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Soil Impacts

The treatments also provided different levels of various plant macro and micro-
nutrients. The Ash 1 treatment provided significantly higher levels of potassium 
and phosphorous to the soil, which could help account for the greater plant 
growth in the Ash 1 treatment.

Some ranchers in Douglas County, Oregon, have been using high carbon ash 
(40%-50% C) as a lime substitute to amend highly leached acidic (sometimes 
with pH<5) pasture soils. The ash is available at no cost from various types of 
wood-fired boilers at local sawmills. Our NRCS CIG project was to help 
farmers make biochar from on-farm resources. We decided to include analysis 
of this high carbon ash in the project in order to help provide guidance to 
farmers who wanted to know how much nitrogen to add along with an 
application of biochar or high carbon ash. We also wanted to know how the 
biochar we made would compare to the two types of boiler ash being used by 
ranchers. Biochar has a much higher percentage of carbon than boiler ash, while 
boiler ash has a higher concentration of metals. Boiler ash could present a risk 
of heavy metal accumulation if applied at high rates or if applied repeatedly on 
the same field. Biochar is less likely to present this risk.

Tipton Ranch, near Umpqua, Oregon. Photos taken in early fall as re-growth 
begins. Close up shows larger charred particles of boiler ash from recent 

application. The rancher wanted to know how much urea to add.
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As part of a NRCS Conservation Innovation Grant (On-Farm Biochar 
Production and Use with Manure Composting), we undertook a pot trial to help 
answer questions about application rates for nitrogen and three kinds of 
carbonized materials (biochar and high carbon boiler ash) on an acidic pasture 
soil in Western Oregon. We compared biochar made in a flame cap kiln with 
boiler ash from two different sawmills that burn wood waste for energy. These 
boiler ash materials are currently being used by ranchers as a pasture 
amendment and lime substitute. We found increases in plant growth that were 
correlated to the amendments' liming abilities. These results suggest that soil 
acidity is a primary growth-limiting factor, and therefore a successful strategy 
for establishing application rates of carbonized material is to base it on liming 
effect. However, the study also showed that carbonized materials can 
outperform lime, increasing plant growth more than expected based on pH 
alone. Nitrogen fertilization enhanced both plant growth and microbial activity 
when applied with boiler ash.

Treatments
In this experiment, four treatments, both fertilized and unfertilized, were 
compared against a no amendment control, with five replications. Micronized 
calcium carbonate was included to compare with the liming contribution of 
biochar and boiler ash. Two rates of urea-N addition (0 lbs/ac and 100 lbs/ac) 
were used in all treatments, including the un-amended control soil. Rye grass 
seeds were planted in pots and thinned to one plant per pot after germination. 
Plants were grown in a greenhouse for six weeks and then harvested for 
analysis.

Analysis Methods
Plant biomass was determined by clipping shoots to the root crown and 
collecting roots by wet sieving through a 1.4 mm sieve to remove soil. Roots 
and shoots were dried at 45°C for 48 hours. Soil pH and EC were measured in 
saturated pastes with a 2:1 water to soil ratio. Exchangeable cation 
concentrations were determined by Mehlich III extraction followed by analysis 
with an ICP-OES instrument. Results were analyzed using a linear model with 
liming agent and nitrogen rate nested within liming agent as explanatory 
variables. Analyses were conducted with the R statistical package (R 
Development Core Team 2014). 

Microbial activity was assessed based on the activity of an extracellular enzyme 
important to carbon cycling, by monitoring the hydrolytic enzyme ß-
glucosidase. Microbes produce ß-glucosidase, which degrades cellulose into 
glucose monomers that are used as a microbial energy source.  By monitoring 
the degradation of cellulose, we can assess whether soil amendments 
differentially impacted microbial decay of soil carbon.
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• Based on these results, it appears that while pH was important to growth, the two 
boiler ashes benefitted growth through additional means above and beyond their 
liming effect, likely due to increases in plant-available P and K.

• The results of this experiment showed that the addition of urea at 100 lb/ac has a 
clear benefit when applied with Ash 1, and this rate of N addition can be 
recommended to the rancher. 

DISCUSSION

The minimum recommended pH for annual ryegrass is 5.5, below which level 
decreased seed yields are observed (Hart and Mellbye 2010). Both the un-
amended and charcoal-amended soils had pH levels below or near this critical 
threshold, while the two ash treatments and the lime were above the threshold.

While all three treatments that exceeded pH 5.5 increased plant growth, the ash 
treatments increased growth more than lime. This suggests the two boiler ashes 
benefitted growth through additional means above and beyond their liming effect. 
Increases in K, P, and Mg (not shown) are the suspected cause.

N-fertilization was important for plant growth only in the Ash1 treatment where 
pH was optimal. N fertilization also enhanced microbial enyzme activity in both 
the Ash 1 and Ash 2 treatments. This indicates that both plant growth and 
microbial activity can be improved with N additions in the presence of high-
carbon ashes. However, it is worth noting that microbial activity and plant growth 
were not directly linked; microbial activity was lowest in Ash 1 while plant growth 
was highest.

Plant Growth
Shoot biomass and total plant biomass were both significantly improved with 
additions of lime, Ash 1, and Ash 2, but not with biochar additions. Root growth 
increased significantly with the Ash 1 and Ash 2 amendments only. Plant growth 
generally increased with soil pH.

Nitrogen fertilizer also tended to increase shoot growth, but the difference was 
only significant within the Ash 1 treatment (p = 0.004). 

Figure 1. Impact of treatments on root and shoot growth.
Figure 2. Relationship between total plant biomass and soil pH.

Treatments just before harvest.

MATERIALS

We analyzed the three ash/biochar materials at A&L Western Agricultural Labs 
using standard soil testing methods. The biochar was made from madrone branches 
using the “Ring of Fire” kiln, pictured below. The soil was analyzed by AgSource
Laboratories in Umatilla, OR.

Soil Test Results

Boiler Ash / Biochar Test Results

Scott McKain and Don Morrison of UBET make madrone biochar (charcoal) with 
“Ring of Fire” Flame Cap Kiln.

Microbial Analysis
The complete treatments are shown in Figure 3. While it appears that the biochar 
treatments had the highest microbial activity, one of the three enzyme assays failed 
in both the fertilized and the non-fertilized soils. Because that measurement is 
considered an outlier, we did not have the statistical power to analyze or compare 
the biochar treatment. Our pairwise comparison (comparing each of the treatments 
against the control) determined that the microbial community in the Ash1 amended 
soils had significantly less activity than the control, when no fertilizer was added.

No
ne

No
ne
-N
Lim
e

Lim
e-N As

h1

As
h1
-N
As
h2

As
h2
-N

Ch
ar
co
al

Ch
ar
co
al-
N

0.0

0.1

0.2

0.3

0.4

Treatment

ug
/m
l/h

Figure 3. ß-glucosidase 
enzyme activity

Figure 4. Impact of treatments on pH.

All the soil amendments significantly 
increased soil pH over the un-
amended control. In order of liming 
effect, they ranked Ash 1 > Ash 2 > 
Biochar. The mineral lime addition 
was closest in effect to Ash 1, but 
lower by an average pH of 0.31. Urea
addition had no significant effect on 
soil pH.

Figure 5. Impact on soil moisture.

The only amendment that 
significantly impacted soil moisture 
content was biochar, which increased 
gravimetric water content by an 
average of 68% (p< 0.001) over the 
un-amended control. Nitrogen 
addition did not significantly impact 
water content, but there was a 
suggestive decrease in soil water (p = 
0.075) within the biochar treatment, 
which may be due to the larger plant 
biomass and increased water demand.

Figure 6. Impacts of treatments on 
soil exchangeable-P levels.

Figure 7. Impacts of treatments on 
soil exchangeable-K levels. 


