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Background 

Earth-Wise is working with the San Luis Obispo City Utilities Department Water Conservation Office to design and test a natural alternative to traditional urban lawn management. A compost tea program was initiated to:

Increase: 

Root depth and mass.

Overall turf health.

Healthy plant nutrient usage based on plant need.

Plant resistance to disease.

Turf ability to withstand stress.

Decrease:


Chemical input in the form of fertilizer.


Turf water usage.


Overall turf maintenance.
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Executive Summary

Earth-Wise/Spirit of the Earth, San Luis Obispo Utilities Conservation Department and Parks and Recreation commenced a project to determine if water usage for parks could be reduced while the overall health of the turf was increased or, at a minimum, maintained at current levels.  

After some preliminary experimentation on test plots at Eastman Park (Phase I of the test) it was decided to try a larger test.  The City of San Luis Obispo chose Islay Park.  This park was noted as a high-maintenance park with highly compacted soil, erratic soil profile, inadequate water feed system with a low through put, problems with vandalism of irrigation heads and consistent over mowing to accommodate sports usage.  

The goals of the project were to establish a healthy root zone, eliminate or reduce chemical inputs in the form of fertilizer and eventually attempt to reduce the amount of water needed to irrigate the park without damaging the health of the turf.

Using a combination of water management practices and replacing the traditional fertilizers with Aerated Compost Tea, the goals of the project were realized:

· Overall turf health was increased.

· Root zone extended from four to fourteen inches over much of the turf area

· Overall test and park water use was reduced.

Earth-Wise/Spirit of the Earth recommends that the City of San Luis institute the program initiated at Islay Park to all the parks under the management of the City of San Luis Obispo Parks and Recreation Department.

Project Phases
Phase I: Emerson Park – Test for practicality of methods – Summary

The project was approached in phases.  Phase I took place at Emerson Park and demonstrated the viability of increasing turf health through the use of compost tea (referred to from this point at ACT), length of the turf grass and Micorrhiza (VAMs) fungi. Increased turf root depth and mass was found in test plots where compost tea was uses along and in plots where compost tea and VAMs were used.  

Based on these experiments, a proposal was made to improve a test area in a larger park.  The City of San Luis Obispo provided a park (Islay) with high water usage and low turf health.  

The turf areas (see Park Layout Figure) were compacted.  A test probe of 1” diameter could not penetrate move than 2” below the surface.  The park turned brown during part of the year and was considered a problem, in regards to turf health and maintenance.

Phase II: Islay Hill Park Project – Restore Health of Distressed Turf  -- Summary

The Park is located at the base of Islay Hill on Tank Farm Road, East of Broad Street. The park has a highly disturbed, urban soil. The natural soil structure was destroyed during the park’s installation (lighter color sub-soil visible in a number of areas). The result is layered soil compaction with reduced micro and macro-pore spaces. Water penetration is slow. Water usage is high. 

The lawn is a mix with cool season, perennial ryegrass (Lolium perenne). Grasses compete with a number of broad-leaves. The lawn is mowed weekly and irrigated three to five times weekly. The park has moderate traffic and is heavily used for sport activities. Before the start of the project, the park had been under irrigated to allow heavy equipment accessed to a construction site by the creek. Irrigation scheduling returned to normal before the start of the project. Starting grass root depth was less then three inches. Root diameters and density were low.

This phase of the project restored soil health by: stopping application of all chemical fertilizers, adding compost tea through the existing irrigation system and adding mycorrhiza fungi to the turf.  Tests were taken at different times during the project cycle with the result that root growth extended from 3 –4 inches to an average of 7 –8 inches.  The root mass was larger with reduced thatch.  Water penetration was increased and worms appeared in previously worm-free turf.  The bacteria had started decomposing the rock subsoil allowing for greater root expansion and water retention.  Residue from previous applications of nitrogen based fertilizers became available to the turf.

Phase II of the compost tea lawn program was started in July 2002, four weeks late. The delay was due to construction work taking place at the park.

Turf Water Savings Background to Phase III

The goal of water savings developed as the results of Phase I and II of the project were analyzed.  While compost tea has been documented to control disease outbreak and increase plant health by increasing root depth and mass, there was no documented correlation between water savings and compost tea.  Additionally, there is documented evidence of compost tea used to restore turf after winter.  

As evidence was gathered through tests and experiments, trends showed that there was a potential to save overall water usage in an urban park environment.  The City of San Luis Obispo Parks and Recreation Department chose Islay park as a test platform.  The challenge was: Keep the turf healthy and show that less water could be used overall at the park.  

Because of the dynamics of the park and an ongoing construction project, only part of the park would be used for the test.  The areas to be used in the test were identified by irrigation station.  The stations chosen were: 11, 12, 13, 14, 15, 18, 19, 20, 21, 23, 24, 25, 26 and 28.  See the map for a graphical representation of these stations.

The test area had to be reduced because park construction claimed the use of stations 11, 12, 20 and 21.  A new irrigation line was put in, turf seeded and an atypical water usage rate required.   This construction occurred in locations not included in the initial test area.  These areas also required atypical water usage.  Because of the difficulty in using overall park metering to determine station usage, it was decided to take meter readings on a daily basis then expand to every other day then finally weekly readings.  This way, an overall pattern could be seen and the atypical stations factored into the water usage analysis. 

During the course of the project, several operational glitches occurred.  These are noted in the report.  Because much of the project required new ways of handling turf maintenance, a learning curve was evident.  Earth-Wise/Spirit of the Earth complements the Parks and Recreation department for their cooperation in implementing a project that, in many ways, went against or contrary to traditional turf maintenance management as practiced by the department.

Phase III: Islay Hill Park Project – Determine Overall Water Savings 

The following program was initiated to monitor turf reactions to water cutback and determine next steps during the course of the project.  

Initial tasks continued from Phase II

· Continue compost tea application and feeding through winter months with current water usage.

· Monitor and log root growth and root density.

· Check turf density and in-growth of seasonal grasses.

· Take soil samples periodically. 

· Monitor water penetration using water sensors to establish water penetration and water depth.

· Develop a strategy based on catch-can and overall park water usage as determined by city reporting. 

· Determine root length and density.

· Determine starting water usage.

· Determine starting Compost tea application rate.

· Develop model for water reduction through months of March – August 2003.

Tasks Started as Phase III:
1. Decrease water usage in accordance with model developed in Task #2 until turf shows signs of stress as determined by:

2. Daily visual observation of park turf.

3. Identification and notation (with repair) of any mechanical problems that may occur.

4. Daily monitoring of water sensors to determine water penetration and overall water depth.

5. Soil tests and leaf assay to determine root depth, density and health.

6. Identify pre-stress and stress conditions.

7. After stess condition is determined, increase water usage until stress is resolved.

8. Develop model showing amount of water saved.

9. Develop model showing water application/stress relationship while using Compost Tea and non-chemical foods on a regular basis.

10. Show maintenance of park health with reduced water application and manpower resources.

11. Show viability and cost savings of injector (applied through existing irrigation system) based application of teas and foods.

12. Show results.

13. Develop conclusions with recommendations for future application.

14. Write and submit report detailing results of Phase III.

Preliminary Park Examination 

Islay Park exists at one side of  an urban housing development with construction taking place across a creek that runs along one side of the park.

Islay Park was constructed by the contractor as part of the housing surrounding the park. There currently  As far as can be determined, the contractor was responsible for soil and turf, shrubbery (including trees) structures and irrigation.   There is a baseball diamond with sand/aggregate infield, children’s play area with beach or play sand, volleyball court with sand base and tennis court with concrete court area.  Asphalt paths intersect or go around the park in general.  Cement picnic-like benches are placed at strategic areas throughout the park as are trash receptacles on permanent fixtures.  

Irrigation

The park is irrigated with pop-up rotor type sprinklers, spray sprinklers and a drip system for the shrubbery/trees.  The turf areas are only serviced by the rotor and spray heads.  All irrigation is centrally controlled through a Rainmaster system that uses Evapotransiration established from a remote site.  This is Santa Rosa park and is approximately four to five miles in an entirely different microclimate.  

Mowing

Islay park is mowed in accordance in accordance with City Park Department guidelines.  Because the park is used sports activities, the turf cannot be excessively long.  However, when turf is mowed too short, one to two inches, unwanted broad leaf plants (weeds) intrude into the turf and inhibit turf regrowth.  Because turf areas are rarely even and the configuration of the mower is relatively inflexible, parts of the turf are mowed shorter that the mower setting.  This tends to scalp – cut the turf to below three quarters of an inch -- areas of the turf.  When this occurs, areas of the grass blade not normally exposed to the sun and the grass yellows.  After mowing, whole swaths of turf can be observed to not only be cut too short but yellowed by the sun.  This occurred commonly at Islay park.  Regardless of how the mower was adjusted, the park terrain made over mowing a certainty as long as overall short turf length was desired.

Earth-Wise/Spirit of the Earth recommended a turf length of two and one-half to three inches.  This recommendation was based on documented correlation between turf length and root depth.

Historical observations

Islay park was and is a park with problems with the irrigation and with the placement of bench and other artificial structures that block uniform irrigation.  In addition, the overall flow to the park is generally less than 55 GPM which makes watering with any uniformity a problem.  In addition, a specific irrigation station may cover two completely different soil types with different water infiltration rates.  Basically a same station has to be programmed to get enough water in one area without getting too much water in another area.  If the irrigation amount is established for the area with fast water infiltration, the other area – with slower infiltration -- does not get enough does not get enough water to sustain healthy turf.

Catch-can Test

A catch-can test was administered by the City of San Luis Obispo with the result that under the best circumstances, DU was under 50% per station with specific stations under 15%

Implementation

Existing Environment

Processes initiated during Phase II had extended root depth from three to four inches to a depth of ten to twelve inches on average.  It was reported that an excavation crew working on a creek crossing, found root depth to four feet but this report is unverified by Earth-Wise.  Overall turf health was good.  Root mass was increased and the amount of turf-competitive broad leaf plants such as dandelion were substantially reduced.

In November of 2002, as part of  the regular maintenance program, much of the area of the experiment was seeded with a mixed blend of seeds.  The seeding was done as a part of the regular park maintenance program. Added to the seed, in a  dry form, was five gallons of Micorrhiza Fungi.  Part of the experiment was to see if Micorrhiza would/could extend the root depth via a fungal medium.  Micorrhiza was found in plugs taken from different areas of the park where it was applied thus establishing the fungus as a beneficial contributor to turf health. 

Water Reduction Overview

The ultimate goal of the project was to show that turf could be managed in such a way that overall water usage could be reduced.  The goal was to reduce water by fifteen percent.  It was determined that water savings of between twenty-five and forty percent was practical.  Testing showed that if water penetration could be achieved to the eight to ten inch level, less water would be used overall and the watering cycle could be lengthened.  This means that more water would be applied per station at a specific time causing run off.  This run off would be managed in such a way as to reduce water at stations receiving the run off. 

Traditional water model

The existing (traditional) water model watered four days per week every week.  In addition, the water cycle for each station was longer than required.  This length was the “theoretical best” amount of water for each station.  It was seldom reached because the whole system was controlled by Evapotranspiration (ET) readings taken from the Santa Rosa monitoring station.  Because this station is in a different micro-climate than Islay Park, Islay water stations either suffered too much water or too little water.  Regardless of which, the water was applied in such a way that the park never received optimum water to sustain healthy turf and soil..  Park personnel struggled to keep the turf healthy and were adding water over most of the park as a supplement to the programmed water model.

Water Reduction Model

The water reduction goal would be achieved by:

1. Determining soil type and laboratory soil tests.

2. Testing the turf for water holding capability with a water probe.

3. Developing an irrigation model based on the testing results.

4. Recommend and monitor turf length.

5. Changing the irrigation model.

6. Observe and test (with water probe) the soil for water penetration.

7. Adjusting the model

8. Repeat steps 4 through 6 as needed. 

Soil Type 

The soil type is most closely associated with a soil known as a Los Osos-Diablo complex according to the Soil Survey of San Luis Obispo County, California: Coastal Part.  This report was issued in 1988 and was based on survey information taken in 1976-1977.  The soil is classified as : Clay loam, silty clay or clay and has a weighted average of between 35 and 60 percent clay.  It is slightly acid or medium acid in the lower part (Note the contrast with this description and the soil analysis pH given below.  The topsoil initially appeared  to have been removed and this may still be the case.  The characteristics of the topsoil are brown, loamy, very dark, slightly hard.  The actually soil encountered in most of the park was more characteristic of the sub-soil: Yellowish brown, clay, very hard and firm aggregate (Which appears to be serpentine.) permeates the soil in parts.  Other parts of the park are clay-based and appear to fit the description of Los Osos series A1 topsoil.  Both soil types are mixed in the park and both may be covered by a single irrigation station.

Soil Test

A soil test was taken on 7/1/2002.  The analysis (Analysis done by A & L Western Agricultural Laboratories, Modesto, California.) gave the following:

Table 1-1 Soil Analysis Taken 07/17/02

Salinity
pH
Organic

matter

0.8

ECe ds/m
7.5
2.3%

Table 1-2* Soil Analysis Taken 07/17/02 (Cont.) 

N
P

Weak Bray
P

NaHCO3-P
K
Mg
Ca
Na
SO4-S

6
8
13
175
1056
2977
137
120

* All amounts in ppm

Table 1-3* Soil Analysis Taken 07/17/02

Zn
Mn
Fe
Cu
B

16.5
1
1
0.05
0.7

* All amounts in ppm

The soil test showed that the basic salinity of  the soil was low-average with a neutral pH (acidic/alkaline) level.  The available organic mater The Nitrogen (N) and Potassium (K) levels are low.  Phosphorus shows both low (weak bray) and medium high (P).  These reading may be somewhat misleading because the soil test shows available NPK.  Biology of the soil may convert nutrients held in other forms in the soil making them available to the plants. Traditionally, this would indicate fertilization however, because of the soil density, it is unclear whether the fertilizer could penetrate the hard-pan soil surface.  Much of the fertilizer could be lost through run off.  

Magnesium (Mg) showed very high as did Sulfur (s) and Zinc (Zn) while Calcium (Ca), Sodium (Na), Manganese (Mn), Iron (Fe), and Copper (Cu) showed extremely low.  Boron (B) tested average but this is undesirable because Boron is highly toxic.  Boron usually exists in trace amounts not in the amounts indicated by the test.  What the test indicates is that the soil is relatively unhealthy.

Water Holding Capability

Tests were taken to determine overall permeability.  The test was conducted by inserting a metal cylinder one inch into the soil and adding a requisite amount of water to equal a pool of one inch depth.  How long it takes this water to percolate into the soil determines the permeability of the soil and can be used to set irrigation cycles.  

Test 1 

In August, water penetration test were taken at six separate sites from the turf area.  A six inch metal cylinder was pounded into the turf and 440 ml. water was poured into the cylinder.  This amount of water equals one inch depth.  The table below shows the penetration times.

Table 2 Water Holding Test.  Islay Park

Test Site Number
1
2
3
4
5
6

Penetration Time
30 +
30 + 
30 +
4.36
12
30 +

All times in minutes.

Stations one, two, three and six were located in irrigation areas S-13, S-23 S-24, S-25 and  S-26.  These cover the largest turf area in the park and make up most of a baseball field outfield.  Area 4 was located in the Northwest corner of the park and was made up of mostly clay-loam topsoil typical with Los Osos/Diablo complex.  Area 5 is located in the lowest area of the park.  This area is constantly soggy to wet.  Water capacity test in this area are consistently too high for an accurate meter reading.  Because of the saturation, water percolated slowly but did not pool as in areas one, two, three and six.  

After 30 minutes, measurement was stopped in because the water was percolating into the soil at a rate that would indicate a minimum of one to two hours penetration time.

Irrigation Model Definition

A model was defined to cycle the water a specific amount of time, with rests, in a specific area.  Because most turf irrigation takes place at night, the model had to fit into the nighttime water window.  The model looked great on paper and would very likely have worked as planned.  However, when the model was implemented into the irrigation program, it was found that for the program to successfully execute the model, a watering cycle of ninety-six hours would be required.  The model was fine but the computer program was not set up in a way that would allow more than eight cycles per station per water period.  Given that the infiltration rate (see Table 2.) for much of the park required irrigation times of ten minutes or less with equivalent rest periods or “breathing space” between applications it was discovered that to water for ninety minutes required a minimum of nine rest cycles.  Many stations required more rest periods, the maximum number required was eighteen.  

It became evident that the Rain Master Evolution(DX2 irrigation software was not capable of being programmed in a way that would meet the model.  A consultant from Rain Master was called and a new model was developed by trial and error.  Irrigation times and rest times were input. Then a test run (No water is used but the system reports as if the runtimes, water volume and rest periods were actually in operation.) was made to determine if the model would fit into the eight hour water window available for turf irrigation.  When the water demand exceeds system parameters such as the water window, alerts are issued and the station issuing the report shuts down.  

After two hours of experimentation, a model of irrigation times was reached that was a compromise between the ideal model and the realities of the irrigation software. The number of stations in the test remained the same but the overall irrigation period was changed.  The model was reconfigured to utilize built-in system run-off.  All stations were taken off ET management.  That model, input into the system on May 28, 2003, is indicated below. 

Table 3 Initial Model Water Station Settings (5/28/03)
Sta
Brief Destription
Total

Run

Time
Max

Cycle
Min

Soak

Time
Nom.

GPM
Days

11
By Volleyball court
70
20
30
26
S/W

12
E. Corner Volleyball
70
20
30
31
S/W

13
(BB) Third base bank
112
20
30
21
S/W

14
(BB) Home plate low bank
84
20
30
18
S/W

15
(BB) Infield perimeter Path
70
20
30
24
S/W

18
S. Volleyball
84
20
30
33
S/W

19
S. Volleyball by path
84
20
30
19
S/W

20
S. Parcel  - Perimeter by creek
140
20
30
35
S/W

21
S. Parcel – Turf by creek
70
20
30
48
S/W

23
(BB) Ball field perimeter
112
20
30
37
M/Th

24
(BB) Ball field middle
155
20
30
46
M/Th

25
(BB) Ball field middle
155
20
30
42
M/Th

26
(BB) Ball field perimeter
112
20
30
33
M/Th

28
Basketball perimeter turf
42
20
30
38
M/Th

Table 3 legend:

Sta – An irrigation station made up of a number of sprinkler heads covering a specific turf area. (See Islay Park Irrigation Layout for a graphical view of stations.)

Total Run Time ​– The total amount of time the station runs over a two-week period.

Max Cycle – The total amount of time the station may run at any one time.

Min Soak Time – How much time the turf will rest between applications of water.

Nom GPM – How much water passes through the meter when this station is active.

Days – The days for week 1 of a two week cycle.  S/W = Sunday and Wednesday (12PM Sunday night and 12PM Wednesday night.  M/TH = Monday and Thursday (12PM Monday night and 12PM Thursday night.)  While the indication is Monday through Sunday, the watering cycle takes place in the morning following the day indicated.  A cycle starting on Sunday actually waters Monday from 12:01AM to 8:30AM.  This gives an effective water window of 8.5 hours per day.  San Luis Obispo park management does not encourage turf irrigation during daylight hours unless new turf is added or a turf emergency requires daylight watering.

Days Watered and Water Cycle

The days water indicate the days for Week 1 of a two week cycle.  If the indication is that watering occurs on M/W, watering will occur (see Days above)  during the first week but not the second.  Watering occurs on Monday and Wednesday.  Then twelve days are skipped until water is applied again.  The Water Cycle is then two days of watering and twelve days off.  Then the cycle repeats.

Water Usage

The model brought water application, through programming, to seventy-percent of pre-model application rates in the test area.  This represents a thirty-percent water savings.

Park Observations

The park was observed daily by both Earth-Wise and San Luis Obispo parks department personnel.  Because the city employees worked on the park every day, the input and observations from them was especially valuable.  

After the first week of irrigation with the new model, the park employee responsible for mowing reported that the baseball field – Stations 13, 15, 23, 24, 25 and 26 – was excessively soggy.  In addition, areas covered by irrigation stations 20 and 21 were also soggy.  Pooling was reported around all trees in the periphery of the areas and turf areas that were depressions showed pooling of water to a one to two inch depth.  Subsequent checking by Earth-Wise employees confirmed the report.  

Analysis showed that the irrigation model was working.  Less water was being applied overall and the turf was showing signs of more than enough water.  Testing with the water probe showed off the scale saturation at the eight inch level.  After one week, the turf had reached optimum water saturation.  The irrigation model was changed to manage the saturation levels but shorten the run cycle.  This would be an attempt to manage the run off produced by the higher level turf areas.  The following shows the changes:

Table 4 Irrigation Model Water Station Changes (06/04/03)
Sta
Brief Destription
Total

Run

Time
Max

Cycle
Min

Soak

Time
Nom.

GPM
Days

11
By Volleyball court
70
20
30
26
S/W

12
E. Corner Volleyball
70
20
30
31
S/W

13
(BB) Third base bank
112/90
20
30
21
S/W

14
(BB) Home plate low bank
84
20
30
18
S/W

15
(BB) Infield perimeter Path
70
20
30
24
S/W

18
S. Volleyball
84
20
30
33
S/W

19
S. Volleyball by path
84
20
30
19
S/W

20
S. Parcel  - Perimeter by creek
140/70
20
30
35
S/W

21
S. Parcel – Turf by creek
70
20
30
48
S/W

23
(BB) Ball field perimeter
112/45
20
30
37
M/Th

24
(BB) Ball field middle
155/70
20
30
46
M/Th

25
(BB) Ball field middle
155/70
20
30
42
M/Th

26
(BB) Ball field perimeter
112/90
20
30
33
M/Th

28
Basketball perimeter turf
42
20
30
38
M/Th

Total Run Time – The number to the left of the / represents the old setting, the number to the right is the new setting.  

Nom. GPM – This number remains the same from report to report.  It was determined that even though the GPM did change, the changes did not substantially effect the model.

Water Use

The new changes brought water application to an overall forty-seven percent of pre-model application amounts in the test areas.  This means that water applications rates were less than half of those applied before the model was implemented on 05/28/03.

Park Observations

The park was observed visually, tested with coring and tested with the water probe.  The park areas showed a curious mixture of over and satisfactory saturation.  It was determined that this was due to the sporadic sprinkler coverage as shown by the catch-can test administered by the City of San Luis Obispo Conservation Department.  The Park Department employee responsible for the park complained that parts of the park was still too soggy for correct mowing.  

Given that part (The part of the baseball outfield behind first base to the surrounding peripheral paved walking path.) of the park was always soggy it was difficult to evaluate such a broad statement.  Examination did show some tree base pooling.  It was decided to cut back the water in certain stations and change irrigation times.  

Settings Problems

A problem arouse when this was attempted.  The model was changed on 06/04/03 as reflected in  Table 4.  When the new adjustments were made, it was discovered that the changes had been removed and the original settings restored.  It was never determined why the irrigation system reverted to the original settings or why the irrigation pattern changed in the park.  The amount of applied water did change after 06/04/03.  This was shown by observation, water probe and core samples.  This settings/water anomaly, which occurred several times during the course of the experiment were and are unresolved.  However, there were still complaints about mowing.  It was decided to keep the water reduction levels and change the water cycle.  This is reflected below.

Table 5 Irrigation Model Water Station Changes (06/16/03)
Sta.
Total

Run

Time
Max

Cycle
Min

Soak

Time
Nom

GPM
Days

orig.
Days

Change

11
70
20
30
26
S/W
M/Th-1, W-2

12
70
20
30
31
S/W
M/Th-1, W-2

13
112/90
20
30
21
S/W
M/Th-1, W-2

14
84
20
30
18
S/W
M/Th-1, W-2

15
70
20
30
24
S/W
M/Th-1, W-2

18
84
20
30
33
S/W
M/Th-1, W-2

19
84
20
30
19
S/W
M/Th-1, W-2

20
140/70
20
30
35
S/W
M/Th-1, W-2

21
70
20
30
48
S/W
M/Th-1, W-2

23
112/45
20
30
37
M/Th
Tu/F-1, W-2

24
155/70
20
30
46
M/Th
Tu/F-1, W-2

25
155/70
20
30
42
M/Th
Tu/F-1, W-2

26
112/90
20
30
33
M/Th
Tu/F-1, W-2

28
42
20
30
38
M/Th
Tu/F-1, W-2

Days Change – The cycle was changed to free up mowing which took place during week 2 of the irrigation cycle.  It was determined that by adding Wednesday in the middle of the entire cycle, the overall water reduction could be maintained and the park could be watered the day after mowing.  This would give the cut grass one day to grasscycle into the turf before water was applied. 

Water Use

The new changes brought water application to an overall forty-seven percent of pre-model application amounts in the test areas.

Park Observations

The park was observed visually, tested with coring and tested with the water probe.  The visual and probe testing indicated that less water was being applied to the park.  Other than the programming and the water meter at the park, it was impossible to determine exactly how much water was being applied.  The park tested adequate water penetration to the eight inch level but did show some dryness towards the end of each cycle.  

No errors were reported from the irrigation system.  

Also, on 06/16/03, 

1. A Minimum/Maximum Thermometer was installed to track temperature differences at the park.  

2. All irrigation stations of the park were observed.  Some were off for construction purposes.

3. A park area outside the test area was observed to be under extreme stress.  This was the area adjacent to the playground equipment and on a slight rise above the first-base side of the baseball field.  Parks department management asked if this area could be brought into the test.  Earth-Wise/Spirit of the Earth agreed to start controlling the irrigation of the area but because of the late date, noted that this area would not be considered in the water savings statistics.  Because restoration of an area takes a large amount of water, the overall water usage would rise.  Also because of the lack of independent station monitoring, it would be difficult to determine exactly how much water was used by the test area and how much was used by the new area.  Of course, estimates can be made and trends can be established for water use but this was the case from the beginning.  

4. This area, stations 8, 9 and 10 would not be evaluated as part of the water savings test.

5. A model was designed for this specific area (see below).

6. Because of the highly erratic soil profile for the water station, it was decided to remove station 28 from the test.  The water profile for this station was changed to reflect the almost total lack of water penetration in one area covered by the station and almost immediate penetration in another area covered by the station.

Table 6 New Area Modeled on 06/17/03

Sta
Total

Run

Time
Max

Cycle
Min

Soak

Time
Nom

GPM
Days



8
60
60
30
11
Tu, We, F, Sa -- W 1/2

9
60
60
30
18
Tu, We, F, Sa -- W 1/2

10
60
60
30
16
Tu, We, F, Sa -- W 1/2

Table 7 -- New Water Profile for Station 28 Set 06/17/03

Sta
Total

Run

Time
Max

Cycle
Min

Soak

Time
Nom

GPM
Days



28
30
5
40
38
Su, Mo, We, Th – W 1/2

No further changes were made until July.  After the first week 06/17/03 to 06/24/03, the park employee in charge kept complaining that the new water profile go in the way of his park maintenance.  It was a problem that could not be resolved and the complaints were logged.  The mowing problem was resolved by changing the way water was applied even though it violated the overall goals of the model.  

Evaluation of the Model and Program to Date – Potential Ramifications

It was realized, soon after the new model was applied, that there were several factors that had to be in place for the model to work successfully and water savings could be tracked.  Some of these were mentioned at the start of the program 

These factors are:

· A political environment in the parks maintenance program that seeks new and innovative ways to conserve water and lessen chemical input on turf areas.

· Accurate water usage measurement.

· Ability to conduct tests.  

· Ability to adjust water flow that bypasses automated control methodologies. 

· Quick repair of traditional problems such as broken sprinkler heads and clogged irrigation lines.

· Design and implementation of an irrigation model

They are a model that:

· Reduces overall water use based on historical levels.

· Maintains or increases the overall health of the turf.

· Fits into or does not significantly add to the work load of the park staff.

· Reduces chemical inputs.

· Controls run off into streams that run through or around the park. (This is important because the model has to be transportable to other parks.)

· Alters park irrigation in a way that does not substantially change existing park maintenance practices.

To reduce overall park work involved with watering the park with different methodologies, all turf areas of the park were brought into the model.  This would increase overall water usage because the new areas would have to go through the same process that the test areas underwent in Phase II of this project. The model was adjusted again on 07/10/03:

Table 8 New Irrigation Model implemented 07/10/03

Sta
Total

Run

Time
Max

Cycle
Min

Soak

Time
Nom

GPM
Mo
Tu
We
Th
Fr
Sa
Su

4
30
60
15
37

1/2



1/1
1/1

5
30
59
15
9

1/2



1/2
1/2

6
25
59
15
23

1/2



1/2
1/2

7
30
59
15
8

1/2



1/2
1/2

8
35
60
30
11

1/2



1/2
1/2

9
50
60
30
18

1/2
1/2


1/2
1/2

10
50
60
0
16


1/2


1/2
1/2

11
70
20
30
26
2


1/2




12
70
20
30
31
2


1/2




13
90
20
30
21
2


1/2




14
84
20
30
18
2


1/2




15
70
20
30
24
2


1/2




18
84
20
30
33
2


1/2




19
84
20
30
19
2


1/2




20
70
20
30
35
2
1

2




21
70
20
30
48
2
1


2



23
90
20
30
37

1/2

1
2



24
90
20
30
46

1/2


2



25
90
20
30
42

1/2


2



26
90
20
30
33

2
1
1
2



28
30
20
30
38
1/2

1
1/2


1/2

29
70
60
0
19

1/2
1/2

1/2
1/2


30
35
60
0
24

1/2


1/2
1/2


Days – Because all days of the week are brought into this model, all are shown for the total turf of the park.  Areas in Bold are the test areas.  The notations are: 1 = Week One, 2 = Week Two, 1/2 = Weeks 1 and 2.

The model watering days were spread out so that mowing would not be affected and the methodology where more water was applied per watering time but the number of days where irrigation occurred was lower for each station.  The traditional model (controlled by Evapotranspiration -- determined by Santa Rosa Park) watered four days per week for a two week cycle.  This new model  this new model watered the new areas three days per week and resume the first method of watering on days that would allow the most water to be applied while limiting the water time two on or two days per week in the test areas.

Water Savings

Because new areas of the park were added to the whole water profile, water usage for the whole park should have risen.  Areas 4, 5, 6 and 7 had undergone extensive rework by the primary construction contractor.  This same contractor replaced broken or completely damaged perimeter irrigation lines in areas 11, 12, 18, 20 and 21.  In addition, these areas were re-seeded and watered outside of the profile.

During this same period, Earth-Wise and a representative from the Utilities Conservation Office made a walk-through of the park to check sprinkler head operation and how the water was being distributed per station.  While most of the turf sprinkler heads were working correctly, the water was still being distributed poorly (See the section on the catch-can test.)  as previously indicated.  The following was found:

1. Broken heads.  Either crushed or cracked.

2. Clogged lines.  Broken or replaced lines where a foreign substance entered the line.

3. Mis-aligned heads.  Heads watering sidewalks instead of turf.

4. Missing heads.  Gone.  In a couple of cases, the heads had been missing since before the project start.

5. Head nozzle problems.  Water exiting in a continuous stream instead of in a diffuse spray.

The above were logged and given to Parks personnel for repair.  They were repaired within two weeks.  However, because of the ongoing construction projects, normal damage from mowing and vehicular traffic and vandalism, it was often difficult to relate water usage with actual turf results.  For example, it was discovered that a sprinkler head was completely missing from station 9.  This was hard to detect because the sprinkler configuration of the station partly covered the area covered by the missing head.  When this station was activated, a great deal of water leaked out of the pipe where the head was missing and water was only marginally distributed by the other heads.  Because of the general low water distribution, this situation went on for some time before it was discovered.  (See recommendations.)

Test Area Water Usage Comparison Month-Year to Month-Year

The following charts water usage for the test areas 13, 15, 23, 24, 25, 26 from April through mid October 2002 year and April through October 2003 year on a gross usage comparison.  See the appendix for a weekly comparison.

Table 9 Water usage in Test Area and Total Park for Jun-Oct 2002 and 2003

Year
Test Computed
Test Measured
Total Computed
Total Measured

2002
591695
892772
1469217
1761549

2003
446980
668662
1298285
1328594

Difference
-144715
-224150
-171002
-432955

Pct. Dif
24.457702
25.1071942
11.6389887
24.5780844

For the roughly five month test period a water reduction of approximately 24 to 25% was achieved.  This occurred despite the learning curve of the project, technical glitches and just plain missteps.  

Turf and Overall Park Health

Over the time of the test from Phase II to the conclusion of Phase III., soil and turf health was improved.  The soil and plant test below highlight the improvement.

Table 10 Soil Analysis Taken 07/17/02

Salinity
pH
Organic

matter

0.8 ECe ds/m
7.5
2.3%

N
P

Weak Bray
P

NaHCO3-P
K
Mg
Ca
Na
SO4-S

6
8
13
175
1056
2977
137
120

Zn
Mn
Fe
Cu
B

16.5
1
1
0.05
0.7

* All amounts in ppm

Table 11 Soil Analysis Taken 10/03/03

Salinity
pH
Organic

matter

1.9 ECe ds/m
7.5
3.1%

N
P

Weak Bray
P

NaHCO3-P
K
Mg
Ca
Na
SO4-S

7
9
14
200
1185
3012
201
329

Zn
Mn
Fe
Cu
B

12.1
7
32
1.4
0.7

· All amounts in ppm

Notice that in all areas, the available nutrients have increased.  This is explained by the increased microbial, fungal and protozoa activity in the soil.  An interesting notation is the overall salinity.  The salinity actually doubled in the soil however as can be seen in the plant analysis below, this had no negative impact on the turf.  

CEC -- In both cases, the CEC (Cation Exchange Capacity) stayed the same at @ 23-24.  This capacity measures the ability of the microbiology to utilize the nutrients in the soil as food.  Too high or too low a CEC and microbial feeding takes place but at a rate far from optimum.  What this indicates is that while the conditions for Ion exchange we adequate in the soil in 2002, there was not enough active biology in the soil to effectively utilize the available nutrients.  Historical indications are that the biology is killed off by successive turf feeding with inorganic fertilizers and the use of weed killers to get rid of broad leaf invaders commonly known as weeds.

Plant Analysis

Plant analyses were taken at different times as shown below:  In all cases, a wad of turf was removed and inserted into a plastic zip-lock baggie.  This was shipped via UPS to the lab in Fresno, CA.  

Table 12 Plant Analysis Comparison


Dates of Tests and Results

Element Tested
Optimum Range
11/21/02
03/27/03
09/22/03

Nitrogen N (Pct.)
2.75 - 4.50
4.44
3.16
4.03

Sulfur S (Pct)
0.20 - 0.45
0.38
0.32
0.37

Phosphorous P (Pct)
0.30 - 0.55
0.49
0.40
0.54

Potassium K (Pct)
1.80 - 4.00
3.12
2.64
2.92

Magnesium Mg (Pct)
0.14 - 0.60
0.27
0.28
0.37

Calcium Ca (Pct)
0.25 - 1.30
0.32
0.45
0.53

Sodium Na (Pct)
0.01 - 0.19
0.08
0.11
0.10

Iron Fe (ppm)
35 - 300
170
195
160

Aluminum Al (ppm)
20 - 300
44
146
82

Manganese Mn (ppm)
25 - 200
67
46
43

Boron B (ppm)
6 - 40
7
10
11

Copper Cu (ppm)
6 - 40
10
10
11

Zinc Zn (ppm)
20 - 70
35
27
27

* Pct = percentage, ppm = Part Per Million
Element Tested -- This is the percentage of this element found in leaf samples.

Optimum Range – This is the desired “best” range for these elements.

Dates of Tests and Results – The amounts of the elements at the dates given.

The plant analysis showed that the plants stayed healthy in every area measured.  Even under traditional management which used chemical inputs, the turf soil showed a good range of nutrients.  After over 12 months with no inputs, the plants showed equivalent health in all traditionally measured areas.  

The tests would seem to indicates that substituting compost tea for chemical inputs keeps the nutrients available to the plants in a sufficient range to ensure plant health even with reduced water usage.

Conclusions

1. All goals established at the onset of the project were achieved.

2. Turf root zones increased, turf thickness and root mass increased and weeds were less prominent.

3. Using sustainable approaches and revitalizing the turf of the park, overall water savings can be achieved.  The level of water savings reflect how closely a water savings program is followed.  At Islay Park, a test area savings of @ 24% was reached and for the overall park, a savings of @ 24% was reached.

4. Traditional park management practices are acceptable given:

1. A cheap source of water.


2. An established labor pool trained in traditional turf management practices.

3. A budget and program designed around a chemical program.

4. An irrigation system that can be programmed to accentuate the benefits of chemical inputs.

5. No budget or personnel cutbacks.

6. A mowing program that can keep the blade length at least two to three inches in length for most of the year. 

5. Using sustainable turf management practices which include compost tea and no chemical inputs the overall turf and soil health are  improved.  This is shown by a comparison of soil and plant analysis.

6. The use of an irrigation inline injector system is an effective way to add liquid nutrients to turf and other park areas.

7. Pollution to creeks and chemical run off onto open asphalt/paved areas such as walkways and tennis courts is minimized as no chemical inputs are used.

8. Turf is more resistant to drought and plant disease by allowing the plant to select nutrients it needs to  combat water shortage or disease conditions.  This is possible because the biology of the soil is one that is beneficial for plant growth. 

9. Turf  height (length) and root growth (length) are related.  However, once a larger root base is established, turf health is affected less by over mowing (Cutting the grass too short.) and by lack of water.

10. Using compost tea to re-establish soil microbiology is an effective replacement for chemical inputs.

11. Setting a water model that waters less frequently but for longer periods effectively keeps a water column of eight to ten inches and gives the roots more area to feed.

.  

Recommendations

1. The City of San Luis Obispo should implement a plan where all parks are taken off a program of chemical inputs and put on a program of sustainable agriculture approaches which use compost tea to:

1. Revitalize soil biology depleted by over mowing and watering and the use of chemical fertilizers..

2. Conserve water needed to keep park turf healthy.

3. Minimize creek pollution due to chemical run off.

4. Insure public safety buy promoting turf untainted by chemical fertilizers..

5. Develop longer root zones, less thatch and healthier plants.

2. The City of San Luis Obispo should implement a service that periodically walks through each and every park and green space.  This service will:

1. Determine that the turf is being watered correctly in accordance with the program.

2. Check sprinkler heads damage and coverage.

3. Test the turf for water penetration.

4. Submit weekly or bi-weekly reports to the Parks and Recreation Department for future action.

This service is meant to work hand in hand with Parks and Recreation and is intended to help the department manage the implementation of sustainable park practices based on the experiment at Islay Park.

3. While the use of compost tea does not eradicate soil salts, it does allow the plant to select the biology needed to ensure health in rising soil salinity.  It is recommended that The City of San Luis Obispo use compost tea in all green areas to combat the effects of salt.  This will become especially problematic when recycled water is used.

4. The City of San Luis Obispo purchase at least one compost tea brewer and train staff in the cultivation of high quality, biologically diverse compost and effective brewing methods.  This should save the City in overall costs of chemicals.

5. It is recommended that the City of San Luis Obispo look at ways to modify the existing irrigation control system so that water is more effectively used by that system.

6. It is recommended that each park have a separate control center so that each park can most effectively manage water needs for each park microclimate.  Alternatively, parts of each park should be taken off of the evapotranspiration model and put on a model designed specifically for the turf areas of that park.

7. The City of San Luis Obispo should make a study of each park, determine water run off and saturation times for different turf areas of each park. After analysis, programs should be developed to effectively manage turf run off and use run off in place of direct irrigation.  This would save over watering and water lost due to surface pooling and evaporation.

8. It is recommended that the City of San Luis Obispo Parks and Recreation Department institute a mowing policy that accentuates root zone growth.  This is a turf height of at lease two and one-half inches for most of the year.  During dormant seasons, the turf length can be reduced.  In the case of sports fields, it is recommended that the turf length be no shorter than two inches.
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