






























































B. Long-term aerobic incubation

A primary reason for application of yard waste compost to field sites is to provide
the long-term N release needed for plant establishment and growth on low-nutrient
substrates. Measurement of N release rates in field situations is difficult because annual
release rates are low (1 to 3 %) compared to yearly, seasonal and spatial variability
(perhaps 20 %). This makes detection of small changes in N release difficult to measure
in field situations. For this reason, N release rates of various compost materials were
measured in controlled lab conditions rather than in the field, using reference soil
materials for comparison. The aerobic incubation method was selected because it
utilizes soil microbes to decompose organic matter and release N as opposed to the
extraction methods discussed previously. Because the incubation chambers are moist
and warm, they mineralize (release) N faster than in field plots. A rough estimate is that
they are about three times faster than winter season release rates from plots in sandy
substrates from the Central Valley of California near Merced (Claassen and Hogan,
1998).

Overview of long-term incubation results

The N release patterns measured by long-term aerobic incubation of various yard
waste composts differed widely even though they were all from the same general type of
source material (Figure 1). Yard waste composts 2 and 3 provided a positive N release
as soon as they were incorporated to the soil. Composts 1 and 4, however, required
additional decomposition in the soil before net N mineralization occurred. These latter
two materials were fibrous and had low dry bulk densities (data listed in Table 2). The
initial period of negative N yield (immobilization) caused compost 1 to have the lowest
cumulative N release of all compost materials and soils, while YWC 2, 3 and 4 had
similar cumulative N yields at the end of the incubation period. The co-compost
materials yielded about 4 times greater cumulative mineralized N than the yard waste
composts. They released about twice as much N as the granite topsaoil, but only about
two thirds of the cumulative N release as the nutrient rich, sedimentary topsoil, given that
the composts were loaded at 500 kg N/ha (approximately 36 Mg/ha dry weight compost,
or about 45 cu yd/ac).
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Long-term (cumulative) N release rates

The amount of N released from YWC materials, expressed as a percentage of
the total N content, ranges from 6 to 7 % (except YWC 1 which was about 1 %). This is
equivalent to about 35 kgN/ha, similar to the estimated N release rate of the granite
subsoil. The DG matrix (as an example of a barren, unvegetated road cut) had an
estimated N release (within the first several months) of 10 to 15 kg N/ha and almost
none thereafter. The granite topsoil also released about 6 % of its total N, similar to the
YWCs. This topsoil contains a much larger total N pool (1,140 kgN/ha to 15 cm,
estimated 50 % coarse fragments), and the cumulative N release from incubation is also
estimated to be larger, amounting to 73 kg N/ha. The sedimentary topsoil released
about 12 % of its total N content (estimated at 2086 kg N/ha to 15 cm depth, estimated
50 % coarse fragments), and the cumulative incubation yield is calculated to be 224 kg
N/ha. The very high release rate of the sedimentary topsoil may be a result of a
combination of high microbial biomass populations and a clay-and organic matter-rich
soil structure. The co-compost materials released about 27 % of their total N content,
which (assuming a 500 kg total N loading rate) is equivalent to 135 kg N/ha.

These data suggest that a YWC amendment containing about 1000 kg total N
(approximately 72 Mg/ha dry weight compost, or about 90 cu yd/ac, or approximately 1.7
cm (5/8 to 3/4 inch) thickness before incorporation) would provide cumulative N release
amounts similar to the granite topsaoil but still less than that of the sedimentary topsoil.

While the total cumulative amounts are
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Figure 1. Long-term aerobic incubation of soil and compost. Soil columns contain 100 %
volumes from topsoils or subsoils (Tahoe or coast range) or decomposed granite matrix
(Emerald Bay). The co-composted materials (CCM) or yard materials composts (YMC)
contain enough organic material to equal a 500 kg total N/ha amendment. Note that
these incubation columns are maintained at 30 °C which is approximately 3 times the
biological activity measured in the San Joaquin valley (Merced area) during the winter
growing season and mineralization curves for the Tahoe Basin will be considerably
slower.
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similar to the cumulative N release of the reference topsoils, the rates long-term, steady
state release may be a better gauge of appropriate N release levels, as discussed in the
next section.

Evaluation of the slope of the curves in Figure 1 shows that, although YWC 2, 3,
and 4 have similar cumulative amounts of N release by the end of the incubation period,
they have much different rates of N release per month during the latter (steady state)
part of the incubation (Table 5). Long-term rates of N release were calculated as an
average of the last five measurement intervals from 284 through 586 days. By this
measure, YWC 4 provides N at long-term rates exceeding the other three yard waste
composts as well as the granitic topsoil and one of the co-composts. Even though YWC
2, 3, and 4 provide the same cumulative N release, the rate of N release from compost 4
is over twice that of composts 2 and 3. These data suggest that amendment with YWC
1, 2, or 3 containing between 1.3 to 2 times the 500 kg total N/ha (650 to 1000 kg N/ha)
would provide N release similar to the granite topsoil. Application with YWC 4 would

match the long-term rate of N release with only a 400 kg total N/ha amendment.

Table 5. Rate of long-term (steady state) mineralizable N release from incubation
columns (30°C), averaged for the last 302 days of incubation (day 284 to 586).
Composts are loaded at 500 kg N/ha equivalent rate. Rates from soils are calculated on
an area basis. The left data column lists micrograms of N mineralized per day of
incubation per column. Means followed by different letters differ significantly (p < 0.05).
The right hand data column lists the calculated amount of N yield per hectare per 30 day
month during the final, steady state period of N release.

daily rate steady state rate
Incubation material ugN/day kg N/ha month
Colusa subgrade 0.867 a 0.1
Decomposed granite control 2.363 a 0.4
Luther Pass subsoil 7035 b 1.1
Yard Waste Compost 1 7611 b 1.2
Yard Waste Compost 2 9.078 b,c 1.4
Yard Waste Compost 3 12.224 ¢ 1.9
Luther Pass topsoil 16.366 d 25
Co-compost A 17.125 d 26
Yard Waste Compost 4 21.402 e 3.2
Co-compost B 24995 e 3.8
Colusa topsoil 66.801 f 10.2
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Whether these differences are attributed to feedstock, producer management, or season
is not known at this time. Co-composts would provide long-term N release equivalent to
the granite topsoil when applied at rates of 480 and 330 kg total N/ha. More effective
prediction of behavior of composts is needed to fine tune use for revegetation
performance. In the mean time, yard waste compost can be used effectively in a wide
range of low-nutrient field situations, but plant cover and growth may vary with time and

with compost source.

Short term (initial) N release rates.

Although the long-term N release rates tended to converge on similar values, the
short-term N release rates of various yard waste composts showed two distinct patterns.
This initial period is critical to plant establishment on field sites and the compost
performance will be strongly influence planting success. During the initial 31 day period,
composts 1 and 4 have negative release rates, resulting from immobilization of N into
microbial biomass. This trend is interpreted as reflecting the process of decomposition
of the fibrous materials contained in these particular composts. The immobilization
phase appeared to withdraw between 1 and 6 kg N/ha from the soil during the first 31
days of incubation. A maximum withdrawal of 4 to 10 kg N/ha was estimated at about
150 days incubation.

An alternative plan for use of uncomposted, high-fiber or poorly cured composts
that immobilize N is to amend the site, but to not plant for several additional months or
until the next season. Seedlings would then not be exposed to the phytotoxicity that is
sometimes produced during rapid decomposition, and the energy of decomposition
would improve soil aggregate generation by increasing microbial activity. After the
compost fully cures (several months to a season), the soil would be receptive for
planting or natural colonization.

In contrast to the more fibrous or poorly cured materials, yard waste composts 2
and 3 show positive N mineralization rates immediately upon addition to the soil. These
materials released a cumulative total equivalent to 25 and 16 kg N/ha during the first 31
days. The reference topsoils released N amounts equivalent to 18 and 27 kg N/ha
during this period, although sieving and aggregate disruption may have increased N
release values above ambient soil levels. Co-composts A and B had much greater
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release rates of 76 and 102 kg N/ha during this initial period even though they were also
loaded at the same 500 kg total N/ha rate as the yard waste composts. Caution should
be exercised in application of biosolids-containing composts to field sites. Initial plant
growth will be strongly influenced by this range in short-term available N, which varies
from immobilization (removal of N from the ambient soils) with some of the yard waste
composts, to abundant short-term available N released from the co-composted
materials.

In general terms, the moderately to well cured YWC materials appear to work as
surrogate topsoil amendments at least from the perspective of N availability. Most
importantly, they appear to provide the combination of low N release rates (matching
plant uptake rates) with large N contents typical of soil organic matter (to provide long-
term release patterns). These characteristics are typically missing from drastically
disturbed soils and cannot be provided with chemical fertilizer materials, even including
current “slow-release” formulations. Given the variability measured for compost
materials throughout the state, however, testing of individual compost materials is

strongly recommended.

Summary of main points from long-term incubation experiments

1. YWCs and CCMs are appropriate amendments to replace slow release sources of N

that were lost through topsoil removal. YWC provides the closest N release patterns to

the granite topsoil. Co-composted materials have a greater long-term N release rate
that may be appropriate for more rapid plant growth, but may also promote weedy
invasion. Nitrogen release rates are equivalent to approximately 35 kg N/ha for YWC 2,
3, and 4 and approximately 135 kgN/ha for the co-composted biosolids, using a field
loading rate of 500 kg total N/ha (approximately 36 Mg/ha, or about 45 cu yd/ac, or
about 0.84 cm (3/8 inch) thickness before incorporation). Approximately double this rate

provides cumulative N release rates similar to the granite topsoil.

2. YWC materials have variable initial N release amounts. YWC may either release N or

immobilize (withdraw) N from the soil, depending on compost characteristics. Two yard
waste composts had initial, one-month release rates of approximately 16 to 25 kg/ha,
while two others immobilized 4 to 10 kg N/ha from the soil by incorporation into the

microbial biomass. Extended curing after thermophilic composting reduces the chances
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for immobilization. Co-composted materials release much greater initial, one-month N
amounts than yard waste composts, ranging from 76 kg N/ha for a windrow processed
material, to 102 kg N/ha for an intensive, automated process product. Because the
incubation columns function faster than field soils, these initial release patterns are
estimated to be equivalent to much of the first growing season of field application. Better
compost evaluation methods are needed to predict compost behavior in field situations.

If mulches or organic materials are poorly composted, the rapid decomposition in
the field can harm young seedlings. Thermophilic composting effectively eliminates this
potential. The user should confirm that the producer achieved temperatures greater
than 55 °C (131 °F) within the pile for 3 days during composting if the process is
enclosed, or for 15 days if the process is a windrow (with least five turnings during the 55
°C phase), or for 3 days if the process is an aerated static pile. More information on
compost is available at: http://esce.ucr.edu/ WASTEMAN/CMJEAN~1.HTM

Advantages of application of uncomposted materials are that the energy of
decomposition, including microbial activity and hyphal growth, are valuable processes in
soil regeneration. This effect is likely to be expressed through improved water infiltration
rates. Care must be taken to avoid pathogen transport, however. Uncomposted mulch
materials should not be transported within or out of coastal counties infested with pine

pitch canker. Specific information is available at:

http://www.frap.cdf.ca.gov/pitch canker/index.htm .

3. The long-term N release rates of all composted materials (YWC and CCM) become

more similar to the release rates of soil materials after curing in the field for one or two
field seasons. Following the initial release period, all composts were observed to
complete curing and to begin to slowly release N appropriately for plant growth.
Compost loading rates of between 500 and 1000 kg total N/ha would be expected to
provide N release rates between that of the high elevation granitic subsoil and the high
elevation granitic topsoil, but would still be lower than the fertile sedimentary reference

topsoil.

4. Because of the low N contents and low rates of N release, YWCs incorporated into

soils are not expected to leach N to local watersheds during rain or snowmeilt events.

Because most of the total N content is organically bound and is not soluble, little of the
total N loaded onto the field sites is leachable. Therefore, large amounts of N in
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composts can be loaded onto the site, replacing natural soil organic matter. This is an
entirely different approach than amending with high rates of chemical fertilizers, which
have much faster release rates, even for "slow release" chemical formulations. The
greater reléase rates of CCM may allow some N leaching, especially if the soils are
biologically inactive (sterile or cold) and if there is little other organic matter to

decompose, such as mulches or plant litter.

5. Individual composts vary from the group average both between different producers

and within an individual producer. Composts are best sampled by taking many samples

around the prospective pile and mixing them well. A homogeneous composite (several

subsamples mixed together) should be prepared and submitted for analysis.

While composts are shown to be able to replace the N release function of native

soil organic matter, the best method for revegetation is still to is to harvest,

stockpile and reapply the native topsoil that was on the site before disturbance.
The quality of the organic matter is better, the harvested soil has better aggregate
structure, the soil contains microbial inocula and site adapted plant seeds, and the costs
are often less than regeneration of soil fertility from component parts. Extra steps may
be needed to eliminate weeds, such as spraying, tillage or incorporation of topsoil
beneath the surface. Harvest, stockpiling and reapplication of topsoil is usually the

preferred choice for revegetation of disturbed sites.
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Chapter 3. Field demonstration sites of compost use.

A. Brockway Summit, California State Highway 267, Placer County,

California

In the fall of 1998 a compost demonstration was constructed directly south of
Brockway Summit on State Highway 267 in Placer County, at the north end of the Lake
Tahoe Basin. This project involved a long series of southwest-facing road cuts totaling
3.6 ha (9 ac), with 2:1 (horizontal:vertical) slope angles. The parent materials are
volcanic mudflows that were cut to 5 to 8 m below the previous soil surface.

The existing erosion control specification for the site was modified to create three
additional treatments designed to contrast the performance of various slope
amendments. Each of four treatments (specified, zero control, compost, and compost
plus specified) was repeated on three separate slopes (Table 6). The slope
amendments were stable through the winter of 1998-1999 with only small areas of
slippage. Plant growth was monitored in 2001 and 2002. Plant cover for these two
years averaged 21 %. By 2002, no evidence of the previous plot locations was noted.
Observation of these plots over several years suggested that even though N
amendments were adequate for plant growth, the shallow rooting depths on the site
limited plant growth probably as a function of very poor water availability. Based on this
experience, subsequent field projects were planned using a comprehensive soil
resource evaluation system that was developed to include a variety of soil characteristic

measurement tests (including moisture and soil biology) in addition to nitrogen fertility.

B. Bullion Bend, U.S. Highway 50, El Dorado County, California

Bullion Bend (ELD 50, mile 32.2) is the location of a large spoil pile where mixed
granitic and metasedimentary rocks from the Mill Creek landslide removal were
stockpiled. The area is compacted due to the fine nature of the granitic materials from
the landslide. Compost was applied to the entire area at a rate of 100 cubic meters/ha
(1 cm (3/8 inch) depth). Next, fiber (300 kg/ha), grass seed (16 kg/ha), legume seed (6
kg/ha), and fertilizer (125 kg/ha 16-20-0) were applied, followed by straw for erosion
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Table 6. Treatments applied to the Brockway Summit Compost Demonstration Project in

Placer County, State Highway 267.

Treatment Code

Application Number

Description

SPECIFIED

Application 1

600 kg/ha compost (Hydropost),
800 kg/ha organic soil
amendment (Biosol), 150 kg/ha
fiber, and seed materials

Application 2

Pine needles to a depth of 2.5
cm

Application 3

600 kg/ha compost (Hydropost),
400 kg/ha organic soil
amendment (Biosol), 150 kg/ha
fiber, and 140 kg/ha tackifier

ZERO CONTROL (omit
Hydropost and Biosol)

Application 1

150 kg/ha fiber, and seed
materials

Application 2

Pine needles to a depth of 2.5
cm

Application 3

150 kg/ha fiber and 140 kg/ha
tackifier

COMPOST (replace Hydropost
and Biosol with equivalent N
amount from YWC)

Application 1

150 kg/ha fiber and seed
materials

Application 2

Pine needles to a depth of 2.5
cm

Application 3

150 kg/ha fiber and 140 kg/ha
tackifier

Application 4

10 cu yd (approximately 9000 kg
YWC/ha)

COMPOST + SPECIFIED
(amend with both YWC and
specified Hydropost, Biosol)

Application 1

600 kg/ha compost (Hydropost),
800 kg/ha organic soil
amendment (Biosol), 150 kg/ha
fiber, and seed materials

Application 2

Pine needles to a depth of 2.5
cm

Application 3

600 kg/ha compost (Hydropost),
400 kg/ha organic soil
amendment (Biosol), 150 kg/ha
fiber, and 140 kg/ha tackifier

Application 4

10 cu yd (approximately 9000 kg
YWC/ha)
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control. A tackifier treatment (250 kg/ha solids) followed. Although the vegetation
community was slow to establish, a mixture of planted species and weeds gradually
developed. Although the whole site was uniformly seeded, the area in which compost
had been stockpiled prior to application developed especially dense stands of planted
species, with fewer weeds and more perennial grasses. In this area, approximately 5 to
8 cm of compost were left on the soil surface after application. Plant composition and
ground cover on this area were contrasted with adjacent areas \;vith thinner cover and
invasive stands of yellow star thistle (Table 7). Much denser stands of Elymus glaucus
were established on the area receiving the heavy compost overlay. Plant litter cover
was actually visibly higher on the heavy compost areas, but the greater plant cover
intercepted more of the transect hits, making the numerical result similar between the
two areas. Nitrogen fixing plants (lotus and clover species) provided greater cover on
the area with the lower compost rate, suggesting nitrogen limitations to plant growth.
Further soil evaluation work is planned to identify the nutrient conditions associated this
area of heavy compost application and favorable plant response on an otherwise

uniformly seeded area.

Table 7. Percent cover at the Bullion Bend revegetation site by plant type, litter or bare
ground. Results of six randomized 10-m transects measuring cover type at 20 cm
intervals, recording the top-most layer. Bottom row contains p values for evaluating
significant differences between the two rows in each column (normal compost
application versus heavy compost overlay).

plant type and % cover
Elymus
glaucus Centaurea  Trifolium
bare (Stanisiaus Lotus solstitialis hirtum Festuca
soil treatment | ground plant litter 5000 Blue purshianus  (Yellow (Rose sp.
(n=6) wildrye)  (Deer weed) starthistle)  Clover) (Mokelumne)
normal compost
rate 17.47 10.92 9.50 25.71 17.13 9.42 9.85
heavy compost :
overlay 0.30 10.62 76.71 9.37 0.00 2.39 0.61
p value 0.0004 0.8743 0.0000 0.0002 0.0004 0.0384 0.0010
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Chapter 4. Texas Transportation Institute erosion control field

trial

A field facility with full-scale slopes and simulated rainfall testing methodology
was available for standardized testing of erosion control materials at the Texas
Department of Transportation/Texas A & M University's Texas Transportation Institute.
Previous tests had confirmed the ability of 76 to 101 mm thick surface applications of
biosolids/chipped wood compost to provide effective erosion control (Storey et al., 1995).
Based on these tests, the facility was again contracted to test a fine hydroseed applied
compost in combination with straw or tackifier amendments (Landphair and McFalls,
2000b; and Appendix E of this document). Slopes were described as having sandy clay
texture. Slope angles were either 2:1 (run:rise) with 15.2 m (50 foot) slope length or 3:1
slope angles with 21.3 m (70 foot) siope length.

Screened compost (7 mm; 1/4 inch minus) was hydroseeded in all treatments
except the largest one, in which it was applied by hand and smoothed by raking.
Appropriate treatments were tackified using psyllium-based materials at a rate of 112
kg/ha (100 Ib/acre). Various combinations of compost, rice straw or cellulose fiber was
used to develop contrasts for erosion control effectiveness. Rainfall intensities fit 1, 2,
and 5, year design storms, providing rates equivalent to the most intense 10 minute
period of precipitation. The 1 year storm received rainfall at the rate of 30.2 mm/hr, the 2
year storm at 145.5 mm/hr and the 5 year storm at 183.6 mm/hr. Sediment was
collected in troughs at the bottom of the slope. Additional details are provided in
Appendix E at the end of this document.

Treatments were designed to provide contrasts between different potential
amendment combinations. For example, 4000 kg/ha screened compost was applied
with and without 4000 kg/ha straw and at a 2000 kg/h compost rate plus 4000 kg/ha
straw. Compost and cellulose fiber were applied at the 4000+1000 kg/ha rate and also
at the 8000+2000 kg/ha rate. A 25,000 kg/ha compost rate was hand applied, which
amounts to a' coverage of 2.5 millimeters (0.1 inch) in thickness. All treatments received
the same tackifier treatment.

The inclusion of straw or cellulose fiber improved erosion control on the 2:1
slopes at all but the lowest compost/fiber application rate. Sediment yields declined from
354 kg/ha to 177 - 213 kg/ha with higher compost, straw/fiber, tackifier combinations.
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On the 3:1 slopes, the lowest sediment loss occurred with 4000 kg/ha compost and 4000
kg/ha straw plus tackifier (25.8 kg/ha rate).

The 8000 compost/2000 fiber, the 4000 compost/4000 straw and the 2000
compost/4000 straw treatments on the 2:1 sandy clay slopes qualified for TXDOT use on
the basis of sediment control, but failed on vegetation establishment criteria. The same
treatments plus the 4000 compost/1000 fiber also qualified for sediment control on the
3:1 sandy clay slopes, but also were rejected on the basis of vegetation establishment.
The reason for poor stand establishment was not evaluated. In general, though, the
results were less satisfactory than measured in previous studies utilizing 76 to 101 mm
applications of whole compost, which produced a 38.8 kg/ha sediment loss. The
increased sediment loss rate was attributed to the small particle size of the compost
material.

Another variable is the geometry of the straw material used in the application.
Another Caltrans sponsored study (Landphair and McFalls, 2000; URS Greiner
Woodward Clyde, 2000) contrasted crimped or tacked straw compared to other
materials. The erosion control effectiveness of the blanket materials was not duplicated
in some applications of loose rice straw partly because the fibers in the blanket were
processed and were more pliable, while the baled rice straw had thicker stem materials
in it that bridged small gullies rather than conforming to the small scale contours of the

site. With less straw-to-ground contact, surface erosion increased.
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Chapter 5. Conclusions, Recommendations and Implementation

Conclusions and Recommendations

Examples from published literature have shown widespread use of composts to
control erosion and improve soil conditions. Negative impacts are few. Large rates of
YWC compost application have been shown to have low leaching rates, making them
suitable for regenerating topsoil fertility and biological activity. Use of compost in erosion
control applications increases soil organic content and increases microbial activity and
populations, in contrast to chemical fertilizers, which do not. A thick compost layer can
also improve access onto soft soils and can reduce tracking of mud onto local streets
and into storm drains.

This study confirmed the nutrient benefits of compost application. Long-term
improvements resulting from compost application can be expected, but short term
results may be variable depending on compost characteristics. Considerable variability
exists between producers and with different batches from a given producer. Evaluation
of each product is needed before application to field sites. Better methods are needed

for rapid evaluation of bioavailable nutrients in composts for use in field situations.

Conclusion # 1.

Long-term nitrogen release rates from most yard waste compost materials

approached the N release rates of moderately fertile soils. Composts were shown to be

able to regenerate the N availability characteristics of low-nutrient substrates that have
been stripped of topsoil organic matter. Well cured composts and co-composts
(biosolids blends) approached the N release rates of highly fertile soils. Compost
application provides longer N release duration compared to chemical fertilizer and also

provides organic materials for improved infiltration and microbial activity.

Recommendation # 1.

Because compost products and the soils that are to be revegetated vary in
fertility and water availability, analysis of potential compost sources and soils at the site
is strongly recommended before amendment. Even after adequate N fertility

amendment, some sites may still support insufficient plant cover if water or other nutrient
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deficiencies restrict plant growth. Improved soil and compost tests can guide selection
of appropriate amendments to harsh and variable site conditions.

Plant available N on drastically disturbed sites (on which the majority of the
topsoil and organic matter has been removed) can typically be regenerated with a 500 to
1000 kg N/ha application of typical, common yard waste compost. This N application
rate is roughly equivalent to 36 to 72 Mg/ha dry weight of compost (32,143 to 64,286
Ib/ac), or a volume of 85 to 170 m*ha (45 to 90 cu yd/ac), or a thickness of 0.84 to 1.7
cm (3/8” to 3/4”). This rate can be reduced for sites that are not as nutrient poor as
drastically disturbed sites.

Conclusion # 2.

Several categories of composts require special consideration for best utilization

in field situations to avoid negative impacts on field sites. Poorly composted or poorly

cured materials will not be biologically stabilized and can have atypical effects.
Information on checking compost processing is available at:
http://esce.ucr.edu/WASTEMAN/CMJEAN~1.HTM and at hitp://www.tmecc.org/tmecc/ .

Cautions regarding use of uncomposted materials, especially in coastal regions are

found at http://www.frap.cdf.ca.gov/pitch canker/index.htm .

Recommendation # 2.

A. Fibrous or poorly cured yard waste composts can have an initial period of N
immobilization when high carbon materials are being decomposed. This period may last
from several months to several years. Additional available N may need to be added to
support plant growth N during this period.

B. Fibrous or poorly cured yard waste composts may benefit soils in other ways
than just N availability. Composts are rich sources of other nutrients as well as organic
materials that improve water infiltration into the soil and water retention within the soil.
The continued decomposition of compost by soil microbes further helps build soil
aggregates, which improve drainage and water retention. If weed seeds and pathogen
propagules have been killed, uncured materials can be used as surface muiches, or
incorporated if N immobilization is not a problem. Do not transport infested,
uncomposted materials to uninfested areas.

C. Co-composted materials (biosolids blends) have much larger N release rates

than yard waste composts. Co-composts should be used at about one half to one
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quarter of the amount of yard waste compost or at sites with rapid plant growth to absorb
the higher N release rates. Because of the slow rate of N release, most yard waste
composts are expected to have small or non-existent potential to leach N to
watercourses, even when using large amendment loadings.

D. Sites with residual fertility (topsoils not completely removed, or some soil
material has been re-applied to the site) may not need compost amendment. Additional
N may accelerate weed growth. Surface applied wood chip mulches may provide
erosion control, microbial activity and mulch effects (temperature and evaporation
protection) without the additional fertility of a compost material.

E. Non-composted materials may produce phytotoxic compounds during
decomposition. Any unprocessed plant material amendments other than wood chips
should be stabilized using US EPA regulation (40 CFR, Part 503c) thermophillic

composting, which sterilizes against weed seed and pathogen propagules.

Conclusion # 3.

Compost may be applied by hydroseeder. This technique replaces the low-

nutrient cellulose or wood fiber amendment with a higher nutrient material. Compost

screened to 3/8 inch worked well in hydroseeders and did not plug the pump or nozzles.

Recommendation # 3.

Erosion control was excellent with whole compost surface amendments.
Hydroseeded compost should be applied with straw in order to provide structural
strength. A typical application sequence would be

A. Apply seed, 2000 kg compost/ha, 400-500 kg fiber/ha. (A 20-25 % fiber

mixture is needed to create a pumpable slurry.

B. Apply 4 Mg/ha wheat or barley straw (3.5 Mg/ha rice straw) evenly.

C. Apply 3000 kg/ha straw, 600 kg/ha fiber, slow release fertilizer (if needed),

and 200 — 300 kg tackifier.

Higher application rates of compost may be more economically amended by dry
application methods.
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Conclusion # 4.

Compost materials are variable from producer to producer. Variability in source

material, processing method and curing time have significant effects on field
performance. Current short-term compost evaluation methods do not correlate to long-
term incubation N yields. Prediction of compost N release in the field using rapid lab
evaluation methods is not currently possible. Total N levels in YWC are consistent,

however.

Recommendation # 4. Additional work needs to be done to improve and speed up
evaluation of compost materials and prediction of N release behavior in field conditions.
Until better site by site analysis is available, an interim recommendation is to apply in the
range of 72 Mg/ha (dry weight) compost to extremely low-nutrient sites and in the range
of 36 Mg/ha compost to low- or moderate- nutrient sites, or sites with shallow soils.
Incorporate into the top 15 cm if possible. The compost material should be moderately
to well cured, meaning 3 to 6 months curing after the thermophillic compost process is
complete. If poorly cured yard waste compost is used, supplemental N may be needed
to support plant growth. Recognizing the variability of compost N release behavior, the
site should be monitored to detect if plant growth is too slow so that supplemental N can
be applied if needed.

Implementation

Results of this study have been incorporated into Caltrans erosion control
practices. Nearly all current projects use compost amendments.

Results have been presented to national professional meetingé (Soil Science
Society of America, High Altitude Working Group, International Erosion Control
Association), and to workshops presented for the Society of Ecological Restoration. An
interim report was posted on the California Integrated Waste Management Board
website at:

http://lwww.ciwmb.ca.gov/Organics/Pubs.htm, Compost Demonstration Project,

Placer County: Use of Compost and Co-Compost as a Primary Erosion Control
Material, select publication # 443 99 018.

38



The results of this study will be used to continue to refine Caltrans erosion control
specifications and compost evaluation.

This report will be disseminated through normal state and federal distribution
channels. It will also be distributed to all district Landscape Architecture and
Environmental offices. Copies of the report will be made available for purchase from
Caltrans Publications Unit. Press releases will be sent to trade and professional journals
to advertise the availability of this report.
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Appendix A: Tables 8-13

‘Laboratory Analysis of Compost Materials From Statewide Compost

Survey

Table 8. Macronutrient concentrations of compost materials, by producer. See Appendix C

for key to abbreviations and acronymns.

Producer | ¢ rce | %N % P % K % Ca % Mg % Na %S
code #

1 lywe 1.35 0.32 1.27 1.84 0.48 0.16] __17.10
2 lywc 1.47 0.20 0.91 2.07 0.53 0.16] 220
4 ywc 1.08 0.18 0.61 1,96 0.66 0.14 610
5 |ywc 0.92 0.26 0.46 2.16 0.77 0.09| 1270
6 |ywc 1.32 0.32 1.20 2.49 0.57 027 36.40
7 lywc 1.20 0.27 1.02 1.68 0.44 0.24 1120
10 |ywc 0.96 0.20 0.68 1.62 0.39 0.7 58.80
12__|ywe 1.06 0.28 0.99 1.86 0.51 0.10] 2310
14___YWC 1.34 0.24 0.67 2.64 0.63 0.06] _ 11.90
15__|ywe 1.32 0.30 1.01 1.55 0.45 0.26] _ 16.80
16 |Ywe 1,00 0.19 0.74 1.38 0.68 0.15| __ 9.60
17 Iywe 1.32 0.26 0.80 1.68 0.59 010 420
22 |ywc 1.71 0.27 0.45 2.19 0.54 0.04] 220
24 |ywc 1.42 0.27 0.92 3.08 1.07 0.11]___ 74.40
111__|ccm 1.50 1.06 0.53 2.90 0.63 0.17] _ 131.20
119 |ccM 2.73 1.28 0.26 1.77 0.38 0.11] __ 53.90
120 _|ccM 1.92 2.10 0.35 2.55 0.50 0.13| _ 88.10
121__|ccM 1.56 1.60 0.54 3.01 0.42 0.20 11250
208 |AGC 168 1.72 2.98 4.36 117 0.53]  123.10
209 |AGC 1.50 1.26 1.76 2.26 0.60 0.39] _ 169.40
213__|AGC 0.73 0.47 1.69 2.26 0.93 0.27]__ 83.10
303 Other 0.89 0.14 0.62 1.53 0.37 0.16 14.30
323 |Other 230 0.41 2.87 0.91 0.40 0.04| _ 16.90
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Table 9. Micronutrient concentrations and other chemical characteristics of compost

materials, by producer. See Appendix C for key to abbreviations and acronymns.

. _Halfsat%
P::c:(i’:c: r Source ppm Cu ppmZn ppm Mn ppm Fe ppmB TEC Qual lime

1 GMC 128 226 249 11970 42 45 371 7.7]low 16.0
2 GMC 48 145 199 8057 48 116 513 7.9llow 5.1
4 GMC 56 135 459 20510 68 48 433 7.3low 6.4
5 GMC 54 130 430 19620 67 50 481 7.2}low. 76
6 GMC 119 287 277 14180 84 52 456 7.8/med 13.6
7 GMC 40 111 221 7853 45 91 456 7.4|none 6.3
10 GMC 106 238 340 36850 69 61 356 7.3|low 12.9
12 GMC 59 168 249 12440 64 38 398 7.7|med 13.8
14 GMC 85 191 383 12600 75 56 573 8.0{med 6.3
15 GMC 46 207 252 11040 49 62 572 8.0{low 14.0
16 GMC 41 127 248 12410 41 69 521 7.9/low 7.7
17 GMC 114 185 501 14350 46 62 487 7.6llow 55
22 GMC 71 181 629 9817 61 95 691 7.8{low 26
24 GMC 88 223 377 16540 59 52 490 7.5/med 13.8
111 CCM 290 490 288 30030 70 42 976 7.4|med 21.5
119 CCM 202 337 404 11770 37 112 673 6.7 |low 9.3
120 cCM 256 795 180 11420 28 26 388 6.1|x 21.2
121 [of e ] 298 525 263 21920 57 84 729 7.7 /low 15.2
208 AGC 154 379 636 17420 116 38 243 8.2lh 37.5
209 __IAGC 285 327 553 7895 42 46 448 8.9/low 31.2
213 |AGC 55 132 344 13930 59 32 524 8.9|med 26.9
303 Other 51 116 185 10010 40 61 355 7.3llow 5.4
323 Other 33 38 120 4582 60 71 748 7.6ilow 9.0

Table 10. Available nutrient concentrations, by producer. See Appendix C for key to

abbreviations and acronymns.

NaCl extract Bicarbonate DTPA extract
extract
Producer
code # Source |ppm NO;-N{ppm NH-N| ppmK ppm Ca ppmMg | ppmPOsP | ppmCu | ppmZn | ppmMn | ppmFe
1 YWC 485 11 8434 3133 925 231 58 50.0 50.0 226.0
2 YWC 36 12 8444 3798 2174 358 6.0 62.0 94.0 198.0
4 YWC 40 197 5191 4005 1254 128 4.2 24.0 88.0 106.0
5 YWC 962 14 4541 5802 1787 209 7.8 48.0 50.0 204.0
6 YWC 25 248 8571 3168 860 218 16.2 98.0 64.0 364.0
7 YWC 27 10 7529 3294 1540 281 1.8 42.0 110.0 62.0
10 YWC 163 79 5784 3791 1147 86 12.4 94.0 32.0 754.0
12 YWC 476 360 7283 3478 698 278 3.4 54.0 36.0 140.0
14 YWC 84 616 6057 6057 1550 269 6.6 46.0 76.0 140.0
15 YWC 165 13 8369 4990 1582 524 54 58.0 56.0 172.0
16 YWC 25 94 6501 4323 1966 390 3.6 34.0 56.0 70.0
17 YWC 24 81 7012 3728 1784 336 54 62.0 170.0 156.0
22 YWC 263 19 3963 9263 2097 307 4.0 50.0 74.0 202.0
24 YWC 18 240 6852 5271 1845 268 7.6 64.0 122.0 490.0
111 CCM 793 3298 3750 10767 1344 200 43.2 176.0 46.0 664.0
119 CCM 1335 3904 2141 5376 1690 762 29.0 104.0 118.0 280.0
120 CcCCM 1187 1972 1781 2271 1414 1688 40.4 98.0 10.0 56.0
121 CCM 488 3305 3922 7380 1258 268 31.6 148.0 38.0 444.0
208 AGC 20 7 5902 2446 1206 650 17.0 152.0 54.0 564.0
208 AGC 26 682 12682 1453 1384 2236 102.0 152.0 136.0 158.0
213 AGC 532 371 13619 1412 663 682 42 34.0 48.0 128.0
303 Other 21 229 4983 2781 1191 105 1.2 32.0 68.0 74.0
323 Other 21 1180 22064 1317 1641 1089 1.6 18.0 86.0 148.0
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abbreviations and acronymns.

Table 11. Available nutrient concentrations, by producer. See Appendix C for key to

Producer Source Satext | Satext %| Satext | Dil acid "/J
[code # ppm B ECe Na | meq/L Cl Fe
1 YWC 1.8 19.4] 70.4 0.1
2 YWC 0.7 8.0 21.8 0.2
4 YWC 1.0 12.7 39.4 0.2
5 YWC 2.8 2.6 7.0 0.2
6 YWC 5.1 41.5 66.2 0.2
7 YWC 0.5 17.7 33.8 0.
10 YWC 2.3 50.4 62.0 1.0
12 YWC 5.6 21.0 59 0.2
14 YWC 2.4 3.2 22.0 0.2
15 YWC 0.8 42.0 85.9 0.2
16 YWC 0.4 17.7 49.3 0.1
17 YWC 1.0 6.3 254 0
22 YWC 1.0 0.9 2.3 0.1
24 YWC 2.2 18.8 62.7 0.3
111 |[CCM 4.1 38.7 56.3 1.2
119 |[CCM 1.2 9.1, 9.2 0.5
120__ |CCM 1.5 32.0 12.7 0.4
121 __|CCM 2.3 22 33.1 1.5
208 |AGC 7.6 81.7 197 0.7
209 |AGC 7.8 102. 107.Q 0.1
213 |AGC 5.4 67.0 98.6 0.2
303 _Qther 0.6 - 11.3 24.6 0.
323 Other 09 1.2 6.3 0
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Table 12. Physical and chemical characteristics of compost materials, by producer. See
Appendix C for key to abbreviations and acronymns.

aterial
Producer Source wt retfined Wt retajned Bulk dens, Moisture % frvav;'iz\' Dry matter, fc:;i‘ai:':' f':::;:‘l, 0rg.anic° C:N ratio
code # 1 112 Ib/cu yd ibjcu yd Ib/cu yd tbfcu yd | Iblcu yd fraction, %

1 Ywc 0 0 1506 336 506 1000 292 708 29.2 12.0
2 YWC 0 2.6 806 50.5 407 399 286 113 71.8 27.1
4 YWC 0 0.9 1094 24 1 264 830 283 547 347 17.5
5 YWC 0 3.4 1653 445 736 917 243 674 26.5 16.0
6 YWC 0 0.4 1166 35.6 415 751 277 474 36.9 15.5
7 YWC 0 45 797 40.5 323 474 285 190 60.0 27.8
10 YWC 0 1.5 1088 38.8 422 666 278 388 41.8 24.2
12 YWC 0 1.5 1370 26.4 362 1010 263 745 26.1 13.7
14 YWC 0 0.8 1241 33.3 413 828 343 485 41.4 17.2
15 YWC 0 0.5 1459 47.9 699 760 271 490 35.6 16.0
16 YWC 0 1.1 935 357 334 601 283 319 47.0 26.1
17 YWC 0 25 1017 324 330 687 283 404 41.2 17.3
22 YWC 0 1.2 1110 56.6 628 482 299 183 62.0 20.1
24 YWC 0 0.4 1119 317 355 764 288 476 37.7 14.7
111 CCM 0 0.3 1501 29.6 444 1060 311 746 29.4 10.9
119 __ICCM 0 2.2 1036 56.1 581 455 338 117 74.3 15.1
120 ICCM 0 35 1671 22.5 376 1300 363 932 28.0 8.1
121 CCM Q 2 973 43.9 427 546 242 303 44.4 15.8
208 |AGC 0 1] 1438 20.7 298 1140 409 731 35.9 11.8
209 IAGC 0 0 1090 24.3 265 825 136 689 16.5 6.1
213 |AGC 0 0.7 1608 20.7 333 1280 214 1060 16.8 12.8
303 [Other 1] 0.7 891 13.7 122 769 303 466 39.4 24.6
323 _ [Other 0 1 1043 438 457 586 491 95 83.8 20.2

Table 13. Physical characteristics of compost materials, by producer.

Producer Source % passing| % passind % passing % passing % passing % passing
| _code # 9.51mm | 6.35mm | 238 mm | 1.00 mm | 0.50 mm |
1 YWC 98.9 97.1 94.9 83.4 61.7 41.7
2 YWC 92.7 84.7 78.1 64.2 431 24.1
4 YWC 100 96.9 92.3 76.2 53.8 36.
5 YWC 98.6 93 88.8 69.9 34.3 11.2
6 YWC 100 100 96.6 84.3 54.9 33.
7 YWC 98.6 93.7 86.7 72.7 52.4 3
10 YWC 96.9 86.6 81.9 65.4, 42.5 26.8
12 [YWC 100 96.1 91.5 82.4 64.1 45.8
14 |YWC 96.6 93.9 91.6 76.5 53.1 34.6
15 |[YWC 96 77.9 70.2 50.4 25, 8.4
16 |YWC 97.3 86.3 82 71.6 54.6 404
17 |[YWC 98 87. 81.8 65.5 44 .6 29.7
22 YWC 93.6 90.9 88.2 72.7 46.4 19.1
24 |[YWC 100 100! 97.5 80.8 55.8 37.5
111 |CCM 100 98.9 96.3 82.5 57.1 39,
119 |CCM 92 81.8 72.7; 46.6 21.6 8
120 |CCM 100 97 89.3 62.4 32.9 17.1
121 |CCM 93.1 81.8 73.6) 55.3 26.4 11.9
208 |AGC 100 98.9 98.9 947 66.8 44
209 AGC 100 100 98.6 93.8 66 37.5
213 |AGC 100 97.1 95.6] 85.3 64.7 44.6
303 __ |Other 994 98.1 94.3 82.3 62.7 47.5
323 iQther 100 99 98 4 49 34.7 23
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Appendix B: Draft Specifications

Interim Caltrans Specification for Compost and Mulch

Compost shall be derived from green material consisting of chipped, shredded, or ground
vegetation; clean, processed, recycled wood products; Class A, exceptional-quality biosolids
composts, as required by U.S. EPA regulations (40 CFR, Part 503c); or a combination of green
material and biosolids compost. The compost shall be processed or completed to reduce weed
seeds, pathogens and deleterious material, and shall not contain paint, petroleum products,
herbicides, fungicides, or other chemical residues that would be harmful to plant or animal life.
Other deleterious material, plastic, glass, metal, or rocks shall not exceed 0.1 percent by weight or
volume. (this strict limit works well for hydroseeded compost but may need to be relaxed for dry

applied materials.)

A minimum internal temperature of 57°C shall be maintained for at least 15 continuous days
during the composting process. The compost shall be thoroughly tumed a minimum of five times
during the composting process and shall go through a minimum 90-day curing period after the
15-day thermophilic composting process has been completed. Compost shall be screened through
a maximum 6-mm screen if used for hydroseeding and a 3 inch screen if used as a soil

amendment or as a surface mulch.

The moisture content of the compost used in hydroseed applications shall not exceed 35 percent.
Compost products with a higher moisture content may be used, provided the weight of the
compost is increased to equal the weight of the compost with a moisture content of 35 percent.
Compost will be tested for maturity and stability with a Solvita test kit. The compost when

screened to less than 1/2 inch shall measure a minimum of “6” on the maturity and stability scale.

Note: The screen size and the maturity/stability measurement may change, depending on the

intended use of the compost.
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Use of organics as mulch materials (surface application)

Effective use of compost as a primary erosion control material depends on
several physical and chemical characteristics. Use as a mulch material requires
sufficient coarse, persistent woody material so that physical effects persist for several
seasons in field applications. To achieve these objectives, the amendment material
should have a low proportion of fine particles so that plant growth within the mulch layer
is restricted. A range of larger particle sizes helps the material interlock on the surface

and resist removal by wind or water.

Mulch specification:

20-2.08 Mulch

Unless otherwise specified in the special provisions or shown on the plans, mulch shall
consist of wood chips, tree bark, or shredded bark, or any combination thereof at the Contractor’s
option.

Mulch materials produced from pine trees grown in Alameda , Monterey, Santa Clara,
Santa Cruz, San Luis Obispo or San Mateo Counties shall not be used.

Wood chips shall be manufactured from clean wood. The particle size of the chips shall
be between 12 mm (1/2 in.) and 80 mm (3 in.) in length, and not less than 9 mm (3/8 in.) in width
and 2 mm in thickness.

At least 85 percent, by volume, of wood chips shall confirm to the sizes specified.

Wood chips produced from tree trimmings which contain leaves or small twigs will not
be accepted.

Tree bark shall have a particle size between 12 mm and 40 mm and shall be free of salt
and foreign materials such as clods, coarse objects, sticks, rocks, weeds or weed seeds.

Shredded bark shall be a mixture of shredded bark and wood; shall have a particle size
between 3 mm and 40 mm in thickness and 25 mm to 210 mm in length; and shall be free of salt
and deleterious materials such as clods, coarse objects and rocks. At least 75 percent, by volume,
of shredded bark shall conform to the sizes specified.

A Certificate of Compliance for mulch shall be furnished to the Engineer in conformance

with the provisions in Section 6-1.07. “Certificates of Compliance.”
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If the priority for field amendment is to achieve a long lasting mulch for surface protection, then
the materials can be more coarse and woody. Shredded bark is also good because it is very slow
to decompose. Materials containing a high percentage of fine particles should be avoided
because weed seeds can germinate within the fines of the mulch layer. If the amendment is
intended to also function as a soil building amendment, then materials with dirt or tree trimmings
with leaves and small twigs incorporated into it can be used, since these will increase the rate of
decomposition. These materials should be thermophilically composted before use to kill weed

seeds and pathogens.
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{ XE "20-352_A07-26-00"" }
Page 1 of 2

(Para 2 was revised; Instructions for use of SSP and instructions for all
paragraphs were revised.)

Use when applicable. Add to SSP 20-350.

If more than one type of mulch is required for the project, call out the types
such as MULCH TYPE I and MULCH TYPE Il Assign a temporary 6-digit
number with alpha character for the contract item codes.

Paras 1 thru 6, use when green material is to be used and delete Paras 7 thru
11.
Mulch (Green Material)

Mulch shall be woody material. Woody materials shall consist of chipped, shredded or

ground green materials such as shrubs, tree trimmings or clean processed wood products.
2

Deleterious materials such as rocks, glass, plastics, metals, clods, weeds, weed sceds, coarse
objects, sticks larger than the specified particle size, salts, paint, petroleum products, pesticides
or other chemical residues that would be harmful to plant or animal Jife shall not exceed
0.1-percent of the mulch volume. Chipping shall include shredding, grinding or other methods
used to reduce mulch materials to the specified size.

3. Use when processed materials are required. Processing green material is
done to reduce pathogens and weed seed within the mulch, not to change the
particle size of the mulch. Delete Para 4 when Para 3 is used.

Green materials shall be processed and have rcached an internal temperature of 56°C for a
minimum of 15 consecutive days. During the processing period, the green material shall bave
been turned a minimum of 5 times.

4. Use when additional processing of green materials is required. The
additional 90-day curing process required for green material shown below is
not readily avajlable statewide. Use this Para with caution. A number of
suppliers do not process the material to this extent or charge so much for the
green material treated in this manner that there is no cost savings. Check
with suppliers before using this Para. Delete Para 3 when Para 4 is used.

Green material shall be processed and bave reached an intemal temperature of 56"C for a
minimum of 15 consecutive days. During the processing period, the green material shall have
been turned a minimum of 5 times and shall have been cured for 90 days thereafter.

Paras 5 and 6, use only one of the Paras to specify the size of green material
and delete the other Para.
5

Green material shall have a particle size conforming to the provisions for wood chips in

Section 20-2.08, "Mulch," of the Standard Specifications.

6
Green material shall have a particle size conforming to the provisions for shredded bark in
Section 20-2.08, "Mulch,” of the Standard Specifications.
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Appendix C: Acronyms and Abbreviations

aC .everneennn acre

AGC.......... agricultural byproducts compost (manure, feathermeal, bedding)
bicarb ........ bicarbonate extract (Olsen test)

Ca.cceerrnnnee. calcium

CCM.......... co-composted materials (biosolids/green materials compost)
CFR.......... Code of Federal Regulations

CM e centimeters ’

Cu..coeeees copper

CU coveeereie cubic

CV.rerene coefficient of variation [(s/X)* 100]

dit acid....... dilute acid extract

dS..coeeee deciSiemens

DTPA......... diethylenetriamine pentaacetic acid

ECe........... electrical conductivity measured on a saturated extract

extract ....... the procedure of estimating the nutrient content of materials by mixing it with
.................. a specific solution and removing the solution for analysis

ha........... hectare
half sat %..the half saturation percentage is the percentage of water equal to half of the
.................. saturated capacity of the compost

1 I inch

Ko potassium

KCH . potassium chloride

| {+ TR kilogram

e liter

Moo meter

meq........... millequivalent

111 I magnesium

127 JOOT milligram

mm............ millimeter

[ nitrogen

Na........ sodium

NaCl.......... sodium chloride
NH4-N........ ammonium nitrogen
NOs-N........ nitrate nitrogen

O s oxygen

P phosphorus
pPH..cocrieene. negative log of hydrogen ion activity
PO4P........ phosphate phosphorus
ppm........... parts per million
S sulfur

S ereeeerrerees standard deviation
satext........ saturation extract

510 PR sulfate

TEC........... total exchangeable cations (measured on saturation extract)
), ST mean

YWC.......... yard waste compost
vd s yard

ZN e zinc
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Appendix D. Literature review of characterization methods for

mulch or compost

Use of organic amendments as soil amendments

When composts are used as soil amendments rather than as surface mulches,
the fine fractions become relatively more important than the coarse particles. This
results because the surface areas of the fine fractions are very large and their adsorbed
nutrient contents are more bioavailable or their compounds are more decomposable.
Characteristics that improve the revegetation process include moderate, but sustained
nutrient release, sustained microbial activity, increased CEC, and a lack of phytotoxicity.
These effects are related to the source of the compost feedstock as well as the
biomaturity of the compost material. Since this study focused on yardwaste composts,
the main factor that influences the performance of the material when used as a soil
amendment is variation in biomaturity of the material rather than feedstock. Because
"maturity" has multiple contributing characteristics, however, the evaluation of the
maturity is difficult to do, as described in the following paragraphs.

The process of composting involves the “biological conversion of organic wastes,
under controlled conditions, into a hygienic, humus-rich, relatively biostable product that
improves land and fertilizes plants.” (Mather, 1991). As the compost is matured or
cured, the decomposable fractions are degraded away and the residues that remain are
not energy-rich enough to cause reheating or odor problems. Because it is a process,
not an endpoint, it is difficult to judge when the compost is adequately finished.

Biostabilization is important because, alternatively, the material may merely be
chemically stabilized by drying, liming or heating. In this case, the compost material still
contains large proportions of very degradable material and under subsequent field
conditions (neutralization of the lime, rewetting) it may again become very biologically
active. Therefore, biostabilization, or biomaturity, is essential for safe amendment of
soils using large volumes of composts. Several methods have been attempted to predict
the biomaturity of “finished” compost materials. These methods and their limitations or
shortcomings are also discussed below.

The ratio of total C to total N content (C:N ratios) has often been used to describe
compost maturity as a relationship of the energy source that drives decomposition

(carbon) to the nutrient content (nitrogen) that is either insufficient (slows decomposition)
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or excessive (creates odor or leachate problems). Generally, C:N ratios in the low teens
are held to be indicative of stable organic matter, partly because soil humus C:N ratios
are commonly between 10 and 12 (Stevenson, 1994). As composts mature, the C:N
ratio decreases as C materials are respired off and N is accumulated in residues. Using
C:N ratios is problematic, though, because organic feedstock materials have different
initial fractions of C and N, so the target C:N ratios may need to be adjusted for
individual materials. Also, the C or N may be contained in biochemicals that differ in
their resistance to decomposition. Lignin-rich materials may have high total C contents,
but because much of the C is not available for decomposition, they may become
"biomature” or "biostabilized" at C:N ratios of 20 or more, compared to 10 for more
degradable materials. It is also possible that enzyme systems of soil microorganisms
may be more efficient than those in compost pile microbial communities. A compost that
is "finished"” and is generally resistant to further decomposition in a pile (will not reheat)
can be further decomposed by soil microbes in field situations. This suggests that a
cured compost product from a producer whose biological activity has declined may
undergo significant additional decomposition in a soil system. Mathur et al, pg 75 (1993)
points out that "biostable” does not mean recalcitrant or non-biodegradable.

To evaluate the bioavailability of compost substrates, water extracts have been
used and the ratio of C to N is suggested as a "bioavailable C:N ratio”". In this process,
water soluble materials are extracted, including amino acids, straight chain acids,
peptides and sugars. Easily degradable molecules decline rapidly during the
composting process while N-containing residues accumulate. C:N ratios of water
extracts may be between 5 and 6 in mature composts. However, the same C:N ratio
can also be obtained in mixtures that are not at all biomature, such as combinations of
high carbon materials (sawdusts) with small amounts of biosolids, for example.
Conversely, readily biodegradable organics that are in large particles may have to be
commutated (shredded) usually by soil fauna before they have adequate surface area to
be evaluated by this method. Particle size and susceptibility to biodegradation are
conditions that need to be included in an estimate of compost decomposability or
maturity based on solution extracts. An additional caveat is that not all water extractable
compounds are biodegradable.

The ratio of ammonium to nitrate in the compost materials has also been used to
judge compost maturity. Immature composts can initially accumulate large amounts of

ammonium through decomposition of proteins and amino sugars. As the compost
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matures, ammonium decreases and nitrate increases by the process of nitrification.
Heavily leached piles may have depleted nitrate levels, while compost piles that are
biochemically immature may not produce elevated ammonium levels because they are
too dry, to salty, have inappropriate pH levels or other limitations to microbial growth.

Chromatographic techniques (blotting chemicals on filter paper) have been used
to evaluate the extent to which smaller molecular weight humic substances formed
during composting become polymerized into macromolecules, indicating compost
maturation or curing. While the process is well documented to occur, the extent of
polymerization varies with the amount and species of soluble metal cations, and with the
residual clay content contained in the mineral fraction of the particular organic material
(Schnitzer and Khan, 1972; Stevensen, 1982). Humic substance production also varies
greatly with the quality of the carbon materials being composted. Lignin-rich materials
tend to generate more humus than lignin-poor materials, so uniform target levels of
humic-type macromolecules would vary with feedstock and metal or clay content as well
as state of humic molecule formation. The process of tracking composts after they have
been mixed with soils in field sites is further complicated by the addition of metals or
clays from soil minerals.

One producer uses this method empirically. Compost is retained in the facility
until the rubbed material stains the hand darkly with humic compounds and clays. The
coarse particles are also observed to be entirely degraded into fine humic-rich materials

Various spectroscopic methods have been suggested to indicate the extent of
humification of composts and therefore the degree of maturity. Evaluation of the ratio of
large humic molecules to small humic molecules is interpreted by the absorbance of light
at 465 nm wavelength versus the absorbance at 665 nm, the so-called E./Eg ratio.
Relative rates of polymerization are also detectable by the amount of carbon in fulvic
acids (FA) versus humic acids (HA). These methods, along with NMR, yield additional
information about compost humic fractions, but trends are variable enough that they are
not useful as indicators of compost maturity for the wide variety of compost materials. In
addition, the methods require technical equipment not available for routine evaluation.

More direct methods for evaluating the state of decomposition include analysis of
the substrate itself, the activity of the microbes, or the rate of oxygen consumption by the
active microbial biomass. Decomposable carbon molecules such as polysaccharides
(building blocks of sugar, starch and cellulose) can be extractable by water or hot

sulfuric acid. Early stages of composting are accompanied by reductions in sugars and
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some fractions of cellulose, but at different rates depending on the size and purity of the
organic particles.

Dinel et al., (1996a) showed that extractable lipids become more chemically
homogenous and less biologically degradable during composting. The behavior of a
range of different compost materials was tested using this extractable lipid indicator by
(Dinel et al., 1996b). Concentration of soluble organic compounds decreased in all
compost types as successively older compost materials were sampled. To evaluate the
composts, various composts were extracted first with diethyl ether (DEE) for 20 hours
and then with chloroform for an additional 20 hours using a Soxhlet apparatus (glass
distillation column). The extracts were dried in rotary evaporators, dried and then
weighed. The DEE solvent extracted lipids that are mainly low-molecular weight
straight-chain and branched alkanes, alkenes and alkanoic acids (oils and organic acids)
plus smaller amounts of phenolic and alkylaromatic compounds. The chloroform
solvents extracted higher molecular weight paraffinic compounds, with fewer phenolic
and aromatic compounds. Although the paraffinic extracts remained fairly constant with
successively older materials (about 3 to 5 g/kg), the straight chain and organic acid
extracts declined greatly after about 33 days of composting for all materials, often to less
than a third of their peak values. As the easily degradable fractions decreased, the
proportion of the paraffinic (waxy) fraction increased, and began to shield remaining
substrate from microbial or enzymatic degradation. Composts judged as mature by a
suite of tests (at 59 days) had paraffinic lipid contents that were 25 % of the total lipid
content or greater.

An alternative method to measure the organic fractions but excluding the
polysaccharides. This has been operationally defined as the organic material left after
two acid digests. Differences in extraction efficiencies, along with the production of
additional polysaccharides by microbes during the compost process made these
indicators insensitive to the state of compost maturity, because of particle size
constraints and shielding of decomposable substrates by resistant layers.

Microbial activity can be evaluated by CO, evolution, which declines as composts
mature. The respiration rate per unit of organic material would seem to be a good
indicator of maturity, but the process is complicated by non-biodegradable carbon
containing compounds such as wood ash, plastic contaminants, or by respiration-limiting
conditions such as lack of moisture, salts or extreme temperatures. Because CO,

evolution integrates the surface area of particles, the ability of microbes to decompose
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the organic substrates and the environmental conditions in the pile or field site, it has
been commonly used as a fundamental method of indicating compost maturity.

Another chemical indicator of compost decomposition involves the material left
after respiration has occurred, namely the oxidized state of the remaining residue. As
microbial decomposition progresses, the oxidation state of the carbon residues
increases, leading to an increase in cation exchange capacity (CEC) of the compost.
Municipal composts started with a CEC of 40 meq/100 g initially and rose to 70 at 5
weeks composting and stabilized at 80 meq/100 g when mature. ‘However, other studies
showed mature composts had CEC values between 25 and 83 meq/100 g total dry
weight. Using only an organic matter content as a basis, the various composts ranged
between 32 and 63 meq/100g. Differences in organic matter quality were cited as one
difference, along with different complexation reactions by metals that were not displaced
with the CEC evaluation method.

Direct phytotoxicity tests or biochemical evaluation of short chain organic acid
contents can indicate immature composts. Seeds of cress are used to test for
germination within solutions extracted from compost materials. Care should be given to
eliminate herbicides and salts as causes for reduced germination.

A critical test for suitability of compost application to degraded soils is whether
the compost material will provide a slow, steady supply of N for regeneration of the
plant/microbial community. While this process is strongly related to the previously
discussed maturity indexes, it may be possible to be evaluated independently by a
variety of soil N availability tests. An potential reason for better performance of N
release in soils compared to characterization of maturity in composts is that a much
longer time scale can be used. Since plant communities continue to sequester N in
biomass for multiple seasons, the organic amendment has a long time to cure, and
approach the typical 1 to 3 % annual N release as a proportion to the total N content.

Despite the many tests proposed for compost maturity, few were suggested to
evaluate the potential for nutrient release in field situations. We used standard soil
amendment tests for comparative purposes and established soil incubation tests for
plant available N soil to evaluate the potential for N release from various compost

materials.
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DISCLAIMER

AUTHOR'S DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the facts and
the accuracy of the data presented herein. The contents do not necessarily reflect the official
views or policies of the sponsors, University of California, Davis and California Department of
Transportation. This report does not constitute a standard, specxﬁcatnon, or regulation, nor is it
intended for construction, bidding, or permit purposes.

PATENT DISCLAIMER

There was no invention or discovery conceived or first actually reduced to practice in the course
of or under this contract, including any art, method, process, machine, manufacture, design or
composition of matter, or any new useful improvement thereof, or any variety of plant, which is
or may be patentable under the patent laws of the United States of America or any foreign
country.

NOTICE

The United States government and the state of Texas do not endorse products or manufacturers.
Trade or manufacturers’ names appear herein solely because they are considered essential to the
object of this report. ’
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ABSTRACT

Erosion control capabilities and the soil building benefits of yard waste compost were tested at
the Texas Transportation Institute (TTI) Hydraulics and Erosion Control Laboratory, in College
Station, Texas. The California Department of Transportation (CalTrans), the University of
California, Davis (UC Davis), and the Texas Transportation Institute (TTI) cooperated in the
testing efforts.

Several application rates of yard waste compost and yard waste compost mixed with cellulose
fiber mulch or straw for the purpose of erosion control and vegetation establishment were tested.
All applications used a psyllium based organic tackifier as a binder. Two performance criteria

were examined: 1) sediment reduction and 2) vegetative cover produced in a 9-month growing
period.

The yard waste compost mixed with straw or cellulose fiber mulch performed better with
respect to sediment reduction, with straw showing a slightly better performance. The vegetation
establishment data was less conclusive. It appears that the heavier applications of yard compost
did have better vegetation establishment properties even though sediment losses were somewhat
higher than might have been expected.

Additional analysis of the tested vegetation litter, soil and compost materials will be performed
by the University of California, Davis. These findings may further clanfy performance of yard
compost with respect to vegetation estabhshment
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INTRODUCTION

In a cooperative effort, the California Department of Transportation (CalTrans), the University
of California, Davis (UC Davis), and the Texas Transportation Institute (TTI) performed a set of
standard erosion control performance tests on yard waste compost at the TTI Hydraulics and
Erosion Control Laboratory, in College Station, Texas. The test procedures, developed by the
Texas Department of Transportation (TxDOT) and TTI, evaluate a material’s ability to reduce
the loss of sediment and assist in the establishment of permanent vegetative cover. Furthermore,
these tests determine which products warrant inclusion on the TxDOT Approved Product List.

METHODS

Plot preparation, seeding, rainfall simulation, and vegetation measurements were made in
accordance with the TTI Procedures and Evaluation Criteria for Erosion-Control Blankets,
Flexible Channel Lining Materials, and Hydraulically-Applied Mulch Products. A copy of this
document is provided in Appendix A.

Eleven plots were used for this study. All plots were sandy clay. A soil analysis is provided in
Appendix B, page 13 of this report. Two groups of plots were used based on slopes of 1:2 and
1:3. The 1:2 plots dimensions were 20’ wide x 50’ long. The 1:3 plot dimensions were 20’
wide x 70" long. To increase the number of repetitions, all plots were subdivided into two equal
widths creating 10’ test plots. This allowed more sampling of vegetation. However, the rainfall
simulators could not be modified to fit a 10’ plot width so sediment data had to be reported for
20’ plots only. s

The compost was applied hydraulically using a hydroseeder, except where noted “Dry Applied”,
which was delivered by wheelbarrows and raked into place.

MATERIALS

Mature yard waste compost was acquired from a local source. The Plant Analysis Report is
provided in Appendix C, page 15 of this report. The compost was screened to a maximum size
of % inch (7mm). The tackifier used was a psyllium based organic material. Tackifier was
applied at the rate of 100 pounds per acre (112.26 kg/hectare). Straw was rice straw acquired
locally. Supplemental mulch was a cellulose fiber product.
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APPLICATION RATES
The materials were applied at rates specified by UC Davis and CalTrans as follows:

2:1 Sand Plots

4000 kg/ha compost + tack

4000 kg/ha compost + 1000 kg/a cellulose fiber + tack
2000 kg/ha compost + 4000 kg/ha straw + tack

4000 kg/ha compost + 4000 kg/ha straw + tack

8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack
25000 kg/ha compost + tack "Dry applied*

3:1 Sand Plots

4000 kg/ha compost

4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack
4000 kg/ha compost + 4000 kg/ha straw + tack

8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack
25000 kg/ha compost + tack "Dry applied” .

SOIL PREPARATION

Each of the test plots were cleared of vegetation, repaired, and brought back to uniform grade
before installation. Each plot was fumigated with a soil sterilant as recommended by TxDOT.
Immediately before installation, each plot was fine graded by hand-raking the surface.

SEEDING

Each plot was seeded according to the TxDOT Standard Specification, Item 164, Seeding for
Erosion Control. This specification is broken down by TxDOT district. The laboratory is
located in the Bryan District and therefore dictates use of the seed mix for warm-season
perennial vegetation for rural roads with sandy soils.

All seeding is done hydraulically. For these tests, seed and mulch were applied in a two-step
process, seeding first, followed by the compost application. The seed mixture included the
following species.

e Bermudagrass 1.7 kg/ha
e Green Sprangletop 1.2 kg/ha
e Bahiagrass (Pensacola) 7.5 kg/ha
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TEST PROCEDURES

Starting approximately two weeks after installation, each application was subjected to a series of
six simulated rainfall events of increasing intensities. Each evaluation cycle consisted of two
repetitions. Rainfall intensities were based on a ten minute storm for the most extreme
conditions in Texas with a Type I rainfall distribution.

e 1-year Design Storm — 30.2 mm/hr (1.2 inches per hour)
o 2- year Design Storm — 145.5 mm/hr (5.7 inches per hour)
e 5-year Design Storm — 183.6 mm/hr (7.2 inches per hour)

The sediment generated by the six simulated rainfall events was collected, sampled, dried, and
weighed. This sediment loss data was averaged for all events and reported in kilograms per 10
square meters.

The vegetative density was determined using the Vegetation Coverage Analysis Program
(VeCAP), a computer program developed by TTI. VeCAP uses digital photography and
computer masking technology to determine the amount of vegetation cover produced at the end
of the evaluation cycle. This vegetation density was reported as the final percentage surface
cover.

DATA

Tables 1 and 2 indicate the sediment loss and the percent vegetation cover for each of the
application rates. Sediment loss is ranked from lowest to highest and vegetation is grouped from
the most to the least cover. Plot designations beginning with SA have a 2:1 slope and those
designated S have a 3:1 slope.
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“SA15

200 kg?ha corﬁp‘oét +w45001 kg/‘h'a' straw + tack _

55.77%

17.68

SA16 [4000 kg/ha compost + 4000 kg/ha straw + tack 55.34% 20.96
SA17 {8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 43.93% 21.31
SA1B  |25000 kg/ha compost + tack "Dry applied” 43.92% 29.61
SA14  |4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 28.58% 29.72
SA13 14000 kg/ha compost + tack 22.53% 35.47

513 38.18% 2.58
812 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 45.26% 7.82
S14  |8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 33.14% 10.21
S11 4000 kg/ha compost 30.02% 18.83
815 25000 kg/ha compost + tack “Dry applied” 54.06% 18.03

Results seem to suggest that erosion control potential is increased when compost is mixed with
straw or cellulose fiber mulch. The combination of tack and compost alone does not seem to be
sufficient to provide good erosion protection at these low application rates. Previous compost
research studies that showed excellent erosion control protection were based on compost depths

of 100mm.

Overall, the straw with tack seems to have provided the best performance. Field observation of

straw and tack indicated these materials seem to bond better than more fibrous materials.

The fact that the highest application rate of compost performed poorly was somewhat sarprising
in light of previous results. However, the compost used in this experiment was screened to a
particle size of % inch or less per CalTrans practice for application with a hydraulic seeder.
This screening resulted in a decreased particle size distribution and the smaller particles were
probably more easily suspended and transported off the surface. This could also account for
some of the higher sediment rates observed.
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Table 2. Results Ranked by Vegetation Cover, 10° Wide Plots

SA16-A

52

o e
4000 kg/ha compost + 4000 kg/ha straw + tack

E

2096 64.74%
SA15-A  |2000 kg/ha compost + 4000 kg/ha straw + tack 17.68 63.96%
SA17-A {8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 21.31 51.28%
SA18-A {25000 kg/ha compost + tack “Dry applied” 29.61 51.28%
SA15-B 12000 kg/ha compost + 4000 kg/ha straw + tack 17.68 47.58%
SA16-B {4000 kg/ha compost + 4000 kg/ha straw + tack 20.96 45.95%
SA17-B {8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 21.31 36.58%
SA18-B {25000 kg/ha compost + tack “Dry applied” 29.61 36.57%
SA14-B 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 29.72 31.74%
SA14-A 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 29.72 25.42%
SA13-A {4000 kg/ha compost + tack 35.47 22.83%
SA13-B  |4000 kg/ha compost + tack 35.47 22.23%

o b,,
4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack

S12-B 7.82 55.69%
S15-A 25000 kg/ha compost + tack "Dry applied” 18.03 55.68%
515-B 25000 kg/ha compost + tack "Dry applied” 18.03 52.44%
S13-A 4000 kg/ha compost + 4000 kg/ha straw + tack 2.58 38.65%
513-B 4000 kg/ha compost + 4000 kg/ha straw + tack 2.58 37.70%
S12-A 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 7.82 34.82%
S14-A 8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 10.21 34.01%
S14-B 8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 10.21 32.26%
511-B 4000 kg/ha compost 18.83 30.32%
S11-A 4000 kg/ha compost 18.83 29.72%

The vegetation cover results are scattered and somewhat inconclusive. However, the numbers

do suggest that the compost, particularly at the higher rates of application, does contribute to
better vegetation establishment. The soil tests may help to clarify these performance data.
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Table 3 shows the amount of plant material and plant litter collected in a one square meter area
from each 10’ wide test plot at the end of the growing season.

Table 3. ¥egetation/Flant Litter per 10 wide plots

SA13-A_ compost + tack ~1263.97

S12-A 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 1086.34
SA15-B  |2000 kg/ha compost + 4000 kg/ha straw + tack ) 906.01

SA18-A  |25000 kg/ha compost + tack "Dry applied" 891.06
S11-B 4000 kg/ha compost 800.30
SA15-A_|2000 kg/ha compost + 4000 kg/ha straw + tack 766.78
SA14-A 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 766.79
SA16-B ]4000 kg/ha compost + 4000 kg/ha straw + tack 751.13
SA13-B {4000 kg/ha-compost + tack ) o T4

SA16-A }4000 kg/ha compost + 4000 kg/ha straw + tack 645.05
SA18-B  |25000 kg/ha compost + tack "Dry applied® 642.13
S11-A 4000 kg/ha compost 606.12
S12-B 4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 600.10|
SA17-A |8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 558.57
S15-8 25000 kg/ha compost + tack "Dry applied” 466.43
SA14-B {4000 kg/ha compost + 1000 kg/ha cellulose fiber + tack 428.14
S156-A 25000 kg/ha compost + tack "Dry applied” 370.45
SA17-B 18000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 336.47
S13-A 4000 kg/ha compost + 4000 kg/ha straw + tack 301.86
S14-A 8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 227.78
S14-B 8000 kg/ha compost + 2000 kg/ha cellulose fiber + tack 223.23
S13-B 4000 kg/ha compost + 4000 kg/ha straw + tack - 203.40]

The plant litter numbers are less conclusive than the vegetative cover data. Particularly since
several of the plots showing the greatest litter were plots with 2:1 slopes. The only
environmental variable that could have possibly contributed to this scenario is that the 2:1 plots
have a westerly orientation while the 3:1 plots have an easterly orientation.
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The TxDOT performance standards for erosion control materials on sand are:

Site Maximum Sediment Loss Minimum Vegetation Density
Conditions (kg/10 square meters) (% cover)
2:1 Sand 26.84 70%
3:1 Sand 12.20 70%

The plots had a final average vegetative cover of 41.68% for the 2:1 test plots and 40.13% for
the 3:1 test plots. These percentages of cover do not meet the TxDOT minimum performance
standards for products to be placed on the Approved Product List (APL). The University of
California Davis will perform additional analysis of vegetation litter, soil and the compost
materials used in the test. These findings may further clarify performance of yard compost with
respect to vegetation establishment.

Three of the 2:1 and three of the 3:1 test plots met the TxDOT Standards for Sediment Loss.
However, to achieve inclusion on the APL, the product must meet both Sediment Loss and
Vegetation Density requirements.

CONCLUSION

Although none of the application rates met TxDOT standards in order to warrant a place on the
TxDOT Approved Product List, there is indication that erosion control potential increases when
compost is mixed with straw or cellulose fiber mulch. This material appears to offer the best
sediment reduction when compared with yard waste compost not containing straw or cellulose
fiber muich. Furthermore, heavier applications of yard compost appear to assist in better
vegetation establishment, but sediment losses were higher than expected for these applications.

Increasingly, rolled erosion control materials (blankets and mats) are being specified to mitigate
surface erosion and assist in establishing permanent vegetation. These materials represent a
substantial project cost when compared to other natural materials such as yard compost or straw.

Recent research by TTI and reported field trials suggests that yard waste compost and
composted sludge are effective erosion control materials in terms of cost and performance.
While compost may assist with establishing and maintaining a permanent vegetation cover, it
might also improve soil properties. This would be a significant added benefit not offered by
most rolled erosion control products. However, research literature provides little that would
allow quantification of the actual soil improvement benefit.
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