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Goal:

Evaluate effect of compost amendment and tillage without irrigation on plant growth at
85 x 17 in San Jose, California, as influenced by the ability of these treatments to
increase water availability in the substrate.

Justification:

Many construction sites near highways or buildings are left after construction with
subsoil materials exposed at the earth’s surface. These substrates are often too harsh
to grow plants and too compacted to infiltrate rainfall. Rainfall runs off the surface
creating non-point source erosion that is common to disturbed sites, which then fills
storm drains and pollutes watersheds. A potential solution to this common problem in
urban areas is to use the compost produced from urban lawns and horticultural
plantings. Addition of coarse woody materials increases infiltration at the time of
incorporation, and decomposition of the compost helps improve infiltration for at least
several seasons afterward. This alternative use also provides social benefits by
reducing waste stream volumes going to landfills. Application of these composted
materials to compacted soils on disturbed sites can improve plant growth, increase
erosion resistance, and provide a beneficial end use for yard and tree trimming sources
of compost.

Project Objectives:

1) Identify a barren slope that has revegetation challenges, that has good access and no
traffic safety issues.

2) Evaluate soil water holding capacity of existing substrates and design treatments to
improve soil moisture availability

3) Plant a grid of native shrub and native grass plants on plots

4) Monitor plant growth by treatment and interpret results for soil treatment
recommendations.

Background:

Our assumptions for plant growth in the gravel and cobble substrates of the 85 x 17
interchange are that water availability and soil nitrogen are the main limiting conditions.
Nitrogen will be amended to sufficiency levels by application of a slow-release fertilizer.
Nitrogen release from the compost material will be measured during the experimental



period and a specification will be provided by spring 2006 for application rates and
supplements needed, if any. The proposed treatments address water availability for
plant growth as modified by tillage, compost or clay amendment.

Location:

Intersection of Hwy 85 x 17, City of San Jose, Santa Clara County, California
E quadrant of interchange, 50 m ESE of pumphouse structure.

May 2005

May 2005

Figures 1a and 1b. The selected slope to be treated is in the center right of the top photo
and is shown obliquely in the center of the lower photo.




Table 1. Compost Nutrient Report:

Total nutrients | Total nutrients | Available nutrients
N 1.39 % 6 ppm NO3, 16 ppm NH,
C:N ratio 21.8

P 0.26 % 250 ppm PO,

K 0.72 % 6489 ppm

Ca 2.67% 4141 ppm

Mg 0.67 % 2383 ppm

Na 0.26 %

S 0.21 % 4.3 meq/|

Cu 63 ppm 7.0 ppm

Zn 206 ppm 73 ppm

Mn 320 ppm 114 ppm

Fe 10500 ppm 187 ppm

B 46 ppm 1.06 ppm

Table 2. Nutrient content of yard waste compost material. Analysis byCompost
Evaluation A91, Soil and Plant Laboratory, Inc., Santa Clara, CA.

Plant Types

coyote bush (Baccharis pilularis) and purple needlegrass (Nassella pulchra)

Plant Water Needs

A target value for 100 day summer water requirement of coyote bush (based on
preliminary water use experiments) is approximately 2.3 L for a plant 30 cm tall. The
100 day water requirement of Nassella (when green during the summer season) is
approximately 7 L.

Soil Water Availability Estimates

The plant available water (PAW) in the fine earth fraction of the soil at San Jose 85x17 is
9.5 %. When a given volume of this soil is amended with 25 % (v/v) compost, the PAW
becomes 12.5 %. The coarse fraction (rock content) in the soil is about 70 %. In order
to provide adequate water for plants, plant spacing is adjusted so that the available
water in each treatment provides for the water use needs of the coyote bush in the two
most intensive compost treatments. Based on these data, a plant spacing of 35 cm on
center will provide the necessary water required by coyote bush. The Nassella’'s water
use was not met, but given the nature of drought resistant perennial grasses, we expect
reduced summer growth and quicker senescence, rather than death, for these grasses.



Table 2. Amounts of available water estimated in amended and unamended plots on
stream cobble at San Jose 85X17 given a 35 cm spacing between plants (accounting
only for tilled compost).

Treatment Available water Treatment Available water
(L) (L)

1.notillnocomp | 1.2 5. till 50, comp 25 1.7

2. no till, +mulch 1.2 6. till 50, comp 50 2.3

3.till50, nocomp | 1.2 7. till 100, comp 25 3.5

4. till 50, +mulch 1.2 8. till 100 + clay, comp 25 3.5 + clay

These preliminary data suggest that treatments appear to bracket the amount of water
that a small shrub would need to survive a three to four month summer drought. The
grasses use much more water when green, but would go dormant at some time during
the summer season.

Field Treatment Rationale

Treatments 1 and 2 test mulch effect on untilled plots. Treatments 3 - 6 test a uniform
tillage to 50 cm with various amounts of compost added. In some cases an equal volume
is added as a mulch (treatment 4). Plant growth of these treatments will be compared to
3 (till but no compost) versus 1 (no till, no compost). Treatment 7 evaluates if deep
rooting is limited by the hard-packed gravels at this site. Compost loading is the same as
for treatment 5. Treatment 8 is an ultimate intensive treatment with deep tillage, a water
retentive clay added at depth, and a comparative loading of compost in the top 25 cm.

. ZC: control: no tillage no compost

. SNT: mulch control: no tillage plus 6 cm compost

. ZIMT: tillage control: till to 50 cm no compost

. SMT: till to 50 cm + 6 cm mulch layer

. MIMT: till to 50 cm + 25 cm compost (25 % Vv/v)

. HIMT: till to 50 cm + 50 cm compost (25 % v/v)

. MIDT: till to 100 cm + 25 cm compost (25 % v/v)

. MAX: till to 100 cm add 20 % clay to lower half, add 25 cm compost (25 % v/v) to
upper half
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Field Treatment Material Calculations

+ 8 trt x 3 reps = 24 plots in two rows of 12

+ Each plot is 2 m wide, so 24 meters wide (1.5 m of plot width plus 0.5 m of buffer)

+ Plot area is 27 m wide, so plots fit in slope area

+ Each planting plot is 1.5 m wide (plus 0.5 m buffer) and 3 m high. The top half of the
plot is planted with Baccharis pillularis (coyote bush) and the bottom half in Nassella
pulchra (needle grass).

+ All plots covered with weed mat and chip bark mulch 5 cm depth



Statistical Analysis

Canopy volumes were calculated by multiplying height times longest horizontal
dimension of canopy times the greatest dimension in a perpendicular direction to the first
horizontal axis (Newton, 2000). Data were subjected to analysis of variance using
untransformed values. Data from selected plots on the lower row having detectable
subsurface liquid water late in the season were eliminated if canopy volumes exceeded
two standard deviations from the pooled mean.

Anticipated Experimental Qutcome:

Shrubs are expected to die in late summer on the first two tilled plot treatments, although
following good growth through the winter on treatment 2 due to the compost. Plants are
expected to survive but remain small on treatments 3, 4 and maybe 5. Plots 5, 6 and 7
are hypothesized to be in the adequate range, but long term growth probably will be
greater on # 8. A cost-effective treatment may involve selecting a cheaper treatment
(such as 5?7?) but increasing the inter-plant spacing to allow more available water per
plant. Much depends on whether the substrate is rootable below the tillage.

Results:

June 2006

Figure 2. Early the first summer after installation, after one winter season of growth
showing initial establishment on all plots. Early growth responses are visible in larger or
smaller shrub size.



Table 3. First year observational results for 85 x 17 Baccharis plantings.

treatment treatment | replicate | replicate | replicate | sum of treatment
code code plot a plot b plot ¢ indicators

0/0/0 ZC 1 1 1 3
6/0/0 SNT 1 2 2 5
0/0/50 ZIMT 2 1 1 4
6/0/50 SMT 2 3 3 8
0/25/50 MIMT 3 2 2 7
0/50/50 HIMT 4 4 4 12
0/25/100 MIDT 4 4 4 12
0/25/100C MAX 4 4 3 11

Compared to minus control plant size: 1 small; 2 larger; 3 full size; 4 largest few plants

Key to soil treatments: Each treatment code format: X/X/X C
1. the first number is the mulch cover in cm
2. the second number is compost incorporation depth
3. the third number is tillage depth
4. if a letter C follows the numbers, it indicates incorporation of the “clay”
amendment with an inorganic soil conditioner of fritted diatomaceous earth (20 %
viv)

First Growing Season Observation Notes

End of July 2006

Treatments: 0/0/0 (no tillage or surface mulch) or 6/0/0 (surface mulch with no tillage) or
0/0/50 (tillage with no compost incorporation)

plants are stunted or close to death. many dried leaves at the bottom of stems and small
leaves at the tips

Treatments: 6/0/50 (surface mulch with tillage but zero incorporation) or 0/25/50 (50 cm
tillage with 25 cm mixed compost)
intermediate growth; healthy but modest in size

Treatments: 0/50/50 (deep compost incorporation with medium tillage depth) or 0/25/100
or 0/25/100C (medium compost incorporation with deep tillage and with or without
inorganic amendment)

all large plant canopies, no dried leaves at base, large, healthy leaves at branch tips



Figures 3a and 3b. Summer 2007. After the second growing season and summer
drought, some shrubs are dead and some grass plugs are gone. Also, a bias toward
greater plant growth is visible on the lower center plots. Excavation suggested that a
broken sprinkler pipe somewhere behind on the slope is recharging a gravel lens located
about 3.3 feet (1 m) below the toe of the slope. No excess moisture was detected below
other plots. The lower center plots were excluded from statistical analysis.



Figures 4a and 4b. Fall, 2007. Plot growth after two full winter wet seasons and summer
droughts, just starting into the third year.



Figures 5a and 5b. Examples of the best (upper photo) and worst (lower photo) plant
growth after two wet and dry seasons.



Table 4. Statistical analysis of canopy volume after two full growing seasons.

new | treatment description surface / compost/ | trt code | canopy volume | grass

trt # | (in order of tillage intensity) tillage code (liters) vigor
1. zero control - no compost w/ no tillage 0/0/0 ZC 108.82 ¢ 1.3
2. surface compost mulch w/ no tillage 6/0/0 SNT 150.60 c 1.7
3. no compost w/ medium tillage 0/0/50 ZIMT 138.42 c 2.0
4. surface compost mulch w/ medium tillage 6/0/50 SMT 222.96 b 1.7
5. moderate compost incorporation w/ medium tillage 0/25/50 MIMT 232.46 b 3.0
6. deep compost incorporation w/ medium tillage 0/50/50 HIMT 369.52 a 3.0
7. moderate compost incorporation w/ deep tillage 0/25/100 MIDT 294.23 a 2.7
8. shallow compost incorporation w/ deep tillage + clay 0/25/100C MAX 352.12 a 2.7

Note: all compost amendments contain the same volume per plot except Treatment 8,

which has double the volume incorporated to greater depth and Treatments 1 and 2

which have none. Canopy volume values followed by the same letter do not statistically
differ (p > 0.10). Grass vigor was judged empirically based on the average condition of
the grid of grass plugs, with a value of 3.0 representing all alive and vigorous while a

value of 0 signifies all grasses were dead.

Table 5. Plant volumes and heights (in mm and inches).

new surface/ | trt code canopy average average
trt # compost / volume height height
tillage (liters) (in) (mm)
code
1. 0/0/0 ZC 108.82 ¢ 16 418
2. 6/0/0 SNT 150.60 ¢ 24 612
3. 0/0/50 ZIMT 138.42¢c 17 444
4. 6/0/50 SMT 222.96 b 24 604
5. 0/25/50 MIMT 23246 Db 23 589
6. 0/50/50 HIMT 369.52 a 27 687
7. 0/25/100 MIDT 294.23 a 24 618
8. 0/25/100C MAX 352.12 a 26 668

This table is presented to provide data on plant height for easier visualization of plant
size compared to the calculated canopy volume index.
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Figure 6. Canopy volume (Ht x L x W) of Baccharis pilularis plants. Treatment values
with the same letter do not statistically differ (p > 0.10).

Figure 6. Resprouting Baccharis seedling

A number of plants were observed that had scorched and died back in the first dry
season, but then resprouted in more favorable fall growing conditions. This behavior is

11



generally interpreted to indicate a rooting environment that is adequate in shallow
horizons (supporting initial growth), but that lacks accessible deeper volumes of soil and
late summer moisture (causing dieback). This did not occur on the more intensive
treatments with deeper tillage and compost incorporation.

Soil volumes must have structure that facilitates rapid and deep root growth to avoid
stress in California’s dry summer season. This is a fundamental difference between
existing soils and subsoils, with developed structure and fracture planes that allows root
growth, versus newly compacted fill slopes and cemented horizons that are uniform in
structure, do not have continuous pores, and therefore restrain deep rooting.

Summary and recommendations

Most Baccharis plants survived in all plots, although the zero control plots had an
average of 66% survival while the plots with the three highest canopy volumes had
100%, 100 % and 92 % survival. Canopy volume of the shrubs was increased over
three times by the moderate depth of compost incorporation and deep tillage. Tillage
alone did not increase plant growth. A combination of both tillage and organic
incorporation into these coarse substrates appears to be needed. Higher incorporation
levels of compost or deeper tillage at moderate incorporation or moderate incorporation
with an inorganic amendment gave the highest growth responses. The interactions of
increased infiltration, deeper moisture storage or greater moisture storage are not
resolvable in this experimental design. Grass vigor was also improved in the more
intensive soil treatments, although the ability of these plants to go dormant decreased
the observed growth differences between low and high intensity treatments.

Although plant growth at this location was improved, the vigorous plant growth observed
at other locations did not occur. Further optimization of plant growth with modified
treatments is expected to be possible. We speculate that a 100 day supply of soil
moisture is inadequate for a drought that may extend from early May to late October,
approximately 180 days. This experimental design assured plant survival, but not
vigorous growth. Since these plots were established, the Soils and Revegetation Lab
has created a more comprehensive system of estimating evapotranspiration demands
and plant response, enabling better design of soil treatments.

For routine planting, using a single shrub per planting location is recommended rather
than the 2 x 2 planting grid that was used for this experiment. Perhaps two individuals
could be planted the first year and thinned to one at the end of the first growth season
but before the summer drought in order to reduce moisture stress.

The inorganic amendment was shown to hold more total moisture (Curtis et al., 2003),
but perhaps not during the dry soil conditions needed to assure plant survival through
the summer. Inorganic amendments are typically used for horticultural and turf growing
conditions that are much more moist than these wildlands conditions. Further evaluation
of selected amendments is needed to identify an amendment that provides moisture
during the driest periods of the summer season at very negative soil matric potentials.

The estimated tillage and compost amendment methods used here are adequate for
modest plant growth without irrigation in these experimental conditions. Several
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modifications to these methods are suggested below that may increase construction
efficiency and also improve ultimate plant growth.

Construction of a tilled, compost incorporated volume

Using conventional construction equipment, soil/substrate volumes may mixed with
compost (suggested at 10% v:v of organics:substrate of a 50:50 blend of coarse
shredded wood (1 to 3 inch length) and fine (< 3/8 inch) yard waste compost) by
excavation of a wide (3 - 5’ wide by 3 to 4 * deep) trench mixed uniformly to depth during
backfill, or by refilling of bench steps when grading down a slope during cutslope
construction or by excavating steps and then mixing and replacing the substrate volume.
With these methods, trackwalking of the surface is acceptable, but compaction of the
mixed fill should be avoided to allow root growth. Soil depths on these benches or
trenches should be at least 3 feet deep to allow adequate plant growth without irrigation.
All amended substrates on slopes steeper than 3:1 are recommended to be placed on a
horizontal base of the excavated volume to avoid lateral slippage. A single plant per 2 m
square (6 feet square) area will allow more robust growth than observed in these
experimental plots, which had four plants in this same area. The area should be
covered with 2 to 3 inches of wood chips or shreds. We used a synthetic weed mat
material, but this became visible after a season as the wood chips settled or thinned.

Construction of a ripped slot with incorporated compost in a undisturbed slope volume

A more experimental method that is still in development is to rip a single slot on contour
to 3 or 4 feet depth, incorporating compost and wood shreds into the throat of the ripper
slot. Currently, conventional equipment that can cut a slot does not incorporate compost
adequately to depth, leaving a slot that settles and closes when wetted. A combination
of a skirt on the ripper shank that will hold the slot open while compost is disked or
bladed into the slot is being developed. Generally similar equipment is currently used to
bury cable and flexible pipe. This method is expected to increase speed of treatment
with minimal soil disturbance.

This method also reduces compost and nutrient availability at the grade surface, which is
expected to reduce weed growth. The slots, if placed at 15’ or 20’ intervals on contour,
may improve water use during dry periods by allowing water to run off of the undisturbed
area and be captured by the slot trench. The entire area should be heavily mulched with
3 - 4’ coarse wood shreds or chips.
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Figure 7. Flowers on a thriving Baccharis pilularis (coyotebush) from a compost
amended and deep tilled plot.
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