

Table 5. Amounts of Biochar and Compost in the Seven Test Plots (in cubic inches) 

PLOT # 1 2 3 4 5 6 7 

Compost 2,644 2,115 1,586 1,322 1,058 529 0 

Biochar 0 529 1,058 1,322 1,586 2,115 2,644 

 

On September 11, 2015, SEC staff led SEC’s EnviroLeader interns in breaking up the heavy 
clay soil and creating the square plots in the back area of Sonoma Garden Park (see Figure 31). 
Preparation involved measuring the 1-yard square plots, spaced 9 inches between each plot 
(see Figure 32). The site was drawn and dug out with measurements ensuring each plot was 
uniformly 12 inches deep. (Note, despite digging the plots down to 12 inches, due to soil com-
paction the moisture tests were only down to a depth of 9 inches.)  
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Figure 31 SEC Staff and EnviroLeader interns creating seven soil moisture test plots 

 

Figure 32 SEC EnviroLeader intern measuring the depth of a soil moisture test plot 

The soil from the plots was mixed with the range of char/compost amendments and backfilled 
in; note that the replacement volume of the soil amendments required removing some of the for-
mer soil of the site. Two lines of drip tape were set out with a total of 4 irrigation buttons dripping 
at 0.5 GPH per plot. The drippers were spaced out nine inches in from the corners of each plot 
edge. Irrigation duration for the site was set at 30 minutes once weekly; thus watering was iden-
tical at all seven control plots. Irrigation ceased after samples were taken from November 15, 
2015, as regular rainfall provided enough water for the site from that point on. From October 4 
through December 13, 2015, SEC collected weekly soil moisture samples. Sampling was post-
poned thereafter due to heavy rains and overly saturated ground. (We anticipate that sampling 
can restart again in late-February 2016). [Note: While checking the plots’ status in mid- Febru-
ary, we noted that wild mustard grasses growing here showed a huge vigor in the 60% Com-
post/40% Biochar plot as compared to all the other plots.] 
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Tentative Findings on Soil Moisture Retention at Sonoma Garden Park Test Site 
Soil moisture retention data were collected here weekly over a 2-month period. Sampling was 
done in each 1-square-yard plot on 5 transects distributed roughly evenly along the lengthy 
axes of these rectangular shaped plots. We inserted a moisture probe in alternate longitudinal 
crop rows within about 3 inches of the drip tape, to a depth of 3, 6, and 9 inches. Initially, we 
had hoped to also test at 12 inches but because of the clay soil composition, compaction made 
it difficult to get the probes down to that depth.  

Figure 33 shows the data for the seven test plots.4 Analysis of these data indicate that the bio-
char-heavy test plots on average retained less moisture than did the compost-heavy test plots. 
The soil moisture sampling done in mid-September took place when the soil was dry with the 
only moisture coming from irrigation. Readings during this time were fairly uniform across the 
seven test plots. When the rains hit and saturation levels increased greatly, however, the com-
post-heavy plots were better able to retain the water, at least initially.  

Compositions of biochar at 80% and higher scored the lowest in retention; in contrast, the 100% 
compost plot was the best at retaining water in the 2-month test period. However, the test plot 
with a mix of 60% biochar and 40% compost finished the season closely behind. These data 
contradict the test hypothesis that increased soil moisture retention would be found with the bio-
char-treated soils. However, this test only shows immediate gains, demonstrating compost’s ap-
parent advantage as a soil amendment in the short term. While additional testing would be re-
quired over a longer period to better expand these data, time and budget available did not allow 
SEC to continue this special effort. Our follow-up hypothesis would have been that the compost 
will decompose rather rapidly and require additional input while the biochar sites will retain their 
benefits well after the initial implementation period. 

 

                                                 
4 The complete data set is available from SEC upon request. 
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Figure 33. Soil Moisture Data from the Seven Test Plots at Sonoma Garden Park 

Project Education and Outreach Activities 
SEC and SCWA representatives worked closely with Gold Ridge Resource Conservation Dis-
trict (GRRCD) and North Coast Resource Conservation & Development Council (NCRC&DC) 
staff to plan, coordinate and host several project education and outreach activities. SEC’s 
NRCS CIG contract supports GRRCD efforts in this regard; NCRC&DC has provided in-kind 
support of this type to the project.  

Project Outreach Workshop in March 2015 
A group of 30 to 40 consulting soil scientists from across the nation visited SVF on March 12, 
2015 to learn more about the project, our retort’s operational capabilities, and our approach to 
applying biochar to three Sonoma farms. GRRCD helped coordinate this event. Sid Davis, 
NRCS State Soil Conservationist, was among  this group and took the opportunity to promote 
purpose and many benefits of NRCS Conservation Innovation Grant program. 
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Project Outreach Workshop in July 2015 
Our first major project outreach workshop took place on Saturday, July 25, 2015, at Swallow 
Valley Farm. This event focused on the implications of using biochar on pasture lands. Some 
40+ attendees at this event learned about biochar production in our Adam Retort and about our 
field trials at the three Sonoma County sites. Dr. Morell described the full range of SCBP actions 
and noted how biochar works to retain soil moisture and improve soil health. 

The event included a special presentation by Richard King, a Holistic Management Institute Cer-
tified Educator, former NRCS Area Ecologist in Petaluma Field Office, and beef cattle rancher 
from Poppy Hill Farm in Petaluma. King’s talk focused on building California’s rangeland 
soils. He educated the audience about how grasslands evolved with herding animals, whose 
presence affected the health of these grasslands. These areas were able to thrive when these 
animals stayed bunched together in response to risks from predators – there were no fences 
and the herds kept moving. As they did so, the green and standing dead vegetation was eaten, 
trampled, and fertilized — and then the herd moved on.  With the animals then gone, the plants 
and soil life had time to recover from the grazing, trampling, and compaction. They made effec-
tive use of available solar energy, while the areas’ water and nutrient cycles were increasingly 
effective. Over time the dynamics in the community of soil life increased markedly.  

King shared with workshop attendees that soil life increased because the grassland system was 
pumping carbon into the soil. After a grazing event, the plant roots exuded sugar into the rhizo-
sphere from the growing plants that feed microbial life and the soil food web. As the plant roots 
grow, there is natural death/pruning and decay and some organic material is lost as CO2 into 
the atmosphere. The surface litter decomposes and is either lost as CO2 or is transported into 
the soil by earthworms or other “soil livestock.” The key to enhancing this cycle is to keep the 
soil covered at all times in order to keep microbial life and the soil food web alive and active. 

King also shared with our attendees what it means to feed the soil with an effective carbon 
pump, allowing green growth for as long as possible. Diversity of plant species (cool and warm 
season grasses, etc.), structures (height of plants, roots of plants, healthy soil stability), and 
functions (nutrient cycling, water cycles, gas exchange, etc.). An effective pump has soil cover 
maintained at all times in order to enhance and protect soil microbial habitat from heat, cold and 
moisture loss. There is minimal soil disturbance (compaction, tillage); there is a plan for live-
stock grazing with grazing events that feed the microbes through increased root exudates (plant 
vigor), but the process does not overgraze the plants or deplete soil cover; and there is effective 
biological decay of surface litter. He stressed that effective management of grazing animals and 
soil health offers the key. Ranchers, land managers and all others who are interested in soil 
health need to plan and manage for: 

•• Diversity of plant species, structure, and function; 

•• Amount and kind of plant root mass; 

•• Growth rate of new roots; 

•• Microbial populations; 
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•• Root decomposition; 

•• Soil cover amount and management; 

He taught the group that plants respond immediately to grazing in three ways: (1) Plants mobi-
lize soluble carbohydrates to rebuild tissue; (2) Some root mass dies back as a natural root 
pruning; and (3) Soluble sugars are exuded into the roots rhizosphere, feeding the microbes 
whose population rapidly increases, bringing more nutrients and/or water to the plant roots and 
providing enzymes, vitamins, and hormones. Microbes and plants “scratch each other’s backs” 
resulting in a net increase in soil carbon (energy) levels and more effective nutrient use and 
conversion. 

King shared with the group that overgrazing occurs when a grazed plant is regrazed before it 
can fully recover its vigor — its energy has been depleted. Adequate plant recovery is needed 
when areas are grazed during the growing season to avoid grazing the plants’ regrowth too 
soon. Overgrazed plants either produce less or die. To date few people in California know how 
to plan or provide for adequate plant recovery periods, mimicking what the great wildlife herds 
and their predators once provided here. So the key is to plan in a way that is environmentally, 
socially and economically sound – both short-term and long-term. A good plan will feed and pro-
tect soil microbial life; and a healthy microbial life will improve a farm’s soil. The workshop ses-
sion ended with a lively discussion of ways in which biochar can help fulfill these functions, es-
pecially in the absence of managed grazing. 

This workshop, jointly coordinated by GRRCD and SEC, drew a rather large, diverse group of 
attendees. We were able to advertise the event and promote it to our email list of over 400 
unique addresses. The NCRC&DC advertised the workshop to its list of 200 
names. NCRC&DC’s Joan Weir attended this workshop and prepared a synopsis of the day’s 
activities, which was shared at Council meetings and by email distribution to over 200 regular 
contacts. GRRCD posted notices on its social media pages (blog and Facebook) and also 
posted the event on the Wacco Bulletin Board, Bay Area Nature magazine, Craigslist, and the 
local Press Democrat newspaper. While overall attendance was successful, we were less suc-
cessful in engaging directly with local ranchers, farmers and dairy producers. 

During this workshop, William Hart from GRRCD also spoke to the group about the availability 
of his agency’s large rangeland no-till seed drill that can be made available for rent at low cost 
to landowners to improve their soil conditions. Each year, the drill is typically used by 15 to 20 
local landowners in western Sonoma and Marin counties. In 2014 the drill was used on approxi-
mately 400 acres; since 2011, it has been used cumulatively to improve over 1,500 acres. Hart 
also spoke to the group about the benefits of conservation tillage. He stressed that soils are nei-
ther good nor bad; rather they are either healthy or unhealthy, the difference being that healthy 
soils have the capacity to: 

• function as a vital living system (within their ecosystem and land use boundaries); 

• sustain biological productivity; 
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• promote the quality of air and water environments; and 

• maintain plant, animal, and human health.  

The practice of conservation tillage contributes substantially to better soil health as compared to 
conventional plowing. Most importantly, conservation tillage reduces the impacts of soil erosion, 
which carries away soil, nutrients and organic matter. Based on 2009 USDA estimates, eroded 
soil costs between $6.10 and $6.40 per ton. No-till seeding provides winter vegetative cover 
without tilling the soil, improving soil permeability and reducing both runoff and erosion. This ap-
proach leaves plant residues on the surface, rather than tilling them in, which further protects 
the soil from erosion and imparts additional benefits. 

Project Outreach Workshop in October 2015 
Another project outreach workshop took place on October 28, 2015, at Sonoma Garden Park. 
Some 20 attendees (farmers and community members) at this event learned from Dr. David Mo-
rell and John Michalek about biochar production in our Adam Retort and in gasifiers and small 
kilns. Miles Atchison demonstrated how we are able to make biochar simply in the metal kiln 
that he has designed and produced. Raymond Baltar summarized the various uses and benefits 
of biochar in agriculture. Tony Passantino spoke about impacts of biochar use on soil moisture 
retention, soil health improvement and carbon sequestration. He also explained the ongoing soil 
moisture test and guided participants in actually conducting the sampling process. 

Other Project Biochar Education and Outreach Activities 
Over the course of the project, GRRCD has spoken about the effort with several producers but 
there is still a lack of understanding more generally about what biochar is and why and how bio-
char could benefit their operations.D has spoken about the effort with several producers but 
there is still a lack of understanding more generally about what biochar is and why and how bil 
erosion, which carriears.ay soil, nut video about biochar on its blog that has been viewed by a 
few people. 

NCRC&DC has also discussed the project at public meetings and on its Facebook page with 
over 550 followers.  

February 5, 2015 NCRC&DC Facebook Posting: Our partner, the Sonoma Biochar Initiative is holding a Biochar and 
Conservation Burn Workshop and Training, featuring instructor Peter Hirst, that will be held from 8 A.M. to 4:30 P.M. 
on Friday February 13 at the Circle Bar Ranch south of the town of Sonoma. Pre-registration is required. This event is 
cosponsored by the Sonoma Resource Conservation District and Circle Bar Ranch do demonstrate how replacing 
conventional open burn methods with the conservation burn can reduce emissions (visible smoke and invisible chem-
icals and particles) from agricultural burns in our community and conserve resources, especially carbon. You will also 
learn how to produce biochar, a valuable soil amendment, in the process. Registration is required:  http://circle-
bar.bpt.me/ 

April 28, 2015: NCRC&DC Facebook Posting: The Sonoma County Biochar Project has distributed biochar at two 
farm partner locations: Oak Hill Farm in Sonoma and Swallow Valley Farm in Valley Ford. Field trials on the bene-
fits/effects of biochar will be underway soon in accordance with a scientific protocol. The biochar was made locally 
using an Adam-Retort purchased using funds received from a USDA/NRCS Conservation Innovation grant and the 
Sonoma County Water Agency. For more info: http://sonomabiocharinitiative.org/ 

http://circlebar.bpt.me/
http://circlebar.bpt.me/
http://sonomabiocharinitiative.org/
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On December 19, 2014, members of the Sonoma Ecology Center, Sonoma Biochar Initiative, 
New England Biochar and Sonoma County Water Agency met with California Department of Ag-
riculture’s Environmental Farming Act Science Panel to discuss biochar field trials and shared 
information on the NRCS demonstration project.   

On January 10, 2015, Sonoma County Water Agency project manager, Susan Haydon, gave a 
presentation providing an overview and introduction about the project plus general information 
on biochar and water conservation benefits to a group of 40 attendees at a drought workshop 
sponsored by the Gualala River Watershed Council. Attendees included agricultural producers, 
coastal forest landowners, permaculture practitioners and community members. A local news-
paper article later appeared reporting on the community’s keen interest in biochar as a drought 
mitigation strategy.   

On January 13, 2016, SEC sponsored a special SCBP workshop at Sonoma Garden Park. A 
group of about 15 attendees (including several local farmers and a graduate student from Cal 
Poly San Luis Obispo) learned about biochar from Dr. Morell, viewed and learned about our on-
site soil moisture test, and witnessed a hands-on demonstration by SEC staff member Miles 
Atchison of a special metal kiln designed to make biochar efficiently. 

SEC and its Sonoma Biochar Initiative held additional project workshops at Green String Farm 
and at the Sonoma Garden Park. Both of these events focused on biochar education and 
demonstrated use of the Top-Lit/UpDraft (TLUD) kiln to make biochar from available excess 
woody biomass). Another workshop at Circle Bar Ranch near Sonoma focused on the conser-
vation burn technique to destroy excess agricultural materials — in this case, vineyard clippings 
— with minimal air emissions while producing some biochar at the same time.  

Supplementary to the SCBP effort itself, SEC associate Cuauhtemoc Villa presented lessons on 
biochar and the related material known as “bokashi" to every single 4th grade classroom in 
Sonoma Valley in Fall 2015 (a total of 13 classrooms and 300 students). He encouraged these 
students to help advocate for more organic and natural practices in local farming. In addition, for 
three consecutive semesters a total of 18 of SEC’s high school-level EnviroLeader interns as-
sisted in several biochar-producing conservation burns at Sonoma Garden Park and at the La-
guna De Santa Rosa clean up. They also played a major role in educational efforts to the gen-
eral public at Sonoma Garden Park about why and how to use biochar in local soils to improve 
plant vigor and conserve water. 

Summary of Project Expenditures 
SEC used Conservation Innovation Grant funds from USDA NRCS as follows: 

• support staff time to develop the biochar science protocol 

• support staff time for field testing of soil conditions, soil moisture content and implemen-
tation of related lab analyses 

• operate the Adam retort to produce biochar 
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• transport biochar to Oak Hill Farm and Green String Farm 

• apply biochar to the field test plots at SVF, OHF and GSF 

• conduct research and testing with farm managers, project partners, and NRCS 

• coordinate with farm managers, project partners and the community 

• cover local staff transportation costs 

• prepare interim project reports and the project final report. 

Project matching funds, per CIG contract, were used to: 

• purchase from NEB of the Adam Retort biochar production unit (with SCWA funds) 

• acquire wood feedstock delivered at Swallow Valley Farm 

• complete site preparation at SVF to accommodate the Adam Retort 

• apply biochar and compost to the test plot at SVF 

• conduct outreach and education activities 

• cover SEC staff time for project management and coordination, plus related grant and 
project administrative costs 

Summary of Problems Encountered, Lessons Learned,  
and Project Goals and Objectives Met 
Purchase of the Adam Retort biochar production machine from New England Biochar LLC was 
a good decision based on this machine’s design, operational characteristics, and cost. Looking 
back some three years later, that decision still seems correct in retrospect. In particular, the 
Adam Retort produces excellent high-quality biochar while operating with minimal air emissions. 

Over these many months, however, we have learned some important lessons about biochar 
production using this Adam Retort. These concerns fall into the following three categories, each 
discussed below in turn: 

•• machine operational capabilities, costs, and challenges; 

•• air quality control system that generates large volumes of wood vinegar; and, most sig-
nificantly, 

•• amount of labor required to operate the machine. 

The Adam Retort generally runs very productively and efficiently and, as noted, reliably pro-
duces high quality biochar. However, its gasifier start-up system caused some operational chal-
lenges and thus required warranty-based repairs by the unit’s manufacturer. The gasket seals 
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on the top to the tub have not always remained sufficiently tight to ensure adequate closure; 
heat has caused some warping of the metal closure. The water-based condenser has been diffi-
cult to keep functioning properly.  

While our machine’s condenser/air pollution control system successfully keeps emissions at 
very low levels, its operation creates far more liquid distillate (“wood vinegar”) than we had ini-
tially anticipated. Each run of the machine generates about 45 gallons of this by-product liquid 
that, while potentially of high commercial value once sold, requires a greatly-unanticipated high 
level of careful onsite storage and handling. After many months, SEC’s operational team has 
this management challenge under control — but it has been a difficult path to get here. 

Finally, we have learned that the retort unit and production cycle require direct, hands-on and 
full attention of trained operators at all times when the machine is operating. The total amount of 
skilled labor required to operate the Adam Retort is thus far higher than first anticipated. In sum, 
it takes a total of about 12 man-hours to complete each full operational production cycle: loading 
the tub with feedstock, starting the burn cycle with the gasifier, running the complete pyrolysis 
cycle, and then (after the machine has cooled overnight) unloading the biochar from the tub to 
get ready for another production cycle. For both safety and adequate supervision, at least one 
trained unit operator has to be present and focused on the machine’s evolving operations — not 
able to do other onsite work nearby — during all the of the hot phase. Unfortunately, the costs of 
all this labor exceed today’s commercial value of the 2/3 of a cubic yard (about 500 pounds) of 
biochar produced in each production run. While we were able to make enough biochar in the 
project’s Adam Retort to meet our research objectives and our defined field trial needs, this neg-
ative equation means that we cannot afford to operate this machine based on sales of biochar. 
Additional funding beyond what retail sales would generate is needed to continue production at 
Swallow Valley Farm on a regular basis going forward. 

As noted earlier in this report, California’s intense drought had major impacts on the evolution 
and success of our project, at all three field trial farms but especially at Green String Farm. Due 
to the farm’s unanticipated lack of irrigation water, we had to alter the trial site chosen at GSF 
and were thus unable to meet our desired schedule. At Swallow Valley Farm we encountered 
unexpected difficulties with grazing animals getting through our obviously-inadequate temporary 
fencing and this affecting our results in terms of measured biochar impacts. Even at Oak Hill 
Farm, where overall results of our field trial were quite successful and encouraging, our efforts 
did not meet with full acceptance from the farm’s management. It turned out that continuing to 
water (with irrigation) the biochar-treated test plot equally to the control plot, while allowing a 
good measure of comparative soil moisture retention with and without the biochar, caused some 
of the farmer’s winter squash plants to become too large to be market-acceptable. 

The high cost of biochar made in our Adam Retort remains a significant obstacle to local farm-
ers' acceptance of its use, though recently our ability to supplement our own production with 
commercial purchases from a new supplier allows potentially expanded field trials. Our project’s 
leaders and supporters remain cautiously optimistic that biochar use in California agriculture will 
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continue to grow gradually and with potential for economic viability as production scale and de-
mand increase, similar to history of how other best management practices and innovative tech-
niques have emerged and become accepted farming practices.   

In conclusion, despite encountering some unanticipated challenges, the Sonoma County Bio-
char Project has basically met its stated goals and objectives. Key elements of our success are 
as follows: 

• We brought a new modern biochar production unit into Sonoma County, the first of its 
type in California5 

• We made significant quantities of high-quality biochar from locally-sourced excess 
woody biomass feedstock, and learned much about the commercial implications of on-
going biochar production 

• We applied our biochar at three local farms and learned much about its potential impacts 

• We proved locally in Sonoma County that biochar works successfully to improve agricul-
tural efforts 

• We conducted a special test of biochar’s ability to hold moisture in the ground 

• We greatly expanded public knowledge in Sonoma County and the greater Bay Area 
about making biochar and using it in California agriculture. In this process we learned 
that there is great need and potential for continued and wider outreach  

• We found the local community and our field trial farmers to be generally interested in the 
future possibility of using biochar as a soil amendment to improve soil health, save water 
(irrigation water especially), and sequester carbon 

• We conducted many one-on-one meetings and calls with individual farmers, Napa RCD 
and others to answer questions. At every meeting of the Sonoma Biochar Initiative we 
discussed the project and its community outreach efforts. We integrated the project into 
almost every activity of SBI since the start of this USDA NRCS-funded CIG effort.  

  

                                                 
5 Our retort was the first biochar production machine to be operational in the state of California. Mendo-
cino’s test unit [RFFI] arrived in state sooner but had difficulties in beginning its production operations. 
Cogeneration/combined heat and power facilities — at sawmills (like at Scotia) and at stand-alone facili-
ties (like those of Burney Forest Products and Phoenix Energy) — make biochar as a byproduct, but our 
unit is specific to biochar production. 
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Appendices 
GSF_CONTROL_20151001 
GSF_CONTROL_20160526 
GSF_TEST_20151001 
GSF_TEST_20160526 
OHF-Control-20150226 
OHF-Control-20150929 
OHF-Trial-20150226 
OHF-Trial-20150929 
SVF_Trial-1-Control_20151014 
SVF_Trial-1-Control_20160701 
SVF_Trial-1-Test_20151014 
SVF_Trial-1-Test_20160701 
SVF_Trial-2-Control_20151014 
SVF_Trial-2-Control_20160701 
SVF_Trial-2-Test_20151014 
SVF_Trial-2-Test_20160701 



















TEL: 831-724-5422
FAX: 831-724-3188

Work Order #: 5030012
Account #: 8539

Date Reported:

Bryan Sesser
Sonoma Ecology Center
P.O. Box 1486
Eldridge, CA 95431

Date Received: March 2, 2015
Sample Identification: OHF-WP20150226
Laboratory #: 5030012-02

Water Permeability (in/min) 1.66 in/min by ASTM E2399
Water Permeability (cm/sec) 0.070 cm/s

Particle Size Distribution
mm Fraction Passing Retained
> 50 0.0 100.0 0.0 percent by weight
25 to 50 0.0 100.0 0.0 percent by weight
16 to 25 0.0 100.0 0.0 percent by weight
9.5 to 16 3.2 96.8 3.2 percent by weight
6.3 to 9.5 4.2 92.6 7.4 percent by weight
4.0 to 6.3 6.3 86.4 13.6 percent by weight
2.0 to 4.0 8.5 77.9 22.1 percent by weight
< 2.0 77.9 0.0 100.0 percent by weight

SUM 100.0

as-Received at Saturation Dry Weight
Moisture 15.9 22.0 0.0 percent by weight
Organic Matter 3.7 3.4 4.4 percent by weight
Ash 80.4 74.5 95.6 percent by weight

SUM: 100 100 100

Porosity 42.0 42.0 42.0 percent by Volume
  Air Filled 21.2 14.6 42.0 percent by Volume
  Water Filled 20.8 27.4 0.0 percent by Volume
Solid 58.0 58.0 58.0 percent by Volume

Bulk Density (lbs/cu-ft) 73.5 77.6 60.5 lbs / cu-ft
Bulk Density (g/cc) 1.18 1.24 0.97 g / cc

Particle Density (average) 2.36 g / cc

April 24, 2015

Growing Media Physical Properties and Agriculture Related Constituents



TEL: 831-724-5422
FAX: 831-724-3188

Work Order #: 5030012
Account #: 8539

Date Reported: April 24, 2015

Bryan Sesser
Sonoma Ecology Center
P.O. Box 1486
Eldridge, CA 95431

Date Received: March 2, 2015
Sample Identification: OHF-WP20150226
Laboratory #: 5030012-02

Results Results Suggested
Nutrients-Primary + Secondary (ppm) (lb/cu yd) Range Units Method
Total Nitrogen dw (Kj-N): 1412 3.5 Crop.Spec. (lb/cu yd) Kj-N
Total Available (N): 12 0.03 0.13to0.25 (lb/cu yd) Calc.
Ammonia (NH4-N): 6.5 0.016 0.06to0.13 (lb/cu yd) Sat.Paste
Nitrate (NO3-N): 5.7 0.014 0.03to0.13 (lb/cu yd) Sat.Paste
Organic Nitrogen (Org.-N): 1400 3.5 Crop.Spec. (lb/cu yd)
Phosphorus (as P2O5): 9.1 0.023 > 0.19 (lb/cu yd) Mehlich
Potassium (as K2O): 4.3 0.011 > 0.44 (lb/cu yd) Mehlich
Calcium (Ca): 36 0.09 > 2.5 (lb/cu yd) Mehlich
Magnesium (Mg): 4.3 0.011 > 1 (lb/cu yd) Mehlich
Sulfate (SO4-S): 3.0 0.0075 0.13to0.31 (lb/cu yd) Sat.Paste

Nutrients - Trace elements
Copper (Cu): 0.0 0.0001 > 0.0013 (lb/cu yd) DTPA
Zinc (Zn): 0.1 0.0003 > 0.0013 (lb/cu yd) DTPA
Iron (Fe): 9 0.0219 > 0.0013 (lb/cu yd) DTPA
Manganese (Mn): 0.4 0.0009 > 0.0013 (lb/cu yd) DTPA
Boron (B): 0.0 0.0000 < 0.0015 (lb/cu yd) Hot Wat

Salts, pH, Bulk Density, Carbonates
Sodium (Na): 1.0 0.002 < 0.31 (lb/cu yd) Mehlich
Chloride (Cl): 25 0.062 < 0.13 (lb/cu yd) Water-IC
pHs Value: 7.3 NA 6.5 to 7.5 units Sat.Paste
Electrical Conductivity (ECe): 0.2 NA 0.5 to 2.0 mmhos/cm Sat.Paste
Carbonates: (as CaCO3 in %) 0.16 NA < 2 percent Pressure
C/N Ratio 8.3 NA < 25 ratio Calc.
Moisture: 16 percent Crop.Spec. percent 110c
Organic Matter 4.4 percent dw
Results reported 'as-Received' unless otherwise stated.
dw = dry weight basis Analyst: Kevin Alexander

Plant Available Nutrients and Agriculture Related Constituents-for potting & green roofs







TEL: 831-724-5422
FAX: 831-724-3188

Work Order #: 5030012
Account #: 8539

Date Reported:

Bryan Sesser
Sonoma Ecology Center
P.O. Box 1486
Eldridge, CA 95431

Date Received: March 2, 2015
Sample Identification: OHF-EP20150226
Laboratory #: 5030012-01

Water Permeability (in/min) 1.49 in/min by ASTM E2399
Water Permeability (cm/sec) 0.063 cm/s

Particle Size Distribution
mm Fraction Passing Retained
> 50 0.0 100.0 0.0 percent by weight
25 to 50 0.0 100.0 0.0 percent by weight
16 to 25 13.2 86.8 13.2 percent by weight
9.5 to 16 4.8 82.0 18.0 percent by weight
6.3 to 9.5 2.8 79.1 20.9 percent by weight
4.0 to 6.3 3.6 75.6 24.4 percent by weight
2.0 to 4.0 6.4 69.1 30.9 percent by weight
< 2.0 69.1 0.0 100.0 percent by weight

SUM 100.0

as-Received at Saturation Dry Weight
Moisture 16.4 25.2 0.0 percent by weight
Organic Matter 4.6 4.1 5.4 percent by weight
Ash 79.1 70.7 94.6 percent by weight

SUM: 100 100 100

Porosity 52.4 52.4 52.4 percent by Volume
  Air Filled 29.1 20.6 52.4 percent by Volume
  Water Filled 23.2 31.7 0.0 percent by Volume
Solid 47.6 47.6 47.6 percent by Volume

Bulk Density (lbs/cu-ft) 73.2 78.5 58.7 lbs / cu-ft
Bulk Density (g/cc) 1.17 1.26 0.94 g / cc

Particle Density (average) 2.27 g / cc

April 24, 2015

Growing Media Physical Properties and Agriculture Related Constituents



TEL: 831-724-5422
FAX: 831-724-3188

Work Order #: 5030012
Account #: 8539

Date Reported: April 24, 2015

Bryan Sesser
Sonoma Ecology Center
P.O. Box 1486
Eldridge, CA 95431

Date Received: March 2, 2015
Sample Identification: OHF-EP20150226
Laboratory #: 5030012-01

Results Results Suggested
Nutrients-Primary + Secondary (ppm) (lb/cu yd) Range Units Method
Total Nitrogen dw (Kj-N): 1182 3.0 Crop.Spec. (lb/cu yd) Kj-N
Total Available (N): 18 0.04 0.13to0.25 (lb/cu yd) Calc.
Ammonia (NH4-N): 10.0 0.025 0.06to0.13 (lb/cu yd) Sat.Paste
Nitrate (NO3-N): 7.9 0.02 0.03to0.13 (lb/cu yd) Sat.Paste
Organic Nitrogen (Org.-N): 1164 2.9 Crop.Spec. (lb/cu yd)
Phosphorus (as P2O5): 7.7 0.02 > 0.19 (lb/cu yd) Mehlich
Potassium (as K2O): 3.9 0.0 > 0.44 (lb/cu yd) Mehlich
Calcium (Ca): 38 0.1 > 2.5 (lb/cu yd) Mehlich
Magnesium (Mg): 4.3 0.01 > 1 (lb/cu yd) Mehlich
Sulfate (SO4-S): 3.8 0.010 0.13to0.31 (lb/cu yd) Sat.Paste

Nutrients - Trace elements
Copper (Cu): 0.0 0.0001 > 0.0013 (lb/cu yd) DTPA
Zinc (Zn): 0.1 0.0003 > 0.0013 (lb/cu yd) DTPA
Iron (Fe): 9 0.0214 > 0.0013 (lb/cu yd) DTPA
Manganese (Mn): 0.4 0.0010 > 0.0013 (lb/cu yd) DTPA
Boron (B): 0.0 0.0001 < 0.0015 (lb/cu yd) Hot Wat

Salts, pH, Bulk Density, Carbonates
Sodium (Na): 1.3 0.003 < 0.31 (lb/cu yd) Mehlich
Chloride (Cl): 29 0.073 < 0.13 (lb/cu yd) Water-IC
pHs Value: 7.1 NA 6.5 to 7.5 units Sat.Paste
Electrical Conductivity (ECe): 0.2 NA 0.5 to 2.0 mmhos/cm Sat.Paste
Carbonates: (as CaCO3 in %) 0.17 NA < 2 percent Pressure
C/N Ratio 8.1 NA < 25 ratio Calc.
Moisture: 16 percent Crop.Spec. percent 110c
Organic Matter 5.4 percent dw
Results reported 'as-Received' unless otherwise stated.
dw = dry weight basis Analyst: Kevin Alexander

Plant Available Nutrients and Agriculture Related Constituents-for potting & green roofs
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