BHO4000 – Integrated Project

Growth of creeping bentgrass (Agrostis palustris) in a sandbased root zone amended with a nutrient loaded biochar
Sean Brown · Andrew Krek · Brent Lees

Prepared for the Prairie Turfgrass Research Centre, April 11, 2012

Executive Summary
Sphagnum peat is currently the industry standard for root zone amendments in a sand-based
putting green root zone within the golf industry. Despite its popularity as a root zone amendment, the
process of harvesting peat moss has detrimental effects on the environment destroying hundreds of
years of ecosystem development. Peat moss also breaks down relatively quick with a half-life of one to
five years. This presents the need to find a more sustainable replacement. Biochar is the by-product of
the pyrolysis of plant matter. This process burns the plant material in the absence of oxygen which
ensures the plant material preserves its structure and is stable in the environment. Some favourable
qualities that make biochar a suitable replacement for peat moss is its high nutrient and water holding
capacity. Biochar that has been matured in the soil over several years has shown to produce better
yields than fresh biochar additions in crop systems with fewer fertility inputs. This has led to the
hypothesis that fresh biochar can be pre-treated in a nutrient solution to mimic the effects of a matured
biochar benefiting plant growth right from establishment.
To test this hypothesis 20 plots were created consisting of five treatments and four replications.
Treatments consisted of 95:5 & 90:10 v/v sand to biochar, and 95:5 & 90:10 v/v sand to nutrient loaded
biochar. Electrical Conductivity (EC), pH, germination, clipping yield, and root length was tested. The
plots were constructed out of PVC pipe and built to simulate a California-style putting green. Plots were
seeded with Penn A-4 creeping bentgrass (Agrostis palustris). Nutrient loaded biochar was created by
saturating it in a solution of a water soluble fertilizer.
After the treatments were created, EC and pH were measured and recorded in order to compare
the results to EC and pH at the end of the 8 weeks. When the first signs of germination appeared it was
monitored over the course of a week using a randomized one inch grid system. During the first four
weeks all plots were fertilized. Clippings were collected, grouped and measured together for this
period. The final four weeks the plots did not receive any fertilizer and clippings were also collected in
the same manner. Root length was measured using a soil probe taking a single plug from each plot.
From the results it is concluded that nutrient loading biochar has the potential to be a suitable
replacement for peat moss as an amendment in putting greens although further research on a full size
scale is required. The 10% biochar mixes performed best overall, specifically in root length and clipping
yield. Nutrient loading the biochar successfully mimicked a mature biochar which aids in the
establishment of a newly constructed creeping bentgrass putting green.
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1. Industry Analysis
The target industry for the research project is the turfgrass management industry, specifically the
golf course industry. The golf course industry is consistently under pressure to reduce inputs associated
with the maintenance of turfgrass areas especially in areas of fertility and irrigation. The costs incurred
with the purchase and application of fertilizer is growing for the consumer due to the increase costs of
manufacturing the product. The rate of the increased cost is unsustainable to the average golf course
maintenance budget. There is a need for the development of alternative methods to insure plant health
is not compromised; improving the rootzone in its ability to hold and exchange nutrients and water
would be greatly beneficial to the turfgrass management industry.

1.1. Target Client
The client for the integrated project is the Prairie Turfgrass Research Centre (PTRC) based in Olds,
Alberta. The PTRC conducts research and disseminates information regarding the management of
turfgrass on the Canadian prairies. PTRC research includes: Fertility, Plant Stress, Soil & Amendments,
Turfgrass Disease, Varietal Trials, and Weed Trials.

1.2. Trend Analysis
With the ever increasing focus on the vision of conducting sustainable environmental practices, the
experiment conducted has made this vision as one of its main objectives. Golf managers continue to
position themselves as leaders when it comes to environmental stewardship; an experiment of this
nature demonstrates the desire to be challenged and uncover increasingly more sustainable practices.

2. Background
2.1. Current Putting Green Construction Standard
The United States Golf Association (USGA) first published specifications on putting green
construction in 1960. Since then they have evolved to the current standard published in 2004. The
USGA specifications for a putting green are based on the creation of a perched water table where a fine
material sits on top a coarser material (USGA Green Section Staff 2004). The base of the putting green
consists of drainage lines underneath a four (4) inch deep gravel drainage layer to evacuate excess water
from the root zone. Above the drainage layer is a two (2) inch deep intermediate layer followed by a
twelve (12) inch deep sand-based root zone. The purpose of the intermediate layer is to prevent the
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migration of the root zone into the drainage layer. The intermediate layer is generally not included
where the particle sizing of the root zone and drainage layer is appropriate to prevent migration. USGA
specification greens that are absent an intermediate layer are referred to as California-style putting
green.
The USGA provides specifications for the particle sizing of the sand for optimal putting green
performance. However, sand alone does not provide an adequate water and nutrient holding capacity
to fully support the turfgrass growth. As a result, the USGA recommends a root zone amendment that
can be either organic or inorganic. Organic materials can consist of fine ground organic waste products
or compost. Inorganic amendments can consist of calcined clay, calcined diatomites, and zeolites.

2.2. Use of Peat Moss as an amendment
The most common root zone amendment for sand-based greens is peat moss (USGA Green Section
Staff, 2004). In comparison to most organic amendments, peat moss has better water and nutrient
retention and a significantly lower cost (Bigelow, 2004). Sphagnum peat is a popular source of peat
moss in Alberta due to its low pH, ranging from 3.5-4.5. This helps to lower the high pH of calcareous
sands often used in Alberta for putting green construction to a range acceptable for optimal turfgrass
health. Creeping bentgrass is the predominately used turfgrass in Alberta for putting greens with a pH
range of 6-6.5 is desired for optimal health. Most calcareous sands range in pH from 8 to 9.
While there is no set standard for the amount of peat to use in a sand-based root zone, typically an
80:20 v/v and 85:15 v/v mix of sand to sphagnum peat are utilized with the latter generally being most
common in Alberta. Peat moss, however, decomposes quickly which reduces its benefits over time. The
half-life of peat has been shown to range from 5 years to as little as 1 year in laboratory experiments
(Kussow, 1987). It is not uncommon for a golf course to have to renovate their greens partially or
completely within a twenty year span due to a variety of reasons including the breakdown of peat in the
root zone.

2.3. Harvesting Peat Moss
Peat moss is harvested from peat bogs. Large trenches are created to channel water out of the peat
bog, drying it out, thus allowing harvest machinery to strip layers of peat from surface of the bog
(Daigle, 2001). While it has been reported that peat moss accumulation in Canada is 60 times faster
than it is being harvested (Daigle, 2001), it is still scrutinized heavily. The harvesting of peat is an
environmentally disruptive process that destroys hundreds of years or more of ecosystem development.
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The loss of these ecosystems also displaces the species that inhabit them adding to the importance of
finding alternative materials in place of peat. Identifying alternate materials in golf course applications
is a way in which peat demand can be reduced.

2.4. Biochar as a root zone amendment
Biochar is a by-product of the pyrolysis of plant biomass. The process of pyrolysis burns the plant
material in an environment absent of oxygen; this process creates an ash like substance but preserves
the structure of the original plant material. In addition, biochar is also stable within the soil for
hundreds to thousands of years (What is biochar?, 2012). The property of biochar allows it to be a more
sustainable resource than sphagnum peat lasting significantly longer in the environment. Research
using biochar as a sand-based root zone amendment has shown that biochar increases water and
nutrient retention, cation exchange capacity (CEC) and anion exchange capacity, while decreasing bulk
density (Brockhoff, 2010). These properties are similar to peat and are favourable for a root zone
amendment in a sand-based root zone. Exploring the use of biochar as a root zone amendment is
worthwhile. Moreover, in a soil environment with other non-turf crops, the addition of biochar
increases fertilizer efficiency (Cowie, 2010; Laird, 2009) and increase crop production over time
(Lehmann, 2010). While long term studies have been performed on other crops no long term studies
have been completed on biochar to validate whether this is also true with creeping bentgrass grown in a
sand-based root zone.

2.5. Drawbacks of biochar in turf
While biochar has a high nutrient holding capacity, newly produced or “fresh” biochar has shown to
hinder plant growth until it has matured in the soil (Lehmann, 2010). It is hypothesized that plant
nutrients that would have normally been available for plant uptake are bound to exchange sites of fresh
biochar making the nutrients unavailable to the plant. It isn’t until after the biochar has accumulated a
sufficient amount of nutrients on its exchange sites that a normal exchange of nutrients is achieved and
the full benefits of biochar amendments become realized. The phenomenon has been observed in soil
applications; however, the long term effects of biochar in a sand-based root zone for putting green
applications have not been examined. It is hypothesised that biochar can be treated with plant
nutrients to mimic a matured biochar before adding it to the root zone; however, the process of
nutrient loading biochar has yet to be explored.
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Biochar has an unfavourable high pH. While this varies depending on the source of plant material,
the pH of biochar can be up to 9. This can lead to micronutrients becoming unavailable to the turf plant
inhibiting growth and producing a weaker plant that is more susceptible to disease pathogens. The ideal
range for the growth of creeping bentgrass is between a pH of 6 and 6.5 (Beard, 2002). This could
present a challenge for creeping bentgrass growth on a biochar amended root zone.
Furthermore, biochar is not a readily available consumer product (Section 4.2). This can be a
potentially limiting factor in the industry application of biochar as a sand-based root zone amendment.

2.6. Project Objective
The objective of this project is to examine creeping bentgrass and compare its growth in root zones
amended with biochar, nutrient treated biochar, and the industry standard sphagnum peat. With this
research we plan to identify if treating fresh biochar in a nutrient solution will act as a way to simulate
mature biochar and achieve expected results. This project may also serve as a platform for additional
research whether it is successful or not.

3. Applied Research Paper
3.1. Abstract
It has been hypothesized that fresh biochar can be pre-treated in a nutrient solution to mimic the
effects of a matured biochar for a new putting green construction. Treatments consisted of the
following root zones: 95:5 v/v USGA sand to biochar, 90:10 v/v USGA sand to biochar, 95:5 v/v USGA
sand to nutrient loaded biochar, and 90:10 v/v USGA sand to nutrient loaded biochar. The control was
an 85:15 v/v USGA sand to Sphagnum peat root zone. Each treatment was replicated 4 times.
The plots were constructed out of 6-inch diameter PVC pipe cut to 16 inches in length. A 4-inch
drainage layer and a 12-inch root zone simulated a California-style putting green. Plots were seeded
with Penn A-4 creeping bentgrass (Agrostis palustris) at a rate of 46.5 kg per hectare. Nutrient loaded
biochar was created by saturating it in a 1500 ppm solution of 20-20-20 water soluble fertilizer with
micronutrients for 16 hours. Nutrient loaded biochar was mixed into ratios of 95:5 and 90:10 USGA
sand to nutrient loaded biochar by volume.
Tests included electrical conductivity (EC), pH, germination, clipping yield, and root length. Clipping
yield was grouped into two segments, weeks 1 to 4 with fertilization and weeks 5 to 8 without
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fertilization. From the results it was concluded that nutrient loading biochar has the potential to be a
suitable replacement for peat moss as an amendment in putting greens although further research on a
full size scale is required. Both 10% biochar mixes performed best overall. Nutrient loading the biochar
successfully mimicked a mature biochar, which aids in the establishment of a newly constructed
creeping bentgrass putting green.

3.2. Keywords
Agrostis palustris, amendment, biochar, California green, clipping yield, creeping bentgrass,
decomposition, density, electrical conductivity, growth, nutrient loading, organic matter, peat moss, pH,
root zone, sand, sphagnum peat, sustainability, USGA specification

3.3. Introduction
The most common root zone amendment for sand-based greens is peat moss (USGA Green Section
Staff 2004). In comparison to most organic amendments, peat moss has better water and nutrient
retention and a significantly lower cost (Bigelow, 2004). Peat moss, however, decomposes which
reduces its benefits over time. The harvesting of peat is an environmentally disruptive process and its
environmental sustainability is still to be undetermined.
Biochar, a by-product of the pyrolysis of plant biomass, is stable within the soil for hundreds to
thousands of years (International Biochar Initiave, 2011). Used as a sand-based root zone amendment
biochar increases water and nutrient retention, cation exchange capacity (CEC) and anion exchange
capacity; while decreasing bulk density (Brockhoff, 2010). In a soil environment the addition of biochar
increases fertilizer efficiency (Cowie, 2010; Laird, 2009) and increase crop production over time
(Lehmann, 2010).
On a sand-based golf green, biochar has the potential to reduce fertilizer inputs, and therefore
saving a significant amount of time and money in fertilizer applications. Increased fertility also means
an increased recuperative capacity from injury. Too much growth can add unnecessary stress to the
turf; as well as provide inconsistent playing conditions throughout the day. The addition of biochar to a
sand-based golf green root zone would ultimately impact its agronomic and cultural management. Little
research has been done on the growth of turf on a biochar amended root-zone. Long term studies have
been performed on other crops. However, no long term studies have been completed on biochar to
validate whether this is also true with creeping bentgrass grown in a sand-based root zone.
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Biochar has a high nutrient holding capacity, fresh biochar has shown to hinder plant growth until it
has matured in the soil (Lehmann, 2010). It is hypothesized that plant nutrients that would have
normally been available for plant uptake are bound to exchange sites on fresh biochar making the
nutrients unavailable to the plant. It isn’t until after the biochar has accumulated a sufficient amount of
nutrients on its exchange sites that a normal exchange of nutrients is achieved and the full benefit of
biochar amendments can become realized. This phenomenon has been observed in soil applications;
however, the long term effects of biochar in a sand-based root zone for putting green applications have
not been examined. It is hypothesised that biochar can be treated with plant nutrients to mimic a
matured biochar before adding it to the root zone. The process of nutrient loading biochar has yet to be
explored.
The hypothesis of this study is that biochar can be nutrient loaded with a beneficial effect to the
growth of creeping bentgrass when used as a sand-based root zone amendment.

3.4. Materials & Methods
3.4.1. Setup
The experiment consisted of five (5) treatments replicated four (4) times. Previous work has
shown that root growth is not significantly affected with biochar amendments up to 10 percent
(Brockhoff, 2010). This amount was selected as a base line to determine treatments of a full rate (10%)
and a half rate (5%) by volume of biochar to USGA specification sand. There were two (2) treatments for
each rate of biochar; one (1) with biochar treated in a nutrient solution and the other remained
untreated. The control is an 85:15 mix of sand and sphagnum peat.
Biochar was treated by placing 4.5 liters (L) of biochar in a pillow case and submerging it in 10 L
of nutrient solution for 16 hours. The process was replicated three (3) times to produce the required
amount of treated biochar for the plots. Nutrient solution consisted of Plant Prod 20-20-20 plus
micronutrients soluble fertilizer at a rate of 1500 ppm of product. See Appendix 6.2 for a complete
analysis.
Each plot consisted of a 6 inch (inner diameter) PVC pipe cut to 16 inches in length that
mimicked a California style green. Each plot had approximately a four (4 inch deep drainage layer
consisting of “buckshot” pea gravel and was topped with a 12 inch deep root zone. A half inch lip was
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left at the top of each plot to ensure that there is no overflow when fertilizing and watering plots and to
be used as a guide for removing clippings.
Each plot was seeded with Penn A-4 creeping bentgrass at a rate of 46.5 kg per hectare or 42
seeds per square inch. The rate was determined to be closest to the maximum seeding rate of 49 kg per
hectare (Beard, 2002) able to be achieved based on the precision of the weight scale available. Plots
were watered to field capacity before seeding and seeded as carefully as possible to ensure even seed
coverage. A vibrator seeder was used to aid with even seed coverage.
Plots were placed in greenhouse #13 at Olds College with approximate daytime temperatures of
20-22°C and 10-12°C night-time temperatures. Supplemental 400 watt lighting was setup six (6) feet
over top of the plots to simulate a 14 hour day. Plots were set up in a randomized block design with
each block setup in a line running parallel to the nearest outside wall.
3.4.2. Irrigation
From seeding to establishment the turf was irrigated three times a day, morning, noon, and
evening to prevent seeds from drying out. Approximately 28 mL of water per plot was applied per
irrigation event, water applied as a mist utilizing a spray bottle.
During week two (2) the plots were irrigated Monday through Wednesday, and Friday with 85
mL of water using a water bottle. In week three (3) and four (4) plots were irrigated with 115 mL of
water on Monday, Wednesday, and Friday. In weeks five (5) to eight (8) plots all plots were irrigated at
the same time, as needed, up to two times per week with 114 mL of water per plot with a water bottle.
3.4.3. Fertilization
Plots were fertilized weeks 1 through 4 at a rate of 0.5 lbs of N per 1000 square feet. The same
fertilizer used to treat the nutrient loaded biochar was used (Appendix 6.2). Fertilizer was applied in a
solution totaling 28 mL. During weeks 5 through 8, plots were not fertilized.
3.4.4. pH and Electrical Conductivity
The pH and EC was measured using a pH and EC meter in a 2:1 solution of distilled water to root
zone material (Appendix 6.4, Img. 12). The pH and EC of the distilled water was 7.9 and 1.8 µS
respectively. Measurements were taken at the beginning of the experiment using extra root zone
material for each treatment and replicated 4 times. Measurements were taken a second time at the
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end of the experiment using the material extracted with a soil probe during the root length testing
(3.4.7).
3.4.5. Germination
Germination was measured on Monday, Wednesday, and Friday, three days after initial
germination occurred. A one inch square grid was set up that had 21 sections (Appendix 6.4, Img. 15).
Three randomly selected sections from the grid were used to determine an average seeds germinated in
each plot. New grid locations were randomly selected for each day that germination was tested.
3.4.6. Clipping Yield
Clippings were gathered using a pair of scissors modified with paper walls to hold clippings
(Appendix 6.4, Img. 10). Clipping yield was taken as needed to prevent removing more than one third of
the leaf tissue at a time. Clippings were grouped for weeks 1 to 4 (with fertilization) and weeks 5 to 8
(without fertilization). During the testing period clippings were stored in plastic Ziploc bags and stored
in a refrigerator. At the end of clipping collection clippings were air dried for one day to allow for easy
transfer from plastic bags to paper envelopes for processing. Clippings were dried in an oven at 50
degrees Celsius for 96 hours (Appendix 6.4, Img. 14). Dry clippings were weighed using a laboratory
balance accurate to one tenth of a milligram (Appendix 6.4, Img. 13).
3.4.7. Root Length
A single plug was removed with a soil probe from the approximate center of each plot to
measure root length (Appendix 6.4, Img. 12). Sand was slowly removed from the bottom of the plug
using a pen until roots were visible. Root length was measured as the distance from the longest root tip
to the top of the root zone media.

3.5. Results and Discussion
All statistics were analyzed with the CoHort statistic software using ANOVA test.
3.5.1. pH
During week one of the experiment pH was significantly lowest in the sphagnum peat control at
8.58 (Fig. 1). The peat showed no effect on the pH of the sand at 8.59. The next lowest pH was in the
10% nutrient loaded biochar at 8.92 yet the pH that was the highest was the 10% biochar treatment at
9.19. This suggests that nutrient loading the biochar had an acidifying effect on the biochar effectively
reducing its pH.
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During week eight of the experiment all treatments showed a significantly lower pH than week
one (Fig. 2). This can be seen as an acidifying effect from the water used to irrigate the plots which was
7.77. pH amongst all plots showed the same trend with the sphagnum peat control showing the lowest
pH at 7.97, followed by the 10% nutrient loaded biochar at 8.25. The 10% biochar treatment still had
the significantly highest pH at 8.51. The reduction in pH amongst all treatments was not significantly
different than the control suggesting that the ph of a root zone amended with biochar has the same pH
reduction potential as sphagnum peat (results not shown).
3.5.2. Electrical Conductivity
All EC readings were much lower than expected which may be a reflection of the combination of
low overall fertility used over the duration of the experiment and the use of distilled water for the
testing procedure which had an EC of 1.8 µS.
The initial EC of the 10% biochar and the 10% nutrient loaded biochar was significantly higher
than all other treatments at 136.05 µS and 135.35 µS respectively, compared to 91.35 µS in the
sphagnum peat control (Fig. 3). The initial results showed no correlating difference between the biochar
treatments and the nutrient loaded biochar treatments which would have been expected. This suggests
that the nutrient loading process was either ineffective or, the biochar is able to retain a high level of
exchangeable ions.
By week eight the sphagnum peat control, the 5% biochar treatment, and the 10% biochar
treatment showed a steady increase in EC with 103.55 µS, 128.75 µS, and 142.65 µS again suggesting
that the biochar has a higher nutrient holding capacity than sphagnum peat (Fig. 4). However, the 5%
and 10% nutrient loaded biochar treatments had a significantly lower EC at 105.95 µS and 106.10 µS.
This would contradict the suggested higher nutrient holding capacity of biochar compared to peat
however the loss of nutrients may be a result of nutrients lost in the clipping yield (Fig. 7 & 8).
3.5.3. Germination
Germination was not significantly different in all treatments (Fig. 5). Plots were seeded on
January 12 and first germination in all plots was recorded January 20. Germination occurred after 8 days
which is outside of the expected 4-7 days germination for creeping bentgrass; however, conditions in
the greenhouse at the time were less than ideal for optimal germination. The average night time
temperature from January 16 to January 20 was -30.5° Celsius which caused constant circulation of
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warm air from the overhead heating system to keep the greenhouse warm. As a result it was difficult to
ensure adequate moisture to the seeds throughout a 24 hour period.
Viability tests of the seed showed it to be 85% viable (results not shown) meeting the minimum
requirement for creeping bentgrass viability (Beard, 2002). The plots were seeded at a rate 42 seeds per
square inch for a total of 35.7 seeds per square inch for total germination. The results of our
germination test (Fig. 5) where approximately one third lower than the expected germination.
Germination was observed occurring outside of the sampling period for germination. It is suspected
that the initial seed germination acted as a bumper crop for further germination in conjunction with
normalized air flow and temperature in the greenhouse.
3.5.4. Root Length
Root length was significantly higher in all treatments compared to the sphagnum peat control
(Fig. 6). Root length was observed to exceed the 12 inches of root zone in 50% of both nutrient loaded
biochar treatments. However, no statistical difference was seen between any of the biochar or nutrient
loaded biochar treatments. The resulting root length may be attributed to a favourable balance of pore
spaces for the growth of creeping bentgrass roots. It was observed that the biochar treatments retained
a more even distribution of water throughout the root zone compared to the control that retained most
of its water at the bottom of the root zone.
3.5.5. Clipping Yield
Clipping yield while plots were fertilized (weeks 1-4) showed significantly lower results in both
5% biochar treatments (Fig. 7). The 10% nutrient loaded biochar had the highest amount of clippings
during this period but was not significantly different from the 10% biochar treatment or the sphagnum
peat control. The amount of clipping yield in both 5% biochar treatments may have been reduced due
to a lower initial availability of nutrients. The may have been caused by a lesser amount of organic
amendment to hold the nutrients while the root system in the creeping bentgrass was still developing.
Clipping yield after the fertilization period (weeks 5-8) showed a significantly higher amount of
clipping yield in the nutrient loaded biochar treatments (Fig. 8). Both the 5% biochar and 10% biochar
treatments had higher clipping yields than the sphagnum peat control but the results were not
significantly different. The results of this test demonstrate that the process of nutrient loading biochar
has a positive effect on the growth of creeping bentgrass.
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3.5.6. Additional Observations
The infiltration rate of the biochar was observed to be significantly higher in all biochar
treatment compared to the control during irrigation events. In comparison the control was difficult to
wet in almost all occasions. Sphagnum peat has the tendency to become hydrophobic when it dries out,
however biochar did not appear to share this property. This may be a characteristic of the wheat straw
biochar having a unique physical structure that favoured higher infiltration rates.
While density of the plots was not measured, both nutrient loaded biochar treatments showed a
much higher rate of tillering by the end of the 8 week period. This may have been due to the higher
availability of nutrients that allowed it to reach a further developmental stage than the remaining plots.
3.5.7. Results †

Fig. 1. Root zone pH during week one of the

Fig. 2. Root zone pH during week eight of the

experiment. LSD = 0.1908 at p = 0.05.

experiment. LSD = 0.2094 at p = 0.05.

*** Results were highly significant.

** Results were moderately significant.

Fig. 3. Root zone electrical conductivity during

Fig. 4. Root zone electrical conductivity during

week one in micro Siemens (µS). LSD = 36.67 at

week eight in micro Siemens (µS). LSD = 16.85

p = 0.05. * Results were slightly significant.

at p = 0.05. *** Results were highly significant.

† NL refers to nutrient loaded
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Fig. 5. Overall germination after one week from

Fig. 6. Root length after eight weeks in

initial germination in seeds per square inch. LSD

centimeters (cm). LSD = 4.166 at p = 0.05.

= 16.85 at p = 0.05. Results were not significant.

* Results were slightly significant.

Fig. 7. Clipping yield during weeks one to four in

Fig. 8. Clipping yield during weeks one to four in

milligrams (mg). Plots were fertilized during this

milligrams (mg). Plots were not fertilized during

period. LSD = 20.079 at p = 0.05.

this period. LSD = 30.282 at p = 0.05.

** Results were moderately significant.

*** Results were highly significant.

3.6. Applied Research Conclusion
The eight week experiment assessing biochar as an alternative to peat in a greens rootzone mixture
when measuring creeping bentgrass (Agrostis palustris) growth has shown significant differences in root
length and clipping yield. The rootzone of the treatments demonstrated the ability to produce
significantly longer roots than the control. An increased root length of 4.7cm-7.08cm was seen between
the all the treatments and the control plot which suggests a stronger plant. Based on the plants ability
to access a greater amount of nutrients and water during the period when fertilization ceased it can be
concluded that; by nutrient loading a biochar the nutrients remain available to the plant in the soil
solution and that growth is not significantly reduced when fertilization ceases. Evidence can be seen
when comparing the clipping yield from the 10% nutrient loaded biochar treatment in weeks 1 to 4 to

BHO4000 | Applied Research Paper

12

Growth of creeping bentgrass (Agrostis palustris) in a sandbased root zone amended with a nutrient loaded biochar

March 26, 2012

weeks 5 to 8. Within the treatments, a healthier plant was not only visually evident by the shoot
growth, tillering, and the colour of the grass, the clipping yield data indicates significant differences.
During weeks 1 to 4 the yield suggests that the biochar that had not been nutrient loaded may have
been retaining applied nutrients, moderately restricting plant growth. However, in weeks 5 to 8 a
greater amount of nutrients remained within the rootzone and the yield obtained from the nutrient
loaded treatments produced highly significant differences compared to the control and other biochar
treatments. These results confirm the hypothesis that a nutrient loaded biochar will have a beneficial
effect on the growth of creeping bentgrass when used as a sand-based root zone amendment. Creeping
bentgrass undergoes several stresses on a golf course environment and further studies should be
conducted to confirm these experimental results in such an environment.

4. Industry application
Provide scientific data that supports the hypothesis: a nutrient loaded biochar can outperform peat
as a root zone amendment when measured against and compared to various plant growth
characteristics.

4.1. Platform for continued research
The data obtained in this, the first experiment measuring turfgrass growth in an amended rootzone
with a nutrient loaded biochar, contains encouraging results. The results provide a solid foundation for
the continued research of nutrient loaded biochar as an amendment to a greens rootzone. Future
research should not be limited to the scope of plant growth in reaction to the soil amendment of
biochar. The outlined process of nutrient loading the biochar is rudimentary; however, the results
demonstrated significant differences in the experimental measurements. The process for producing
nutrient loaded biochar on a mass scale remains to be undetermined as is the effectiveness of the
product once processed, dried, and stored before its application in a greens root zone mixture. It is
hypothesised that biochar could be tailored by loading it with a more acidifying fertilizer or other
acidifying agent to lower the pH. Additionally, it is also hypothesised that the loading capabilities of
biochar may not be limited to plant available nutrients.
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4.2. The Alberta Research Council
The biochar used for this project was donated by the Alberta Research Council. Current availability
of biochar is limited. In Canada biochar is not readily used in any industry as its benefits have not been
fully explored which reduces the demand for it.

4.3. Recommendations
The recommendation is that that the PTRC continue research on a larger scale continuing to include
the Alberta Research Council and future Olds College Degree students as a joint venture. The conducted
experiment should be replicated on a larger scale and moved from the greenhouse into an environment
that replicates the conditions associated with the environmental weather systems and golf course
maintenance practices.
The following are recommended greenhouse experiments that can use this nutrient loading biochar
experiment as a template while continuing to add to the body of knowledge necessary before industry
application:


Various treatments of part-per-million nutrient loading solutions to determine optimal
solution to load biochar



Compare creeping bentgrass (Agrostis palustris) growth in a nutrient loaded biochar against
a nutrient loaded peat rootzone mixture



Soil and plant tissue testing of nutrient levels to determine the effects that a nutrient load
biochar has in these areas



A comparison of the infiltration and percolation rates of a peat-sand rootzone against a
biochar-sand rootzone



Leachate testing of nutrient loaded biochar compared to the rootzone suggested as
industry standard



The same nutrient loaded biochar experiment focusing on different plants growth
characteristics such as biomass and density

4.4. Conclusion
The results of the experiment warrants further research on an increasing scale. The data collected
should not be extrapolated and implemented in any manner beyond the scope of research at this time.
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The result of the experiment has successfully identified the usefulness of biochar as a rootzone
amendment and the parameters for continued research.
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6.2. Fertilizer Analysis
Total Nitrogen (N)……………………………………20%
Available Phosphoric Acid (P2O5)..…………..20%
Soluble Potash (K2O)………….…………..……….20%
Chelated Iron (Fe) (actual)……………………0.10%
Chelated Manganese (Mn) (actual)…..…0.05%
Chelated Zinc (Zn) (actual)……………………0.05%
Chelated Copper (Cu) (actual)………………0.05%
Boron (B) (actual)………………………………...0.02%
Molybdenum (Mo) (actual)………………0.0005%
EDTA (ethylene diamine tetraacetate) (chelating agent)……………1%
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6.3. Materials List

Name
Plot Build Materials
PVC Pipe
Plastic crates
Hardware cloth
Duct tape
Growing Media
Sand
Peat Moss
Wheat straw biochar
Buckshot

Quantity

Description/Purpose

3 x 10 ft
4 units
20 sq ft
260 ft roll

6 inch inside diameter
1.5 ft by 2.5 ft, to hold plots
Wire mesh for bottom of plots
Fasten hardware cloth to plots

8190 cu in
270 cu in
540 cu in
2400 cu in

USGA specification
Sphagnum Peat
Donated by Alberta Research Council
1/4 to 3/8 inch angular gravel, donated

-

$70
$1
-

Hold nutrient solution during loading
Hold biochar during nutrient loading

-

$15
$15

Penn A-4 Creeping Bentgrass, donated
Plant Prod 20-20-20 All Purpose
Fertilizer plus Micronutrients
Housing for plots
For irrigating, graduated, 500 mL
capacity, adjustable nozzle
Storing irrigation water
For filling plots with root zone
Mixing root zone materials
Removing and capturing clippings

-

$7

-

$0
$5

-

$10
$30
$33
$5

Meauring rootzone pH and EC
Storing clipings
Drying clipings
Weighing seed, 10 mg accuracy
Weighing clipings, 0.1 mg accuarcy
Storing clipings
Drying clipings

-

$900
$115
$1,788
$746
$2,446
$6

$203

$6,435

Nutrient Loading Supplies
Plastic Pale
3 units
Pillow Case
3 units
Establishment & Maintenance
Grass Seed
1.8 g
Fertilizer
500 g
Green House Space
Spray Bottle

15 sq ft
1 unit

Watering Can
Garden Trowel
Scoop Shovel
Modified Scissors

1 unit
3 units
1 unit
1 units

Misc. Supplies & Equipment
pH & EC meter
3 units
Refridgerator
1 unit
Drying Oven
1 unit
Weight Scale
1 unit
Laboratory Balance
Plastic Bags
40 bags
Paper Envelopes
50 bags
Total Expenses

Cost
Internal External
$158
$158
$40
$40
$40
$5
$5
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6.4. Project Photos

Img. 1. Measuring out USGA

Img. 2. Mass mixing USGA

Img. 3. Seeding plots with a

specification sand

sand with amendment with a

vibratory seeder. Plots were

scoop shovel.

filled to a half inch below the
top of the PVC pipe.

Img. 4. Irrigating plots with a

Img. 5. Initial germination January 20

spray bottle
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Img. 6. Germination at end of germination
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Img. 7. Germination, February 1

testing, January 27.

Img. 8. Germination, February 3

Img. 9. Germination, February 6 immediately
prior to first clipping collection

Img. 10. Collecting clippings with a pair of

Img. 11. March 6, treatments beginning to show

scissors modified to hold clippings

a color differences at the start of week 7
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Img. 12. Left - Soil pH and EC reading being
taken with a pH and EC meter in a 2:1 solution

Img. 13. Clipping yields being measured at the

of distilled water and soil. Right - Root length

Olds College Center of Innovation

being measured with a soil probe.

Img. 14. Clippings in oven to

Img. 15. Grid system used to

dry for 96 hours at 50°

determine germination

Celsius

(image is not to scale)
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