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In 1994, the California Integrated Waste Management Board awarded the City of San Jose, in partnership with the U.C. Cooperative Extension and the City’s three yard trimming processing companies, contractual funds to promote the use of yard trimmings compost and mulch in commercial agriculture.  This program, termed “Agriculture in Partnership With San Jose” ran from June 1994 until March 1997.

Under this program, various tests were performed on different types of agricultural plots, looking at the effects of using ground yard trimmings, semi-mature compost, and mature compost for direct land application.  Tests and on-site demonstrations showed that while yard trimming products may not increase crop yields during a short time period, long term soil quality is improved with the addition of these materials.  Test results show that application of reasonable amounts of yard trimmings products may provide for weed suppression, and that no significant phytotoxic effects or nitrogen immobilization occurred.  

Over the course of the project, markets for yard trimmings products increased.  In spite of increased supply, yard trimmings product values increased and the use of mature compost produced by the three San Jose processors increased by 54 percent.

In addition, during the term of this project, many growers were informed about the beneficial usage of yard trimmings products for agricultural land application.  Many of the concerns that growers have had in the past about these products were allayed.



Introduction

California is faced with increasing pressures to reduce the amount of discards that are disposed of in landfills. Studies indicate that about 30 percent of the materials deposited in California landfills are yard trimmings and food residuals that can be separately collected and processed into soil amendment products.

California farmers produce 50 percent of the nation’s fruits, nuts and vegetables, and as the state moves towards its diversion goal, they provide a natural market for organics diverted from the wastestream.  

San Jose collects over 100,000 tons of source-separated yard trimmings per year.  Located at the south end of San Francisco Bay, it is part of a highly urbanized area that is bordered on the east, south and north by commercial agriculture.  San Jose expanded curbside yard trimmings collection citywide in 1991.  In 1993 the three processors that contract with the City of San Jose to process and market yard trimmings began to market uncomposted yard trimmings to the agricultural sector. Local farmers began experimenting with direct incorporation and on-farm composting of the uncomposted trimmings.   

The California Integrated Waste Management Board (CIWMB) recognizes that as the supply of clean, separately-collected organics increases, the agricultural market for recycled products made from organic materials must be developed.  To this end, the Board awarded contractual funds to the City of San Jose for a technical demonstration project. The City and its yard trimmings processors/marketers provided additional funds for the project.

The goal of the project was to promote the use of yard trimmings compost and mulch in commercial agriculture.  A Project Team was assembled and the project was dubbed “Agriculture in Partnership with San Jose.”  Funding covered a three-year period, which began in June 1994 and ended in March 1997.  



Project Description

The project was two fold in design: (1)  A technical demonstration project in which three types of yard trimmings products (uncomposted, semi-composted, and mature compost) were applied at varying application rates on to local farm fields.  A variety of crops were grown and the results were monitored to determine the agronomic and economic benefits of using yard trimmings products in commercial agriculture.  The technical demonstration project is the focus of the Materials & Methods, Findings, and Conclusions sections of this report; and (2)  An aggressive outreach program designed to increase growers' awareness of yard trimmings products and inform growers on the characteristics and uses of yard trimmings products.  Key aspects consisted of a Growers' Newsletter and  on-farm events to highlight the technical demonstration.  More information on the outreach program is included at the end of this introduction under the heading Outreach and Education, and in Appendix C, entitled Markets for Yard Trimmings Products.

Project Team

The Project Team consisted of City of San Jose composting and market development staff, managers from the three yard trimmings processing/composting facilities, soil science/composting professionals, education/outreach professionals, and scientists from University of California Cooperative Extension.  Yard trimmings product suppliers provided products and delivery to the field trials. Each individual team member's team role is included in the following table. 

Name�Title/Affiliation�Team Roles��Dr. Craig Kolodge�Director U.C. Cooperative Extension, Santa Clara Count�Technical and Outreach Advisor��Dr. Stuart Pettygrove�Cooperative Extension, Dept. Land, Air & Water Resources ResourseResources U.C. Davis�Technical Advisor & Product Evaluation Lead��Will Gehr�Soil Scientist, Private Consulting�Technical Demonstration Lead��Karin Grobe�Organic Recycling Specialist, Private Consulting�Outreach and Education Lead��Alisa Wade�City of San Jose Environmental Services Department�Coordination of Team Members��Ron Ganiats�Marketing, Guadalupe Landfill�Yard Trimmings Product Supplier��Michael Gross�Marketing, Zanker Resource Recovery�Yard Trimmings Product Supplier��Hilary Gans�Marketing, BFI Organics�Yard Trimmings Product Supplier��

Assistance to the Project Team was provided by professionals with expertise in specialized areas.  Matt Werner, Center for Agroecology and Sustainable Food Systems, U.C. Santa Cruz, assisted with orchard mulching trails.  Milt McGiffen, U.C. Riverside, advised on the weed seed experiment.  Clyde Elmore, U.C. Davis, assisted in weed seedling identification.  Tim Hartz, U.C. Davis, advised on tissue sampling protocol.  Diana Tracy, ANTECH, provided assistance in evaluation of pesticide residue analysis results.  Cliff Golden, Naturipe Berries, Watsonville, evaluated fruit for ripeness and quality in the strawberry field trial.  Frank Shields, Soil Control Lab, Watsonville, Jim West, Soil and Plant Laboratory, Inc., Santa Clara, and Robert Butterfield, A&L Western Agricultural Laboratories, Modesto advised on the protocol for product characterization. Wayne Edmunds, S&A  Manufacturing and Welding, Livingston, designed and provided specialized spreading equipment for the orchard surface mulching trials.  

Farm Cooperators

Growers served as Farm Cooperators to host field trials demonstrating use of yard trimmings products.  Growers worked with technical advisors to design field trials for their operations.  Some growers experimented with on-farm composting of yard trimmings.  Farmers dedicated a portion of their land for use in the field trials and took responsibility for material application and incorporation.  Farmers who worked with Agriculture in Partnership included:





Name�Farm and Location�Crops, Projects and Field Trials��George Chiala�Chiala Farms, Morgan Hill�Use of yard trimmings products on strawberries and peppers.��Richard Fiorio�Dan Rich Farms, Gilroy�Use of yard trimmings products on peppers and processing tomatoes.��Paul Hain�Hain & Sons, Tres Pinos�Use of uncomposted yard trimmings on walnuts (surface mulch).��Michael Halperin�Frazier Lake Farms, Hollister�Use of yard trimmings products on radicchio and on-farm composting.��Margie Sieverson�Hoey Ranch, Gilroy�Use of uncomposted yard trimmings on Christmas trees (surface mulch).��Joe Perry�Perry Farms, Fremont�Use of uncomposted yard trimmings on tomatoes (surface mulch).��Mike Ravizza�Ravizza Ranch, Morgan Hill�Use of uncomposted yard trimmings on cherries (surface mulch).��Ralph Riva�Wente Bros., Livermore�Use of yard trimmings products on wine grapes and on-farm composting.��Peter Van Dyke�Van Dyke Ranch, Gilroy�Use of uncomposted yard trimmings on apricots (surface mulch). ��

Outreach and Education

The primary objective of the outreach and education program was to communicate the purpose of the project and the results of the technical demonstration to a three county farming region served by the City of San Jose's processors.  A secondary focus was to inform growers on characteristics of yard trimmings products and potential uses.  Content of the program emphasized farmer-to-farmer communication.  Growers spoke at all events and grower interviews were the basis for many newsletter articles and information bulletins.

The initial mailing list was developed with the assistance of the county agricultural commissioners and U.C. Cooperative Extension.   A telephone message line was established to accommodate receipt of requests for information and additions to the mailing list.  The mailing list grew to over 1,000 listings.

A series of five Growers' Newsletters were developed.  In addition to information about the project trials, they included general information on characteristics of yard trimmings products and agricultural uses for yard trimmings products.  Newsletters were limited to four pages to ensure they would be read by recipients, rather than set aside due to excessive length.

On-farm events were held to introduce growers to the technical demonstrations and increase interest in yard trimmings products.  They were also an opportunity for the processors and other members of the recycling community to interface with the agricultural community. Events were attended by growers, waste managers, farm advisors, processors, soil lab technicians and city representatives.  Most events were held at field trial sites and focused on individual field trials.  

As the project progressed information bulletins were developed to inform growers on various aspects of use of yard trimmings products. Information bulletins included practical details on working with yard trimmings products, details on the physical and chemical characteristics of yard trimming products, and tips on selecting quality products. Information about on-farm composting was incorporated into educational materials as on-farm composting activity increased in the region.  Information on use of yard trimmings products by dairies and greenhouse flower growers, and use of yard trimmings as roadway mulch was also developed.  

Press releases and articles stimulated statewide interest in the project and in agricultural use of yard trimmings products. Articles on the project appeared in California Farmer, BioCycle, Farmer to Farmer, Resource and MSW Management magazines. (See Appendix F for complete listing of articles.)

Finally, a Yard Trimmings Products Use Guide was developed. The target audience for the Guide was growers who were using or considering use of yard trimmings products. The main topic of the Guide was field trial results and recommendations for use of yard trimmings products in row crops, orchards and vineyards.  It also included information on some of the topics covered by the information bulletins and a list of local suppliers of yard trimmings products.  (See Appendix E)



Materials and Methods

This section will summarize the experimental designs, methods, and materials used in the experiments performed as part of this project.  Detailed descriptions of each experiment are contained in the Appendix A. There were five distinct types of experiments.

Product Characterization

The three yard trimmings products were sampled at the processing sites by the technical consultant at regular intervals throughout the year and analyzed at the Department of Agriculture and Natural Resources lab at U.C. Davis for: 

Physical characteristics (dry bulk density, moisture, contamination by rock, glass, plastic, and paper, and particle size distribution).

Viable weed seeds were measured both with small samples, and in one large sample of uncomposted yard trimmings collected in early summer.

Chemical characteristics, including ash, carbon (C), Carbon to Nitrogen ratio (C:N), ammonium-nitrogen, nitrate-nitrogen, total nitrogen (N), phosphorous (P), potassium (K), pH, electrical conductivity (EC), sodium (Na), chlorine (Cl), and the 10 EPA regulated trace elements.

Phytotoxicity, using a protocol involving short-term growth of pre-germinated sunflowers.

A sample of uncomposted yard trimmings was also analyzed by ToxScan (Watsonville) for pesticide residues.  This was compared with past pesticide residue tests from the three city processors.

We did not test for plant pathogens, assuming that spot checks could not be used to draw conclusions about either the presence or lack of these pests.  Yard trimmings are variable, non-homogenized, and we assumed some potential for the presence of common plant pathogens such as: fire blight and erwinia bacteria, and rhizoctonia, pythium, verticillium, and phytophthera fungi.  Field and orchard crops were monitored for symptoms of infection. 

Field Comparative Plant Growth Trials

Trials were designed to compare the growth of plants in soil amended with the three yard trimmings products, as well as unamended soil (control).  The plants grown were radicchio, strawberries, peppers, grapes, and tomatoes.  Five growers were involved with the trials.  All but one of these trials were scientifically designed to include up to five replications and randomized blocks.  All but one trial involved commercial growers who fertilized conventionally, with the exception being the certified organic radicchio grower.  Measurements included plant tissue, plant weight, yield, and soil physicochemical parameters.  Tissue tests focused on nitrogen as the nutrient most often limiting in plant growth.

Potted Plant Comparative Growth Trial

This trial was with radicchio at the Oxford Tract Greenhouse at U.C. Berkeley.  Ten replications of seven treatments (two application rates of each product, plus a control) was performed, and the plants grown for 68 days.  Tissue was analyzed for total nitrogen, and dry top weights compared among treatments.  Plants were transplanted into pots as soon as amendments and soil were mixed, leaving no time for further amendment decomposition before plants were introduced.

Orchard Mulch Trials

Three growers were enlisted to experiment with surface mulching using uncomposted yard trimmings.  In each orchard, approximately six inches of mulch was applied to plots in a replicated,  randomized block design.  These trials are ongoing, and will be extended with minimal monitoring and measurements through 1997.  In a cherry orchard, soil quality, weed suppression, and worm abundance are being measured, and overall tree performance qualitatively evaluated.  In an immature walnut orchard, soil moisture is being monitored down to four feet with gypsum blocks.  Soil quality and tree growth will also be measured.  In an apricot orchard, the focus is on how the mulch impacts earthworm activity, including impacts on an introduced burrowing species, Lumbricus terrestris. In addition, soil quality, tree leaf tissue nitrogen, earwigs, and crop yield are also being monitored and/or measured in the apricot orchard.  

We also experimented with mulch application equipment and techniques, and estimated the costs of mulch spreading.  The equipment used included: (1) a specialized prototype spreader manufactured by S&A Manufacturing and Welding, of Livingston; (2) a standard manure spreader; and (3) low-bed trailers with laborers unloading the mulch onto the ground.

On-farm Composting

Attempts to work with growers to establish on-farm composting trials to test different composting methods were disappointing.  A passively-aerated static pile test was started at the Wente vineyard in March, 1997. 



Findings

The results of the experiments are briefly summarized below. In-depth results are discussed in Appendix A.

Product Characterization

Tables F1-3 (Appendix B contains Excel files) can be requested from AIP staff. Physical characteristics and viable weed seeds are presented in Table F1, chemical characteristics are shown in Table F2, and trace element contents are given in Table F3.  The products are divided into three categories on the left side of the tables: yard trimmings, semi-mature compost, and mature compost.  Sample collection dates (month) is listed along with the source (Browning Ferris Industries , Guadalupe Landfill , and Zanker Road Landfill).

Reviewing the tables, the significant variability in dry-bulk density (Table F1) relates to the heavier mineral component, expressed as percent ash (Table F2).  All three products demonstrated highly variable ash content.  The moisture measurements of the yard trimmings was skewed to the wet side on the BFI samples due to watering during grinding.  This is why the August sample showed 50  percent moisture.  Physical contamination by rock was occasionally significant, due in part to unpaved sites (Halperin farm).  Contamination by plastic, paper, and glass was above one percent by weight only once, and generally well less than 0.5 percent.  

Weed seed viability results (Table F1) show that composting effectively eliminates viability.  Even composting for 30 days usually kills all the seeds (and other viable plant parts).  Uncomposted yard trimmings, in comparison, can have substantial numbers of viable seeds.  The 25.1 plants per kg for the August BFI sample translates into 22,700 viable seeds in a dry ton of yard trimmings.  At application rates of 40 tons per acre, this means that almost a million seeds per acre may be introduced.   The second weed seed experiment, described in the Appendix A, confirmed that the number of viable weed seeds in yard trimmings may be significant.  In this case, a 20 tons per acre application rate yielded 109,000 more weeds per acre than the control.  More important than number of seeds, is the introduction of exotic species.  In the experiment, only hairy nightshade was unique to the yard trimmings plots.  The non-exotic weed species, which included groundsel, filaree, and sow thistle, appeared to be in greater quantities in the yard trimmings than in the control.  However, in the orchard mulch trials, where weeds generally were allowed to grow from the mulch, other exotic weeds observed include bermuda grass and bindweed.

The chemical characteristics of the products (Table F2) reveal that percent C and C:N drop with composting, while ash and pH rise during composting.  Expected seasonal variation in C:N in yard trimmings was not convincingly established.  However, review of many other tests (by processors) does confirm the expected trend of higher C:N in the winter, and lower in the spring/summer. 

Table F4 shows trace element concentrations.  The results generally show that these elements concentrate in the composting process.  Table F5 shows that, while all elements meet EPA sludge standards for unrestricted use, several exceed background levels in typical agricultural soils.  Boron levels are high enough to suggest that high application rates of these amendments might cause problems with boron-sensitive plants (e.g., broccoli). 

The pesticide residue analysis did not reveal any problem residues in the fresh yard trimming sample.  An interpretation of the this analysis, along with those performed over the past two years for the processors, by Diana Tracy of ANTECH (Corbett, Oregon), suggests that “levels of toxins are very low and of no significance assuming that the product is used as a growing medium or a soil amendment”.  This report is located in Appendix G.  Organophosphates have relatively short half-lives, and will dissipate during composting.  Organochlorines are more persistent, and can concentrate during composting.  However, it appears that even organochlorine quantities in the composted products were “too low to be of significance” (Diana Tracy).

Phytotoxic effect of the two relatively uncomposted products was demonstrated in a controlled pot trial with sunflower seedlings.  Using an application rate which represents a 200 wet ton per acre field-use rate of uncomposted and semi-composted yard trimmings, the sunflower seedlings grew only half as large as those in the control and compost pots.

Plant pathogen monitoring in the field and orchard crops revealed no increased or unusual incidence of fungal or bacterial infections.  For the conventionally-farmed crops, any pathogens introduced by the yard trimmings were adequately controlled by the routine pesticides used.

The value of fertility contributions by yard trimmings products can be estimated by using average nutrient contents and assuming conservative availability to crops during the growing season following application.  Table F5 shows that uncomposted yard trimmings have a first year NPK-only value of approximately $3.70 per wet ton, or $148 per acre at a 40 tons per acre application rate.  Similar estimates can be produced for composted yard trimmings at different application rates.  These fertility value estimates do not include subsequent years’ nutrient mineralization and availability, which would be less than the first year, but would add to sizable contributions.



















Table F4: Trace Element Content

Element�Yard Trimmings Products Range�EPA 503 Limits�Agricultural

Soil Levels��Boron�31-69�no limit�10��Cadmium�0.2-3.7�39�0.06��Copper�13-210�1,500�20��Manganese�160-389�no limit�850��Molybdenum�4-10�75�2��Nickel�24-61�420�40��Lead�20-114�300�10��Selenium�0.4-1.0�36�0.5��Zink�76-190�2,800�50��Chromium�14-53�1,200�45��

Table F5: NPK Year 1 Fertility Value of Uncomposted Yard Trimmings

�Nitrogen�Phosphate �Potash��Assumed Content in Yard Trimmings (percent of DM)�1.2�0.5�0.6��lbs/acre Contributed at 40 tpa YT Application 1�672�280�336��Assumed Year 1 Availability to Crop�10%�40%�70%��lbs/acre Available Year 1�67�112�235��Assumed Prices for Mineral Fertilizer ($/lb)�0.40�0.45�0.30��Value of Year 1 Contribution per acre ($)�26.80�50.40�70.50��Total Value of NPK per acre�$148��Value of NPK per Wet Ton of Yard Trimmings�$3.70��Notes:	1. Based on wet weight (assume 30 percent moisture and 75 percent organic matter content)

Field Comparative Plant Growth Trials

The results of the several field trials will be summarized here, with more detailed results accompanied by tables contained in Appendix A.  In general, crop yields were not significantly influenced by treatments. The use of mature compost did not increase yields, nor did uncomposted yard trimmings reduce yields.  Only in the radicchio field trials did yield appear to be negatively affected by the uncomposted yard trimmings, although not significantly.  Similarly, there was generally no difference in tissue nitrate levels.  The only examples of tissue nitrogen being measurably different was with grapes and peppers.  In the grapes, the heavy (170 tons per acre incorporated the first year) yard trimmings application significantly depressed tissue nitrogen.  The peppers amended with yard trimmings products had significantly more tissue nitrogen than the unamended treatment.

Soil analyses have shown that relatively light (10-20 tons) amendment applications, regardless of degree of decomposition, have changed nutrient reserves and soil physical qualities very little.  However, 45-340 tons per acre applications of uncomposted yard trimmings demonstrate elevated levels of all nutrients tested (N,P,K, Ca, Mg, B), cation exchange capacity (CEC), and organic matter.  A non-replicated, soil test at the vineyard one year after application, showed large increases in soil organic matter, CEC, and many nutrients found when comparing the 170 tons per acre yard trimmings treatment with the control.  A second year replicated sampling and analysis of the vineyard soils demonstrated significantly higher nutrient, CEC, and SOM levels only in the 340 tons per acre yard trimmings treatment.  Similarly, soil analysis at the Christmas tree trial site revealed roughly two to three times the nutrients, CEC, organic matter, and salts in the mulched (and later incorporated) treatment compared with the control. 

Weed pressure was noticeably greater early in the growth of some crops, such as radicchio, in the uncomposted yard trimmings treatment.  However, the additional weeds were controlled with standard cultivation and/or herbicide use.  No exotic species other than volunteer squash and tomatoes were recognized.  Weed experts were never brought to the field sites, and it is likely that exotics may have not been recognized if present in their immature state before being cultivated.   

Amendment application costs were estimated to be $8/ton for uncomposted yard trimmings, $6/ton for semi-mature compost, and $4/ton for mature compost.  This assumes that a loader and manure spreader were used at a cost of $25/hour, or $2/cubic yard.  Bulk densities of the three products were assumed to average 500 lbs/cubic yard for uncomposted material, 750 lbs/cubic yard for semi-mature compost, and 1000 lbs/cubic yard for mature compost.  A less expensive spreading option for uncomposted yard trimmings has been used by some growers not involved in the trials.  This involves direct unloading of material into the field by the self-unloading delivery trucks.  There is no cost for this crude spreading, but smoothing of the clumps before discing or ripping is necessary.  Spreading, as well as incorporation, product, and hauling costs are summarized in Table F6.

Table F6: Yard Trimmings Products Cost Comparison

Treatment�Tons / Acre�Spread $/Acre�Incorp. $/Acre�*Product $/Acre�*Haul $/Acre�Total $/Acre��Control�0�0�0�0�0�0��Yard Trimmings�13�104�10�0�39�153��Yard Trimmings�26�208�10�0�78�296��Semi-Mature�9�54�10�0�54�118��Semi-Mature�18�108�10�0�108�226��Mature Compost�10�40�10�150�60�260��Mature Compost�20�80�10�300�120�510��Yard Trimmings**�40�0�20�0�120�140��*Product and hauling cost assumptions:

 - Yard trimmings $0/ton, hauling $3/ton (hauling subsidized by processor).

 - Semi-mature compost $0/ton, hauling $6/ton.

 - Mature compost $15/ton, hauling $6/ton.

**Yard trimmings spread by direct unloading of delivery trailers.  This only works for application rates of 40 or more tons per acre.



Potted Plant Comparative Growth Trial

In this experiment, plant growth was significantly influenced by type and amount of amendment used.  Supplemental fertilizer was not used, so plant response reflected the contribution of nutrients from the amendments relative to the control. The mature compost treatments performed as well as the control, and all the semi-mature compost and yard trimming treatments grew worse than the control.  Higher tissue nitrogen in the yard trimmings treatments suggests that the poorer performance of plants with this amendment was due to phytotoxicity rather than nitrogen immobilization.

Orchard Mulch Trials 

Using several application techniques, the mulch layer cost between $3 and $9.30 per ton to apply.  The prototype spreader did not lay down an even layer, and did not significantly reduce the amount of time compared with more conventional equipment.  In two orchards, the mulch did not appear to adequately suppress weeds, necessitating the orchard managers to mow.  This disappointed the owners, and they plan to incorporate the mulch and resume their clean cultivation practice.  In the cherry orchard, however, weed growth was considerably suppressed, and the owner is continuing to apply  mulch.  Earthworm abundance and biomass increased under the mulch, and their active season was extended.  This suggests an increase in microbial activity and the rate of nutrient cycling in these mulched orchard soils.



Conclusions

The use of yard trimmings products for row crop and orchard production has not resulted in significantly different yields.  This was true for both organic crops and conventionally fertilized crops.  This is not a totally unexpected result, because the slow-release characteristics of these amendments, combined with their known immature (yard trimmings, semi-mature compost) state,  does not contribute significantly to plant nutrition during the first year of use.  Composts are not typically net providers of nitrogen during the first growing season either.  Combined with this is the more than adequate fertilization provided to the crops by the conventional growers, and possibly even by the organic grower.  This would further mask any relatively minor nutritional contribution from the amendments leading to increased crop yield.

The use of uncomposted yard trimmings was accompanied by recommendations that it should be applied the previous fall and allowed to decompose for several months before planting.  When this advice was followed, there was no statistical or apparent decrease in yield.  However, in the radicchio trials, the yard trimmings were applied only days before transplanting, and the results suggest a negative impact on yield.  Delayed maturity, a common symptom of phytotoxicity, was observed.

Increased weed pressure, especially anticipated with the uncomposted or partially composted products, was observed but easily controlled in the field.  Any exotic weeds introduced by the amendments were adequately controlled.  Our results seem to downplay concerns expressed by row-crop growers about the quantity and type of weeds generated by the use of these amendments.  On the other hand, the introduction of problem weeds by uncomposted mulch material in the orchard trials raised some valid concerns by orchardists.   Preserving the mulch layer meant that the weeds were not eradicated by cultivation.  In two out of the three mulch trials, this led to dramatic weed growth in the mulch, and the spread of several problem species.  Two of the three orchardists have opted to incorporate the mulch in order to control the weeds through mechanical cultivation.  The third orchardist has not had nearly as bad a weed problem, and has decided to maintain the mulch and use herbicides if his weed problem intensifies.

Growers’ concerns about possible phytotoxic effects of amendments have not been convincingly borne out.  This is true even though the fresh and semi-composted yard trimmings were shown to cause severe stunting of growth of sunflower seedlings in a controlled experiment.  When heavy applications of uncomposted yard trimmings in the field were quickly followed by transplanting, there was no statistical difference in transplant performance relative to the control.  This was also supported by tissue nitrogen analysis.  These results could be due to the leaching of possible phytotoxic compounds by irrigation water in the top soil horizon.  Nonetheless, it is still prudent cultural practice to delay planting at least four weeks after amendment addition.  Possible phytotoxicity would be minimized by adding amendments the preceding fall and allowing them to decompose over the winter.

Another concern of growers when contemplating the use of these amendments, especially those less decomposed, is that nitrogen will be immobilized.  Except for the heaviest application of uncomposted yard trimmings (170 tons per acre) in the grapes, this was not indicated in our tissue tests, nor in yield differences.  This is a significant finding, in that the use of these amendments in the way demonstrated in these trials does not require additional nitrogen inputs to offset plant nitrogen deficiency.  Moreover, the tissue nitrogen results of the pepper trial suggest that all three yard trimmings products increased plant uptake of nitrogen.  This implies that nitrogen use efficiency may be increased through the interaction of organic amendment and chemical nitrogen inputs.

Increased earthworm abundance and extended seasonal activity was the most apparent change caused by mulching orchards with uncomposted yard trimmings.  This is likely to increase rates of nutrient cycling, and, over time, may have a beneficial impact on tree vigor and yield.  Beneficial soil physical changes will also likely accompany increased earthworm activity over time.  The cost of mulch application was high, and many growers will find it prohibitive.  A pre-plant, soil amending alternative, allowing direct deposition of yard trimmings by the delivery trucks, is much less expensive, and may generate similar benefits.

The trial results show that potential benefit from these amendments lie more in improved soil quality than in short-term crop yield increases.  Additionally, there appears to be no short-term negative impacts in the form of nitrogen deficiency, disease incidence, or uncontrollable weed pressure.  While preliminary soil tests in the vineyard point to increases in soil organic matter and nutrient reserves, future soil tests in selected trial sites will measure any longer-term change in soil quality. 



Recommendations

This project has provided the City of San Jose and its partnering yard trimmings processors with important information regarding the use of various forms of finished yard trimmings products.  It is difficult to determine, however, what the long term benefits of product usage are based on the limited research completed.  It is recommended that further study be conducted to measure the longer term effects of product usage.  

In particular, more research on the cost/benefit of yard trimming product usage is needed.  A limiting factor to wide-spread yard trimming products usage is cost.  In order to convince end-users that the economics of organic soil amendments are viable, specific data on initial costs versus long term gains should be gathered.

Education of possible end-users of the products is a key aspect to increasing markets.  While many farmers and landscapers are becoming more aware of the advantages gained from yard trimming products, many are still unfamiliar or even apprehensive of their use.  It is recommended that further education and outreach be carried on to this end.�Appendix A:  Trial Data





1994 Radicchio Field and Greenhouse Trials

Objectives

These trials were performed to assess the relative impacts of yard trimmings products used by Santa Clara County growers.  The three products are: (1) uncomposted yard trimmings (YT), (2) 30 day-old composted yard trimmings called semi-mature compost (SMC), and (3) 90 day-old compost  plus a 30 day minimum of curing, called mature compost (MC).

Methods

Field Trial

The field trial contained three replicates each of seven treatments in a random plot design:

control�20 wet tpa SMC��20 wet tpa YT�5 wet tpa MC��40 wet tpa YT�10 wet tpa MC��10 wet tpa SMC���

Plots were three beds wide with sampling only in the middle bed to minimize border effect.  Triplicate samples of materials were analyzed and materials were applied to plots on August 12, 1994. The target application rates were not matched exactly, however the proportions were approximately equal.  Radicchio transplants (30-day-old) were set on August 19.  Twenty petiole samples were collected in each plot 48 days later on October 6, dried and analyzed for nitrate.  Plants were harvested on November 21 (94 days in ground) and the weight of 50 random heads from each plot, as well as, the weight of all mature heads harvested were measured.  Three sample heads from each plot were quartered and one quarter sent fresh to A&L Western Laboratories for nitrogen analysis.  This crop was grown without conventional fertilizer, but the whole field did receive an organic nitrogen source as an early season side dressing.

Greenhouse Trial

The greenhouse pot trial used soil collected from the edge of the radicchio field and thoroughly mixed before making up pots.  The trial was started on October 3, 1994 before analysis of the amendments was available.  Hence, it was assumed that the three amendments all had 1.8 percent total nitrogen.  Application rates were not the same as in the field experiment, or in any case, because the field application rates were rather unspecified, a comparison should not be attempted between the field and greenhouse trials.  The two rates used in the greenhouse assumed that radicchio plants require 160 pounds nitrogen per acre, and that either 10 percent or 30 percent of total nitrogen would be available during the growing season.  At 30 percent available, an equivalent of 14.8 dry tons of amendment per acre was used.  At 10 percent available, 44 tons per acre equivalent was used.

There were 10 replications of each of seven treatments:

MC 14.8 dry tpa equivalent�SMC 44tpa��MC 44 dry tpa�YT 14.8tpa��SMC 14.8	�YT 44tpa���Control��

Transplants (30-day-old) were set in five inch pots with soil/amendment mix and watered twice a day.  Plants were harvested at 68 days because they were getting large and rootbound in the five inch pots.  All heads were dried and the 10 in each treatment were paired for weighing followed by total nitrogen analysis.

Results

The means from the mid-season field nitrate test, harvest tissue nitrogen test, and radicchio head weight measurements are contained in Table RFG1.

Field observations revealed that skips were more prevalent in the plots that received the heavier applications of green soil amendment (GSA) GSA and SMC.  This is presumably due to the transplants drying out where the roots were predominantly in the amendment rather than in the soil.  Incorporation of the 40 tons per acre and 20 tons per acre amendments was incomplete and much material was left at or near the surface.  Transplanting was done in very hot weather, and irrigation was delayed for two to three days after transplanting.  The plant losses are thought to have resulted from water stress, but uprooting by sticks caught in the cultivators may have been a contributing factor.  No measure of the linear feet of skips/plot was made. 

Mean weights of the greenhouse pot paired plants and harvested tissue nitrogen results are presented in Table RFG2.  Two treatments, the YT 14.4 and the MC 44 had higher tissue nitrogen than the control, and 44  MC and the control had the highest harvested dry weight.

Table RFG1: Mean Comparisons of Tissue Tests and Yield Measurements of Field-Grown Radicchio

Treatment�Tissue Nitrate (ppm) at 48 days�Tissue Nitrogen (%) at Harvest�Weight of 50 Heads (lbs)�Weight of all Heads Harvested (lbs)��Control�4213�2.82�24.25ab�92.0ab��YT at 20tpa�4873�2.84�24.67a�99.3a��YT at 40tpa�4512�2.78�22.67ab�67.3ab��SMC at 10tpa�4056�2.87�23.17ab�74.7ab��SMC at 20tpa�3360�2.51�19.83b�52.7b��MC at 5tpa�2645�2.82�22.17ab�77.3ab��MC at 10tpa�3866�2.60�23.17ab�83.0ab��Level of Significance�NS�NS�0.119�0.102��

Table RFG2: Comparisons of Tissue Tests and Yield Measurements of Greenhouse Radicchio  

Treatment�Total Nitrogen (%)�Dry Top Weight of 2 Plants (g)��Control�2.61ac�6.30a��YT at 14.4tpa�2.30ab�3.40bc��YT at 44tpa�3.02cd�2.85bcd��SMC at 14.8tpa�2.09b�2.88bcd��SMC at 44tpa�2.42abcd�2.01c��MC at 14.8tpa�2.35ab�4.36abd��MC at 44tpa�2.72acd�5.52a��Level of Significance�0.01�0.05��Discussion

At a five percent level of significance, there were no significant differences observed among treatments in the field trial, either in tissue nitrogen or in crop yield.  This points to the amendments not supplying nor tying-up significant amounts of nutrients compared with the control.  The total weight of plants harvested was not a reasonable measure of total productivity per plot, because relative maturity was a factor.  In fact, this measure was more of maturity timing than of productivity.  The fact that the 20-40 tons per acre YT plots had significant skips means that maturity may have been earlier in these plots due to greater spacing and nutrient and water availability.  In this way, the lack of exceptionally low yields in the YT plots can be explained.

It can be inferred that the background fertility of the soil, which had a recent history of multiple manure applications, was adequate and may have masked any differences in mineralization rates among the treatments.  However the trial may have shown that significant immobilization also did not occur.  In addition, there did not appear to be any phytotoxic effect in the YT plots, even though the plants were set into the field only one week after the amendments were applied.

The greenhouse trial results exhibited definite treatment differences.  Harvested plant weights showed that, at the five percent level of significance, both MC treatments did as well as the control, MC 44 did significantly better than either of the SMC and the YT 44 treatment, and all the SMC and YT treatments did significantly worse than the control.  Within both the SMC and YT treatments, the higher rates did worse than the lower rates, but not significantly at the five percent level.

The nitrogen results appear to show most significantly that the YT 44 treatment led to significantly higher tissue nitrogen levels, compared with MC 14.8, SMC 14.8, and YT 14.8.  This suggests that the lower harvest weights for YT and SMC were due to phytotoxicity rather than nitrogen immobilization. 



Weed Seed Experiment 

Objective

To measure and identify the viable seeds in yard trimmings.

Methods

The design of the experiment consisted of three non-replicated treatments: 1/2 inch yard trimmings, 1/2 inch tree trimmings, and a control.  On August 27, 1995, at the Bay Area Research and Extension Center in Santa Clara, 10 cubic yards of each material were spread by hand and disced lightly to increase soil contact.  Within the 6500 square foot plots, five-meter square subplots were set diagonally from corner to corner.  Overhead sprinklers were used to keep the seedbed at optimal moisture for germination.  Two samplings of plant growth within the subplots were taken (the first at 27 days and the second at 43 days).  Plants were completely pulled when possible to eliminate re-sprouting, identified and quantified by species, and dry biomass measurements taken of each species.  Germinating plant species were identified in the whole plot areas during the trial to assess possible introduction of exotic species.

Results

The number of plants by species found on the first and second sampling date are contained in Table W1.  Table W2 shows the mean number and dry weight of weeds for each  treatment and for each sampling.   In the first sampling, purslane was a very prolific germinator, and its weight is displayed separately. 

An evaluation of the entire treatment areas at the end of the experiment revealed no exotic species introduced by either the yard or tree trimmings.



Table W1: Total Number of Plants in all Subplots for each Treatment for the First and Second Samplings 

Weed Species�Control�Yard Trimmings�Tree Trimmings���First

Sampling�Second Sampling�First Sampling�Second

Sampling�First Sampling�Second

Sampling��Purslane�417�17�454�42�260�35��Groundsel�4�12�8�68�4�34��Barnyard Grass�0�11�8�1�5�7��Shepard’s Purse�74�78�82�143�129�69��Sub Clover�6�8�8�18�3�7��Whitest Filaree�2�0�26�40�19�10��Malva�19�11�7�15�2�1��Chickweed�1�0�2�0�2�0��Annual Bluegrass�1�27�1�31�0�23��Bindweed�2�1�0�9�0�10��Pigweed�32�0�2�0�1�0��Wild Barley�9�0�1�0�6�0��Hoary Crabgrass�140�0�0�0�0�0��

Table W2: Treatment Means of Both Samplings

�Control�Yard

Trimmings�Tree

Trimmings�Level of Significance��Sampling #1:

Mean Number of Weeds�147.6�138.2�98.6�NS��Sampling #1:  Mean Dry Weight of Weeds Except Purslane (g)�2.2�11.7�3.4�NS��Sampling #1: Mean Dry Weight of All Weeds (g)�19.6b�82.7a�44.0ab�0.05��Sampling #2:

Mean Number of Weeds�33a�69.6b�36.8a�0.05��Sampling #2: Mean Dry Weight of all Weeds (g)�1.8a�8.0b�3.5ab�0.05��

Discussion

Assuming that the yard trimmings and tree trimmings may increase the number of viable seeds relative to the control, relevant questions are whether or not it is a significant increase and what species are they.

The first sampling after 27 days yielded the highest number of weeds and widely ranging treatment means (Table W2).  However, the erratic numbers of purslane throughout the treatments created large standard deviations and prevented a meaningful comparison of treatments.  The control had the largest number of germinating weeds, and this may suggest that the yard and tree trimmings both had an inhibiting impact on seed germination.  However, when we review the dry weight means, the yard trimmings produced the highest value both with and without purslane.  In fact, for total weeds, yard trimming weeds had significantly higher weight than the control weeds (82.7 vs. 19.6 grams).  This suggests that if in fact there was an inhibitory effect on germination, the inhibition did not extend throughout the 27 day growing period.

The second sampling measured the number and weight of weeds germinating between days 27 and 43.  The significantly higher number for the yard trimmings may imply that the earlier inhibition had lessened and the greater number of seeds present are germinating.  More than twice as many weeds germinated in the yard trimmings plots than in the control plots.  The yard trimmings' higher number of weeds correlated with its higher weed weight.

The tree trimmings seemed to have had an even greater phytotoxic effect on the germinating seeds.  However, this effect seemed to be wearing off by the second sampling.

Totaling the average number of weeds germinating in the meter square plots in both samplings we get:

		Weeds/Meter-Square

Control			180.6

Yard Trimmings 		207.8

Tree Trimmings		135.4 



The average yard trimmings plot produced 27 more weeds.  Extrapolated to an acre, this amounts to 109,000 more weeds, or about 15 percent more weeds than in the control area.

Barnyard grass was found only in the yard and tree trimmings plots.  Because it is unlikely that the tree trimmings contained any weed seeds, one could conclude that the seeds were pre-existing on the site and not contributed by either the yard or tree trimmings.  On the other hand, hairy nightshade was found only in one yard trimmings plot (only one plant was found), suggesting that the yard trimmings contributed at least one species that was exotic to the site.  Other species which appeared to be in significantly greater quantities in the yard trimmings than in the control plots were groundsel (8 vs. 4 plants), filaree (26 vs. 2), and sow thistle (91 vs. 30).  Agricultural sites which have eradicated these species maybe adversely affected by their introduction via yard trimmings.

Other common weed species were less plentiful in the yard trimmings plots relative to the control plots (malva, pigweed, wild barley, and hoary crabgrass).  The results may be more important for the weeds that were not introduced by the yard trimmings.  No hoary crabgrass or bermuda grass germinated in the yard trimmings plots.  We cannot conclude that these seeds did not exist in the yard trimmings, only that they did not germinate in the time-frame of the experiment.  It is also possible that repeating this experiment at another time of year would reveal different weed species.



Radicchio (1995)

Objective

To measure the influence of yard trimmings amendments on the growth of radicchio.





Materials and Methods

A trial was designed using two application rates of each of the three amendments plus a control.  Actual application rates varied somewhat from the target rates due to the cooperator’s desire to maximize efficient use of the spreader.  This led to application rates of: YT at 15 and 30 tons per acre; SMC at 10 and 20 tons per acre; MC at 13 and 26 tons per acre; and a control (no amendment).  The design included three replicates of randomized plots of three rows of radicchio each.  

Material was applied May 15-16, 1995 on the trial area at the Wolney Ranch in Gilroy with a Zetor drag chain and beater manure spreader on top of permanent beds.  It was decided to rototill and reshape the beds due to the approximately one-inch thick layer of yard trimmings on some plots.  Normally, lesser amounts of amendments can be incorporated with a rolling cultivator.  Radicchio was transplanted into the beds on two days later on May 18 and irrigated the same day.  Tissue tests were done at 45 days and at 66 days, and heads were harvested at 66 days .

This was an organically certified crop, and the grower relied on residual fertility and the applied yard trimmings products to supply nutrients to the crop.

Results and Discussion

The grower observed that both weeds and the radicchio transplants grew more slowly at first in the plots amended with yard trimmings.  This suggests a phytotoxic effect of the uncomposted amendment.  It did not appear that skips were more prevalent in the yard trimmings plots.

Tissue test results are presented in Table R1.  The two tissue tests revealed great variability within treatments and no trends or significant differences among treatments.  This suggests neither greater supply nor inhibition of nitrogen availability to the crop due to any of the amendments.  This is somewhat surprising, given the relatively un-decomposed state of the YT and SMC products.  In fact, the 45 day nitrate results show that the higher application rates of both SMC and MC, but not YT, decreased tissue nitrate.

Table R1: Radicchio Tissue Test Results

Nitrate (ppm) at 45 days�% Nitrogen at 66 days��4340�3.42��4797�3.61��5098�3.43��4701�3.63��2673�3.39��5064�3.45��3483�3.38��NS�NS��

Measurement of yield (Table R2) showed that average head size was somewhat smaller in the two yard trimmings plots, and slightly larger in the plots receiving mature compost, although not significantly so.  This suggests that the raw amendment may have delayed growth.  Total weight harvested was somewhat less in the yard trimmings plots, implying a delay in maturation.  These are non-determinate plants, and this was the first of three pickings. 

Table R2: 1995 Radicchio Yield - Fresh Weight of Harvested Heads

Treatment�Total Weight/plot (lbs)�Weight per 50 Heads (lbs)��Control�55.3�28.3��YT at 20tpa�46.0�26.0��YT at 40tpa�40.6�27.0��SMC at 10tpa�55.7�29.3��SMC at 20tpa�40.6�27.3��MC at 13tpa�53.3�29.3��MC at 26tpa�48.0�29.3��Level of Significance�NS�NS��

Cost of Amendment Use

Amendments were spread with a Zetor manure spreader with a capacity of  four cubic yards.  A two cubic yard  bucket loader was used for loading the spreader, and it took about 20 minutes to load and spread each load.  Assuming the equipment cost was $25/hour, including the operator, the cost per load was about $8, or about $2/cubic yard of amendment. Product and delivery cost assumptions are given in Table R3.

Table R3: Cost of Using Yard Trimmings Products

Treatment�Tons / Acre�Spread $/Acre�Incorp. $/Acre�*Product $/Acre�*Haul $/Acre�Total $/Acre��Control�0�0�0�0�0�0��Yard Trimmings�13�104�10�0�39�153��Yard Trimmings�26�208�10�0�78�296��Semi-Mature�9�54�10�0�54�118��Semi-Mature�18�108�10�0�108�226��Mature Compost�10�40�10�150�60�260��Mature Compost�20�80�10�300�120�510��*Product and hauling cost assumptions:

 - Yard trimmings $0/ton, hauling $3/ton (hauling subsidized by processor).

 - Semi-mature compost $0/ton, hauling $6/ton.

 - Mature compost $15/ton, hauling $6/ton.

(Bulk Density Assumptions: YT=500lb/CY, SMC=700lb/CY, and MC=1000lb/CY)



Peppers (1995)

Objective

To measure the influence of yard trimmings amendments on the growth of peppers.

Materials and Methods

The field pepper trial was a replicated, randomized plot design with four treatments: control, YT at 40 tons per acre, SMC at 30 tons per acre, and MC at 20 tons per acre.  Amendments were applied in May 1995 with a small bucket loader, which left one to twofoot high clumps, then disced into the soil before beds were formed.   Metla Halapenas were mechanically transplanted several days later.  Slow release fertilizer was placed in the plant row, and fertigation was used to supply nutrients thereafter.  Two tissue tests were performed at 48 and 88 days.  Plant and fruit dry biomass, as well as number of fruit per plant were measured just before commercial harvest.  On September 7, 1995, three randomly selected plants per plot were cut and dried.  

Results and Discussion

The method of application (tractor-loader) unevenly distributed the materials within the plots.  Discing in two, opposing directions appeared to adequately incorporate the SMC and MC, but not the YT.  Bed forming tended to heap the YT onto the surface as much as four to five inches deep. The lack of incomplete incorporation of the yard trimmings led to increased solar stem burning, due to either or a combination of the following: (1) non-vertical placement of the transplants by the mechanical transplanter or (2) greater reflection from the light colored YT.  Stem burning was prevalent in the control plots as well, but rarely reached critical levels as in the YT plots.  Mortality was approximately 80 percent where surface YT was several inches thick.  This experience points out the importance of complete incorporation of materials before transplanting.

Tissue testing yielded interesting results, which are presented in Table P1.  Nitrate analysis of petioles sampled at 48 days showed that the amendment treatments all had higher Nitrate levels than the control, but not significantly more, even at the p=0.1 confidence level.  Tissue analysis of total nitrogen at 88 days revealed that all amendment treatments contained significantly more nitrogen than the control.  This suggests that the additional organic matter, regardless of the state of decomposition, made more nitrogen available to the plants during the first two months of growth.  Some researchers have suggested that the mechanism of this synergistic effect of organic plus chemical amendments is a more efficient metering of chemical nitrogen by the organic fraction. 

Table P1: Tissue Nitrate and Nitrogen in Peppers

Treatment�Nitrate (ppm) at 48 days�% Nitrogen at 88 days��Control�1178�3.06a��YT at 40tpa�1336�3.73b��SMC at 30tpa�1238�3.62b��MC at 20tpa�1226�3.79b��Level of Significance�No Significance�0.05��

No exotic weed species were observed in the amendment plots relative to the control plots, and no standard cultivation and in-row weeding adequately controlled weeds in all treatments.  

Plant and fruit dry biomass results are presented in Table P2.  The variability within treatments prevented significant differences among treatments.  Variability was especially high within the yard trimmings treatment, probably due to the influence of the stem burning on otherwise healthy plants.  Although not significantly different, it appears that SMC top dry matter lagged behind the other treatments.  Both number of peppers per plant and total pepper dry matter per plant appeared to be lower for both the SMC and YT treatments.  The compost treatment had the highest yield per plant.  All treatments had similar average pepper dry weights, ranging from 0.19g to 0.22g.

The field exhibited non-uniform plant health/growth in a band running across the trial site which undoubtedly influenced the results.  These peppers are generally harvested at least twice, but for this experiment, a single harvest was simulated.  This can lead to confusing interpretation of data, in that total pepper yield is influenced by crop maturity.  If the amendments delay maturity, then total eventual yield may be misrepresented.

In general, the less decomposed amendments appear to have caused reduced growth and fruit yield compared to the control and compost treatments, although the differences were not statistically significant.  The higher tissue nitrogen levels of these amended plants suggests that other factors contributed to this decreased growth and crop yield.  This may point to a phytotoxic effect that the less decomposed amendments had especially during the earlier part of the growing season.

Table P2: Pepper Plant and Fruit Dry Matter

Treatment�Top Dry Matter �# Peppers/Plant�Pepper Dry Matter/Plant �Ave. Dry

Matter/Pepper��Control�246�382�74�0.19��YT at 40tpa�235�272�54�0.20��SMC at  30tpa�188�255�52�0.21��MC at  20tpa�266�372�82�0.22��Level of Significance�NS�NS�NS���

Strawberries (1995)

Objectives

To measure the influence of compost application to the performance of strawberry plants and the quality of the fruit.

Materials and Methods

 Amendments were applied after fumigation in July 1994.  Treatments were a control, five tons per acre of MC, and 10 tons per acre of MC.  MC from Zanker Landfill was applied with a small tractor loader, and smoothed by hand.  Three replications of each treatment were randomly sited.  Plots each consisted of three 64-inch wide by 650-foot long beds, with sampling taking place only in the middle beds.  Normal cultivation and listing procedures were used throughout the trial area, and the plants were set in August.  Aggregate (non-replicated) petiole tissue samples from each treatment was analyzed for nitrogen at mid-season.  Fruit yield was measured by counting the number of flats harvested in each of the plots’ middle beds.   Fruit quality was assessed by Cliff Golden of NatureRipe twice during harvest.

Results and Discussion

During the wet winter of 1994-95 the field experienced some ponding in several low areas.  The saturated soil affected the growth of the plants in the trial area.  No differences in growth of plants could be observed among the three treatments.  No difference in weed incidence was observed, implying the elimination of viable weed seeds in the compost used.  

A review of the petiole analysis in Table S1 shows that all treatments had below optimum tissue nitrogen and phosphorus levels.  There were no appreciable differences in most of the levels of elements, however boron levels rose with increased compost use. The trial did not produce any significant differences in fruit yield (Table S2).  The water drainage problem and a poor general strawberry season may have masked any possible amendment influence on yield.  Quality assessments indicated greater firmness in the 10 tons per acre compost treatment berries relative to the control, indicating a more controlled water draw by the plants in these plots.  As Cliff Golden of Naturipe Berry Growers explained, this is potentially a significant finding in that the compost berries could be expected to arrive at their destination in better condition than berries grown without compost.

Table S1: Mid-season Petiole Analysis

Constituent�Control�Compost at  5tpa�Compost at 10tpa�Optimum Range��Total Nitrogen (%)�1.3�0.95�1.1�2.50-4.0��Phosphorus (%)�0.16�0.15�0.13�0.25-1.0��Potassium (%)�2.8�2.2�2.3�1.30-3.0��Calcium (%)�1.8�1.6�1.6�1.0-2.5��Magnesium (%)�0.32�0.28�0.35�0.25-1.0��Sulfur (%)�0.20�0.20�0.15�-------��Copper (ppm)�19�21�18�6-50��Zinc�200�48�48�20-200��Iron (ppm)�160�88�160�50-200��Manganese (ppm)�60�72�80�50-200��Boron (ppm)�12�16�20�23-50��Sodium (ppm)�120�88�84�------��Chloride (ppm)�1690�1770�980�------��Nitrate (ppm)�1411�1418�782�------��

Table S2: Strawberry Yield Treatment Means (# flats)

Treatment�First Sampling�Second Sampling���Eating Berries�Juice Berries�Total Yield�Total Yield��Control�1.2�0.93�2.2�8.1��Compost at 5tpa�0.70�0.83�1.5�7.3��Compost at 10tpa�0.95�0.73�1.7�8.1��At 0.10 Sign.�NS�NS�NS�NS��

Wine Grapes

Objectives

To measure the influence of yard trimmings amendments on the grape yield and quality, soil quality, and mid-summer vine water stress levels.





Materials and Methods

The eight treatments used in the trial are listed below: 

Control

Conventional fertilizer (130 lbs/acre 46-0-0 urea)

Yard trimmings and grape pomace compost at 10 tons per acre

Yard trimmings compost at 10 tons per acre

Yard trimmings incorporated at 10 tons per acre

Yard trimmings incorporated at 45 tons per acre

Yard trimmings mulch at 170 tons per acre



Four replications of each treatment were randomly sited in a Chardonnay block of 42.4 acres.  Plot size was 0.85 acres.  The composted products were applied during July 1994, while yard trimmings were applied on treatments five and eight in August, 1994 and the five inches of mulch was applied by November, 1994.

In May, 1995 during normal discing of weeds, the mulched plots were also accidentally disced.  This thoroughly incorporated the five inch mulch, thus dramatically changing this treatment.  Additional mulch was applied in September 1995.  Existing large malva plants were not killed before mulch application and were growing through the mulch layer.   This mulch was subsequently disced into the soil during the summer of 1996.  This means that treatment number six received 300-350 tons of yard trimmings which were incorporated into the soil within two years.

The amendments were applied with a large capacity manure spreader.  A crawler-loader was used to load the spreader.  Tractor, spreader, and labor time required for spreading of materials were recorded by the operator.  Petioles were sampled (30 per plot of petioles opposite basal cluster) and analyzed twice in 1995 (bloom and verasion) and once in 1996 (verasion).  Brix tests were performed on the fruit just before the 1995 harvest.  Water stress was measured several times using an infrared scanner during the summer of 1995.  

Grape yield in 1995 was measured by weighing the harvest and counting the healthy, producing vines in each plot.  By mistake, the manager did not segregate treatment replicates, but instead lumped replicates together.  This did not allow statistical evaluation of the yield results.  In 1996, the manager neglected to measure yield, but plans to measure replicates in 1997.

Pruning weights were measured for each replicate in December, 1996.  Prunings from 10 healthy vines were weighed in each plot.  Soil was tested in the mulched and control treatments (non-replicated) in November, 1995.  Soil of three replicates of each of four treatments was tested again in February, 1997.  Soils were sieved to two millimeters (mm) before analysis to remove stones and larger particles of organic matter.  This prohibits much of the un-decomposed residues from contributing to the nutrient and organic matter analyses.

Results and Discussion

The spreader did an adequate job of applying the compost and the lighter applications of yard trimmings, but left the mulch uneven and in need of smoothing with a drag-tooth or chain harrow.  The other drawback of the beater-type spreader was that it placed the majority of material in the aisle, and not under the vines.  

The amendments were delivered free to the vineyard.  The manager estimated that the cost of spreading each cubic yard of amendment was $0.625.  This translates into $2.50 per ton for spreading yard trimmings, and $1.25 per ton for spreading compost.  Table WG1 contains a summary of the amendment, application, and total costs.  The moderate YT application rate is less expensive than the 10 tons per acre compost application, and both mulch applications are much more expensive.

Table WG 1: Cost of Yard Trimmings Amendments and Application

Treatment�Amendment $/ton�Amendment

$/acre�Application $/ton�Application

$/acre�Total Cost

per acre��10tpa Compost�16�160�1.25�12.50�172��45tpa YT�0�0�2.50�112.50�112��170tpa YT�0�0�2.50�425�425��340tpa YT�0�0�2.50�850�850��

Tissue test results from the three samplings are given in Table WG2.  The first tissue test (May 1995) revealed significantly higher (at p=0.05) nitrogen in the control plants than in all treatments except Wente's pomace  plus YT compost.  None of the plots had received nitrogen fertilizer, and this suggests nitrogen immobilization due to most of the amendments.  The second petiole sampling in August 1995 revealed insignificant differences in nitrate levels, but all the amended treatments had higher levels than the control.  The urea amended treatment (60 lbs. per acre nitrogen applied in June, after the first tissue sampling) was highest, followed by the 40 tons per acre of yard trimmings.  These results suggest that nitrogen was immobilized early in the season and was made more available by August in the organic amended plots.  The May 1996 sampling displayed higher total nitrogen values than in May 1995, and more uniformity among the treatments.

Table WG2: Petiole Analyses

Treatment�%Total Nitrogen

May 1995�Nitrate (ppm)

August 1995�%Total Nitrogen

May 1995��Control�1.69a�728a�2.59��Fertilizer (60 lbs/a N)1�------�1,371b�2.43��YT + Pomace Compost at 10 tpa2�1.39ab�821ab�2.62��YT Compost at 10tpa�1.27b�1,142ab�2.20��YT Incorp. at 10tpa�1.28b�1,221ab�2.28��YT mulch 

at 170-340tpa3�1.25b�1,077ab�2.42��YT incorp. at 45tpa�1.18b�1,268ab�2.32��Level of Significance�0.05�0.05�NS��Values in column with different letters signify significant difference at p=0.05.

1. Urea applied June 1995.

2. tpa = tons per acre

3. This treatment started with 170 tpa mulch which was then incorporated in 5/95; additional mulch applied 11/95, and this was incorporated in 6/96.



Grape yield and pruning weight results are presented in Table WG3.  Harvested grape weights were measured by Wente employees on September 9, 1995.  Unfortunately, in the rush of harvest, individual plot weights were not taken, eliminating the opportunity to perform statistical analysis on the results.  The 340 tons per acre mulched/incorporated treatment had the highest yield per vine, but no trends are noticeable.  Statistical analysis of pruning weights revealed no significant differences, but suggests an upward trend based on level of input.  The 340 tons per acre YT had the highest pruning weight, followed by the 45 tons per acre YT, nitrogen fertilized, 10 tons per acre compost , and the control, which received no fertility inputs.  Pruning weights are an indicator of amount of vegetative growth, which is directly correlated to the availability of nutrients, especially nitrogen.  This suggests that mineralization of organic nutrients in the yard trimmings amended plots has increased vine growth.

Table WG 3: Grape Yield and Pruning Weights (lbs per vine)

Treatment�1994 Grape Yield1

�December 1996

Pruning Weight2��Control�12.64�2.77��Fertilizer (60 lbs/a N)�12.43�2.95��YT + Pomace Compost at 10 tpa1�12.99�-----��YT Compost at 10tpa�10.82�2.68��YT Incorp. at 10tpa�12.64�-----��YT mulch 

at 170-340tpa2�13.90�3.41��YT incorp. at 45tpa�12.22�3.47��1. No statistical analysis due to lack of replicated measurements.

2. No significant differences at p=0.10.



The water stress measurements with the infrared scanner exhibited high variability, and never indicated a significant difference among the treatments.  There is some question about the use of this tool for research purposes.  It is more generally used to assist growers in deciding when to irrigate.

A brix test was performed on the grapes twice before the 1995 harvest.  Many factors determine brix level, one being degree of hydration (the more water retained in the grape, the lower the relative sugar content).  The first analysis showed no significant differences in brix among treatments, although the treatments with 40 and 170 tons per acre of YT had the lowest brix levels.  This suggests that these plants were less water stressed.  A second analysis three weeks later did not reveal a similar trend.

The vineyard manages weeds with a heavy, aggressive set of disks.  Weeds are allowed to grow all winter as a green manure crop, and are incorporated in the spring.  There was no observed difference in the quantity or species of weeds in any of the treatments relative to the control during the first two years.  The only exception was the mulched treatment, which had somewhat less growth during the winter, and considerably more growth during the summer.  In year two, more YT were applied to the mulched plots, and the second summer weeds grew through and from the mulch and covered approximately 70 percent of the ground area.  It was observed that weeds (especially malva) were not adequately killed before the mulch was applied. By the next winter, the weed coverage over the mulch was close to 100 percent.  

In the late winter/spring of 1997, fewer weeds were observed in the treatments receiving the amendments relative to the control.  This may be due to altered nutrient balance, which has been shown to have an impact on weed germination and growth.  For instance, if calcium levels were increased, mustard, a deep soil calcium miner, would not be as prevalent.

Aggregate (non-replicated) soil samples taken from the control and 170 tons per acre mulched plots in November 1995 revealed large differences in organic matter percentages, available nitrogen, CEC, and nitrate among other nutrients as shown in Table WG4.   This was about one year after the amendments were applied.  The February 1997 soil analysis was performed with replicates, and the treatment means are presented in Table WG5.  The 340 tons per acre yard trimmings treatment showed significantly higher levels of NPK, organic matter, calcium, magnesium, and several trace minerals.  Interestingly, neither the 10 ton per acre MC and 45 ton per acre YT treatments showed significantly different levels of nutrient from the control.  

The dramatically higher level of soil organic matter in the 340 tons per acre YT treatment may not endure.  Even though the sample analysis included sieving to two millimeters, it is likely that a portion of the organic matter is still in a relatively un-decomposed state, and that some of the carbon will be oxidized.  However, it has been estimated that approximately 17 percent of organic residues incorporated into soils end up in the long-term carbon pool (humus).  Using this estimate, if we assume that there 1,000 tons of soil per acre in the top eight inches, then:	(0.17 x 340tpa OM)/1,000tpa soil = 5.8 percent SOM

This calculated net increase in SOM of 5-6 percent is close to the difference between the control (3.18 percent) and 340 tons per acre yard trimmings treatment (9.33 percent) measured in the February 1997 soil analysis.  However, it is unlikely that the SOM has reached a steady state in the amended treatment, and future monitoring will likely reveal a gradual decline in SOM.  

Table WG4: November 1995 Soil Test

�Control�Mulch��Organic Matter (%)�3.4�6.6��Cation Exchange Capacity Meq/100g�7.3�10.5��Phosphorus (ppm)�75�128��Potassium (ppm)�472�1050��Magnesium (ppm)�252�317��Calcium (ppm)�710�970��Sodium (ppm)�31�83��Nitrate (ppm)�4�77��Sulfur (ppm)�8�14��Zinc (ppm)�3.3�8.2��Manganese (ppm)�17�23��Boron (ppm)�2.5�5.2��Soluble Salts (mmhos/cm)�0.2�1.1��pH�6.7�7.0��% Water Saturation�37.51�45.75��











Table WG5: February 1997 Soil Test

�Control�Compost

10 tpa�YT 30 tpa Mulch + Incorp.�YT 45tpa�Level of 

Significance��Organic Matter (%)�3.18a�4.61a�9.33b�3.57a�0.01��Nitrogen (%)�0.16a�0.18a�0.47b�0.18a�0.01��CEC ( Meq/100g)�11.4a�11.6a�22.16a�10.9a�0.01��Phosphorus (ppm)�42.3a�52.7a�101b�45a�.001��Potassium (ppm)�351a�377a�623b�341a�0.01��Magnesium (ppm)�342�366�707�366�0.01��Calcium (ppm)�10.7a�10.1a�17.5b�9.9a�0.01��Sodium (ppm)�17.7�15.4�25.2�8.51�NS��Sulfur (%)�<0.01�<0.01�0.02�<0.01�NS��Boron (ppm)�0.57a�0.63a�2.63b�0.63a�0.0001��Soluble Salts (mmhos/cm)�0.73a�0.70a�1.1b�0.70a�.008��pH�7.2�7.3�7.4�7.4�NS��Note: Values within row followed by different letters are statistically different at p=0.05 level of significance.

Conclusions

There were no meaningful differences in vine growth or grape yield among the treatments, although year two yield was not measured.  Soil improvements were measurable after just one year, and were present only in the 340 tons per acre YT treatment in year two.  It is difficult to place a value on these, other than by measuring crop performance.  In the opinion of the cooperator, the high cost of the mulch application makes it impractical.  This cooperator, instead,  chooses to incorporate 100-200 tons per acre of YT into soil before planting new vines.  This pre-plant soil-amending option also works in orchards, and is much less expensive due to the direct application of material by the delivery trailers.  The vineyard cooperator is also composting yard trimmings before application to established vines.  Future monitoring of the vines, grape yield,  and soil will help determine and significant long-term impacts of the treatments.



Tomatoes

This was an unscientific trial which consisted of a visual evaluation of fruit yield, size and quality.  The trial involved tomatoes grown both with and without irrigation.  Both areas were divided into non-replicated mulched and un-mulched sub-areas, with a target of four to five inches of mulch in the mulched areas.  Ground yard trimmings were broadcast with a standard dragchain and beater manure spreader when the tomato plants were one foot tall.  Shortened five-gallon plastic pails (20) were placed over the plants to protect them as the mulch was broadcast, and moved as the mulch was applied.  The mulch thickness varied from two to four inches, and it took one truck load (70 CY), or eight spreader loads, to mulch 140 plants.  The tractor and spreader were used two hours, and it took an additional two hours for two laborers to move buckets and rake smooth the mulch.  The cost of mulch application is estimated at $75.  The grower could not estimate the savings from avoided cultivation and hand weeding in the mulched areas, but indicated that it was not insignificant.

Observations of these non-replicated mulched and control areas revealed that the mulch (about three inches thick) was moderately successful in suppressing weeds and cooled the soil.  What weeds that did grow through the mulch pulled more easily.  Where the mulch was less than three inches thick, pigweed and purslane were more prevalent.  Tomato plant size and the number and size of tomatoes were not noticeably different in either the dry farmed or irrigated test areas.



Phytotoxicity Evaluation of Yard Trimmings Products

Summary

A replicated pot trial with sunflower seedlings showed that YT and SMC significantly stunted growth of tops compared to the control and compost treatments.

Objective

To assess the relative toxicity of fresh YT, SMC, and MC to plants.

Methods and Materials

Samples of the three products were obtained from the composting processing site and analyzed.  The three products were:

fresh, ground yard trimmings, passed through a ½ inch mesh

semi-mature yard trimmings compost (composted 30 days), ½ inch mesh

mature yard trimmings compost (screened to 3/8 inch)

An agricultural sandy loam soil taken from a field trial site in Gilroy was used as the bulking medium with the amendments.  The soil and amendments were thoroughly mixed before placement in the pots.  The treatments were:

Control (soil only)

Yard trimmings 1:1 by volume with soil (actual 0.38 lb DM)

Semi-mature yard trimming compost 1:1 by volume with soil (0.35 lb DM)

Mature yard trimmings compost 1:1 by volume with soil (0.85 lb DM)

Sunflower seeds (Helianthus annus, var. Mammoth)  were pre-germinated on paper towels.  When roots were an average of one centimeter (three days later), the seeds were randomly selected for transplanting into five quart clay pots.  Five seeds were placed in each of 10 pots for each treatment.  The pots were placed outside on a sheltered bench and watered daily.   Pots were moved into the greenhouse at five days and tops were cut at soil level on day 24.   Tops were oven dried at 100 degrees F and weighed.

Results and Discussion

Analysis of product samples is shown in Table K1.  Results are expressed as percent of dry weight.  Total nitrogen and ammonia nitrogen levels are similar.   Soluble salts in all three are at a level at which the sunflower plant is not adversely affected.  This means that salts did not contribute to any observed phytotoxic effect.  Bulk density of mature compost was roughly twice that of the other two products, and roughly twice as much mature compost dry matter was put in the pots compared to the other two products.  C:N ratios of the three products were similar, and do not represent a typically broader spectrum of fresh versus fully composted yard trimmings.  An accompanying detailed product characterization of San Jose products established that the C:N of fresh yard trimmings range from 20:1 to 35:1, while mature compost ranges from 12:1 to 22:1.

Statistical analysis of the top weights is shown in Table K2.  The means of the control and MC treatments were similar and significantly greater than the means of the YT and SMC treatments (at p=0.05 level).  This indicates significantly reduced growth due to the YT and SMC products. 

Table K1: Analyses of the Products

Analysis�Mature Compost�Semi-Mature Compost�Yard Trimmings��Total Nitrogen (%)�1.64�1.89�1.70��Ammonia Nitrogen (%)�0.054�0.056�0.055��Organic Matter (%)�45.5�59.8�57.7��Carbon:Nitrogen�16.1�18.1�20.1��Moisture (%)�42.3�46.6�50.1��Bulk Density (lbs/CY)�638�286�340��Soluble Salts (mmhos/cm)�3.7�1.8�3.5��

Table K2: Sunflower Top Dry Weight

Treatment�Mean Top Dry Weight (g)��Control�1.39a��Uncomposted Yard Trimmings�0.73b��Semi-mature Compost�0.77b��Mature Compost�1.48a��Level of Significance�0.001��

Intermediary products of organic material decomposition, including short-chain fatty acids have been shown to be toxic to seeds and to affect physiological development of young seedlings.  Seed germination in compost extracts has more typically been used to assess compost maturity than measuring the growth of seedlings in the actual substrate.  However, research by M.T. Baca et al, in Biological Wastes, 1990 (Vol. 33, 251-261) has shown a high correlation between extract  and dry matter weight methods.  Moreover, there is some question about the relevance of the extract method to actual field effects.  It may be that a method using the unextracted amendments with seedlings may be a more accurate predictor of field results.

The lack of known levels of phytotoxic tolerance of specific crops allows only a relative measure of phytotoxicity among the three products.  The significant stunting of top growth by YT and SMC products raises concern about their use without further decomposition and curing.  However, the 50 percent by volume mix used in the experiment translates into a 200 ton per acre application rate of fresh yard trimmings, which is 2.5 to 10 times greater than currently recommended rates.  Additional experiments with lesser proportions of products-to-soil would help identify phytotoxicity thresholds.  This experiment simply attempted to reveal what might occur if crops were started or transplanted into soil immediately after incorporation of relatively high amounts of these products.







Christmas Tree Mulch Trial

This trial focused on measuring soil changes over a one year period.  A 50x50 foot block of variable-aged, interplanted Douglas fir was mulched with approximately four to five inches of uncomposted yard trimmings (about 150 tons per acre).  The material was left on top of the ground over winter, but was incorporated during the usual spring cultivation for weed control.  The mulch did not adequately suppress weeds to displace the need for cultivation.  The mulched soil became, technically, an amended soil.  The soil was a sandy loam.

Soil was tested from the unamended as well as the amended areas.  Results are presented in Table C1.  It can be seen that the yard trimmings added measurably to the nutrient reserves, as well as increasing organic carbon and cation exchange capacity (CEC).  Soluble salts were also raised, but remained below critical levels for Douglas fir.

Table C1: Amended Soil Changes

Treatment�C%�N%�pH�P�K�Ca�Mg�Sol. Salts�CEC��Control�1.11�0.10�7.7�47�257�6.3�3.4�0.77�10.0��Mulch�3.05�0.30�7.5�81�534�12.2�6.0�1.4�18.1��

Mulch Trials

Summary

Three trials in which mulch was placed on the ground in apricot, cherry, and walnut orchards showed increased soil nutrient levels and worm activity, minimized swings in seasonal soil temperature, and higher soil moisture at 0-15 centimeter depth on the March and May sampling dates.  However, mulch spreading costs were higher than anticipated and weed suppression was usually inadequate, leading to reliance on herbicides or mechanical control.

Objectives

To measure the impacts of a mulch layer on soil quality, worm activity, fruit productivity, and weed growth under different weed management regimes.  Also, to evaluate the technical and economic feasibility of different spreading techniques.

 Methods and Materials

Three orchard mulch trials were designed using four replications in a randomized block design.  Each test row of trees in the mulch treatment had mulch applied in the aisles on both sides of the row.  The three orchards were:

Van Dyke Ranch in Gilroy (14 year old apricots on Pleasanton gravelly loam)

Ravizza Ranch in Morgan Hill ( mature and young interplanted cherries on Arbuckle gravelly loam)

Hain Ranch in Tres Pinos ( one year old walnuts on Sorrento silt loam)

Mulch material included fresh, ground yard trimmings and fresh, screened yard trimmings.  Material was ground to three inches minus, and included either both woody and leafy constituents or ground overs from an initial screening process and self-hauled woody material.

A mulch depth of six inches was targeted, and the mulch was applied to the entire orchard floor during late fall, 1995 and early winter, 1996.  The walnuts received only 3-4 inches of mulch, and the other two orchards averaged 5-6 inches initial depth.  Three methods of mulch application were evaluated: 

A belt and spinner spreader manufactured by S&A Manufacturing usually used to spread gypsum and lime was modified (wider belt and larger spinners) to handle the courser yard trimmings.

A standard drag-chain and beater manure spreader. 

A low-slung flat-bed trailer was loader with a tractor-loader and unloaded in the orchard either by hand or by pulling a headboard to the rear.

Records of labor and machinery required to spread the mulch were kept by the operators so that cost per ton and cost per acre could be calculated.

Periodic, selective soil and worm measurements were performed in all three orchards, with four samplings in the apricot orchard and a single sampling in the other two.  Soil analyses included moisture, temperature, electrical conductivity, nitrate, and pH.  Soil moisture was measured gravimetrically (0-6 inch depth) in the apricot and cherry orchards, and with gypsum blocks to a depth of 4 feet in the walnut orchard.  Accurate bulk density measurements were difficult to make due to the gravelly nature of the soil, and results are not reported here.  Water infiltration measurements were made in December 1996 using two methods (a kit test timing 444 millimeters of water, and the more standard and time involved technique of applying a constant head and measuring time of infiltration of 3.8 liters of water).  Tissue nitrogen measurements were taken once in all orchards.  Earwig abundance was monitored in the apricot orchard using traps during June 1996.  Weed growth was qualitatively assessed in all three orchards. 

The method of earthworm sampling involved placing one meter rings on the ground (after removing the mulch in the mulched plots) and twice pouring a mixture of  two ounces of mustard in one gallon of water and allowing each pour to saturate the soil for 10 minutes.  The mustard irritates the worms, causing them to surface.  Worms were removed as they surfaced and dug out of the top 10 centimeters of soil. Worms were rinsed, cooled, and counted and weighed as soon as possible upon completing the field work.  Total and resident-only worm biomass and quantity were measured. 

An anecic species (nightcrawler), Lumbricus terrestris, which creates deep, vertical burrows and drags organic matter down into their burrows to feed was introduced in the apricot and walnut orchards in January, 1996.  In the apricot orchard, 25 juvenile worms were placed one meter from six trees in the test rows.  Subsequent worm sampling counted and weighed this species separate from the existing endogeic species.

Mulch depth changes in the apricot orchard was monitored by driving stakes into the ground and measuring the distance from the top of the stake to the mulch surface.  Three measurements at eight locations were taken May, September, and December 1996.  Unsuccessful attempts were made to measure soil compaction using a penetrometer.  High gravel content of the soils as well as gopher  activity led to very high variability in readings.  Earwigs, a damaging pest during apricot ripening, were trapped and counted in mulch and control plots in the apricot orchard.  The traps are black tubes placed low in the trees' branches. 

Results and Discussion

Application of Yard Trimmings Mulch

The prototype belt/spinner spreader built by S&A Welding and Manufacturing did not perform as well as had been expected:

The spreader did not unload more quickly than a standard manure spreader, and would spread only one to two inches per trip.

Yard trimmings were not distributed in an even fashion either behind or to the side of the spreader.

High-speed spinners threw rocks and sticks and created a hazard.

Horse power required was a minimum of 60 at the PTO.

A drag-chain and beater manure spreader was used at the walnut orchard with some success.  The spread pattern was mostly behind, and three feet to each side.  Limitations included its small capacity, which required many trips through the orchard, and the vertical discharge of the material, making it difficult to spread under mature trees.

The third method involved loading a low, unsided trailer with a tractor-loader, and unloading the mulch by hand as the trailer was pulled down the aisle.  This method proved faster than the spreader options, however, it was more expensive due to high labor required.  In spite of the cost, two orchards relied on this method.  The cherry orchardist has also experimented with mechanically unloading the trailer with a false headboard, and will soon be using a low dump trailer in an attempt to further lower his costs.

A summary of the cost estimates of mulch spreading is presented in Table M1.

Table M1:  Cost Estimates of Mulch Spreading

Spreading Technique�Cost per Ton�Cost per Acre (at 170tpa)��Belt/Spinner Spreader�$7.00�$1190��Manure Spreader�$5.50�$  935��Trailer w/ hand unloading�$9.30�$1581��

Leaf Tissue Analysis

Mulch was found to have a significant affect on tissue nitrogen only in the apricot orchard (Table M2).  Nitrogen levels in the mulched apricot plots were lower, possibly due to the apricot feeder roots aggressively penetrating the mulch layer.  This mulch layer is a zone of intense microbial activity, which would be expected to create a draw on available nitrogen.  Neither the walnut, or to a lesser degree, the cherry tree roots grew into the mulch as extensively as did the apricot roots.

Table M2: Leaf Tissue %N Contents in Three Orchards

Treatment

�Apricots (%N)

�Cherries (%N)

�Walnuts (%N)

��Control�3.34a�1.90�2.90��Mulch�2.86b�1.98�2.88��Level of Significance�0.07�NS�NS��

Fruit Yield

Apricot yield and fruit weight was measured during the 1996 harvest.  The two mulch treatments, and the two unmulched treatments were combined to create only two treatments.  The results of two separate pickings were combined for analysis, and the results are presented in Table M3.  Although not significantly different, the yield and fruit weight of the mulched plots was slightly higher than for the control.  The results are not surprising, given that soil fertility impacts on tree fruit yield can be expected to show up one year after fertility inputs.









Table M3: Apricot Yield and Fruit Size

Treatment�Yield (# boxes)�Ave. Fruit Weight (lbs.)��Control�16.25�0.0885��Mulch�17.25�0.0893��Level of Significance�NS�NS��

Soil Quality

Apricot orchard soil analysis was performed four times, from December 1995 to December 1996, and the results are contained in Figures MA-ME found at the end of this section.  Soil pH and EC (Figures MA and MB, pages A-21) were both elevated in the mulched plots (p=0.10) until the December 1996 sample, when there were no significant differences.  Nitrate-nitrogen did not correspond with the rise in EC, so other salts may have been responsible.  Higher than average rainfall during October to December 1996 may have been responsible for leaching away whatever remained of this treatment effect.

Soil moisture content (Figure MC page A-21) was greater in the mulched plots during March and May of 1996 (p=0.01).  At the May sample date, samples were collected one day prior to the first irrigation of the season.  At this time soil moisture under the mulch was nearly double what it was in the unmulched plots.

Soil temperature (Figure MD  page A-22) was significantly different at all four sample dates.  Soil temperatures were higher under the mulch during cooler periods (December, March), and lower under mulch in the warmer sample month (May).  No statistically significant differences in nitrate-nitrogen concentration were detected (Figure ME  page A-22).  There were no treatment differences in water infiltration measurements taken on the last sample date.   

The cherry orchard soil was analyzed one year after the mulch was applied.  The results are presented in Table M4 and Figures MF-MJ (Pages A23-24)found at the end of this section.  Total soil nitrogen and carbon, as well as nitrate levels, and soil temperature were significantly higher under the mulch.  pH was significantly lower, contrary to the apricot orchard soil results.  Nitrogen mineralization potential was not significantly different due to high variability, even though the mulch mean was twice as high as the control mean.   No significant differences were found in EC, soil moisture, and bulk density. 

Table M4: Impact of Mulch on Cherry Orchard Soil 

Treatment�Total N�Total C�Nitrate�pH�Temp. (Deg.C)�N Min. Potential��Control�0.123a�1.27a�49.2a�8.3a�9.75a�1.42��Mulch�0.153b�1.65b�362.8b�8.0b�11.5b�2.83��Note: Different letters following values within columns denote significant difference at the p=0.05 level.



Rate of Mulch Depth Decrease

From May to September, the apricot orchard mulch decomposed an average of 1.5 inches.  By December, the height loss averaged 1.9 inches.  The remaining mulch depth averaged 3.5 inches.



Weed Incidence

In the apricot and walnut orchards, weed cover ranged from 50 to 70 percent of the mulched areas.  Weeds appeared to originate mostly from the mulch, but may have also pushed through from the soil.  Although most weeds were resident species, bermuda grass, ornamental morning glory, volunteer tomatoes and squash were common.  In contrast, weeds were almost nonexistent in the cherry orchard during 1996.  There are several possible explanations.

The apricot and walnuts used overhead sprinklers which watered the entire orchard floor, while the cherry trees were watered with micro sprinklers which wetted only the root zones.  Weed seeds and stolons germinate and grow only if provided an adequately moist environment, which did not exist in the dry mulch between the cherry trees during the dry season.  However, weeds did not germinate and grow even under the cherry trees, where moist conditions existed.  Nor did an appreciable weeds germinate and grow in the aisles during the wet winter and spring.

Weed germination and growth are inhibited by shade.  Overall, shading was not found to vary substantially among these orchards.  In all three orchards, the most intense shade occurs under the trees, and this is where fewest weeds were found.  In the cherry orchard this was particularly important: this was the only area where dry-season moisture conditions were appropriate for weed growth, and the shading appeared to effectively discourage it.

The apricot and walnut mulched plots were mowed, while spot herbicides and hand pulling was used in the cherry orchard.  However, the cherry cooperator indicated only minimal use of herbicides (Goal for the malva and Round-up for everything else) in 1995-96, and periodic inspections always revealed very low weed incidence.  The additional mulch added during the winter of 1996-97 in the cherry orchard appears to be sprouting more weeds than the year before.  As the mulch dries in the late spring, the cooperator plans to experiment with shallow rototilling to kill the weeds.  Differences in weed management are not expected to be primarily responsible for the highly variable weed populations.

Some trees, such as walnuts exude a compound which inhibits other, competing plants.  Cherries and apricots are not thought to have this capability.  This does not adequately explain the lack of weeds in the cherry orchard. 

In summary, it appears that weeds were inhibited in the cherry orchard by lack of essential conditions - either too dry or to shaded.  The lack of seed germination in the aisles during the wet season is less explainable.  The apricot and walnut orchards experienced prolific weed growth in the mulch.  This caused a management problem because the weeds could not be controlled by cultivation without destroying the mulch layer.  Mowing did not control the weeds, which continued to expand and compete with the trees for nutrients and water.

Earthworms

There were no significant differences in earthworm abundance or biomass in the apricot orchard at the December 1995 and March 1996 samplings (Table M5, and Figure MK on page A-25).  The May 1996 sampling showed that earthworm activity was extended under the mulch, probably due to higher moisture and lower temperatures.  As the bare soils warmed up and dried out, earthworm activity dropped to almost nothing.  In Central California, earthworms are active primarily during the winter rainy season, with peak activity during January to March.  Some activity may continue through the summer in irrigated soils, but earthworms are generally much less abundant during this period.  Significantly higher earthworm abundance and biomass found under the mulch at the December 1996 sampling may be due in part to the greater activity during the summer.







Table M5: Earthworm Abundance And Biomass

Material�Dec. 1995�March 1996�May 1996�Dec. 1996���Abundance�Biomass�Abundance�Biomass�Abundance�Biomass�Abundance�Biomass��Mulch�52�15.58�56�37.78�97�39�370�116.6��Mulch + L.Terrestis�---------�---------�81�71.96�55�40�306.5�174.29��Bare�71�20.51�41�18.9�3�3.2�163�69.8��Bare +

L.Terrestis�---------�---------�38�45.36�2�6.73�128�80.96��

Table M6 shows the results of the December 1996 earthworm sampling at the cherry orchard in Morgan Hill.  The mulched plots had some of the highest earthworm populations ever found by the researchers.  Abundance and total biomass were significantly higher than in the control, although individual earthworm size was significantly smaller.  The mulch obviously favored reproduction, and the populations were dominated by juveniles. 

Table M6: Earthworm Characteristics per Square Meter

�Bare�Mulch��Abundance�103�580��Biomass (g)�33.39�96.68��Biomass/Individual (g)�.30�.18��In both orchards, juvenile nightcrawlers were found, exhibiting successful reproduction by this introduced species.  In the apricot orchard, the nightcrawlers were responsible for the significant increase in total earthworm biomass found in the December 1996 sampling.  This suggests that a mix of different functional species, horizontal and vertical burrowers, increases total earthworm biomass and impact.

Earwig Trapping

Table M7 contains the results of the three earwig trap counts during June 1996.  Two additional sets of traps were counted on the second and third sampling dates.  None of the samplings resulted in significant differences in the number of earwigs found between the control and mulch plots.

Table M7: Earwig Trapping in the Apricot Orchard

�June 7 Sampling�June 14 Sampling�June 21 Sampling��Treatment�Mean # Earwigs�Presence1 (%)�Mean # Earwigs�Presence (%)�Mean # Earwigs�Presence (%)��Control�8.5�63%�9.50�50%�3.81�56%��Mulch�1.5�50%�8.69�50%�3.63�38%��Level of Significance�NS�NS�NS�NS�NS�NS��Note: Presence refers to the percent of the traps with at least one earwig present.

Figure MA:  Soil pH at Van Dyke
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Figure MB:  Electrical Conductivity at Van Dyke
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Figure MC:  Soil Moisture at Van Dyke
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Figure MD:  Soil Temperature at Van Dyke
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Figure ME:  Soil Nitrate-Nitrogen at Van Dyke
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Figures M1-M6. Soil characteristics in apricot orchard, Gilroy, CA. 

Asterisks (*) indicate treatment means are statistically significant (à = 0.05) 

based on two-way ANOVA for that sample date.



Figure MF:  Soil Temperature at Ravizza Orchard
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Figure MG:  Soil Moisture at Ravizza Orchard
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Figure MH:  Soil Bulk Density at Ravizza Orchard
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Figure MI:  Soil Electrical Conductivity at Ravizza Orchard
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Figure MJ:  Soil pH at Ravizza Orchard
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Figure MK:  Earthworm Density and Biomass at Van Dyke
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Appendix B:  Data Tables on Product Samples

[Available from AIP staff at (408) 277-5533]















Appendix C:  Markets for Yard Trimmings Products

Yard trimmings products are new to agricultural users, and growers will need information on their attributes and uses before they will experiment with them.  Responses to and end-of-project grower questionnaire indicated that the newsletters served as an introduction to and a major source of information on yard trimmings products for the majority of growers.  

Over the course of the demonstration, product distribution information was developed by polling the City’s three processors.  Processors reported the total tonnages for their facility, not just the City of San Jose material.  The following table summarizes the changes in distribution to the agricultural market.

Reporting Year�Tons Yard Trimmings� Tons Mature Compost��1993�54,000�0��1994�94,000�7,400��1995�99,930�9,886��1996�105,698�11,280��% ( 94-96�12.4%�53.4%��

In part the increase reflects the fact that the facilities increased their processing capacity.  

Another measure of the market demand for a product is its price.  Over the course of the two and a half year demonstration project, yard trimmings products increased in value despite the fact that the supply was augmented as cities and counties near San Jose initiated  and expanded curbside collection programs. Uncomposted yard trimmings were delivered for free in 1994, but by 1996 growers were paying up to $125 per delivered truckload (20-25 tons).

The price increase was due in part to product improvements.  Generally, processors listened to the farming community, and worked hard to meet their needs in terms of the quality of yard trimmings products.  

Conversations with growers and industry insiders indicate that agricultural use of compost has increased since 1994 in the region surrounding San Jose, as well as statewide.  Conventional growers who never used compost have started to experiment with small amounts.  Organic growers who traditionally used cow and chicken manure based compost have switched to compost that is made primarily or partially from yard trimmings.  Growers who were applying three to five tons of compost per acre in 1994 have ramped up to using as much as 7-10 tons per acre in 1996.  

The processing/distribution companies that contract with the City of San Jose were fairly aggressive in contacting potential new users of the uncomposted product in 1994 and 1995; in 1996 the companies concentrated on distributing material to large end users and/or composting it themselves.  (They had expanded their composting capacity.)  In 1996, growers who wanted a few loads of yard trimmings for a one-time application found it more difficult to get material.  

Direct incorporation and mulching of perennial and orchard crops has slowed down in the San Jose area because most of the uncomposted material is going to large end users---entrepreneurial or on-farm composting operations that produce products tailored to agricultural users and dairies.  

However, information gained on agricultural use of uncomposted yard trimmings will continue to be a valuable resource.  The volume of material collected in the San Francisco Bay area and the State of California is constantly increasing, and the area available for composting is limited by siting constraints; it can also be reduced unexpectedly due to odor concerns.  Direct land application and mulching are accessible diversion techniques that may be used beneficially in a variety of agricultural situations.

Appendix D  Growers’ Newsletters [out of print  AIP handouts]



Appendix E:  Yard Trimmings Products Use Guide

[Available from AIP staff at (408) 277-5533]



Appendix F:  Articles on Agriculture in Partnership with San Jose

 “Grower Trials: Urban Green on the Farm”� BioCycle, February 1997.

“Dairies Use Clean Green”� Farmer to Farmer, January-February 1997.

“Mulch Conserves Soil Moisture in California Orchards”� BioCycle, October 1996.

“Mulch Conserves Soil Moisture”� Farmer to Farmer, July-August 1996.

“Compost and Green Waste”�Community Alliance with Family Farmers, Foghorn, May 1996

“California Agriculture Finds Innovative Ways of Using Clean Green”� Washington Organic Recycling Council WORC Report., May 1996. 

“A Sense of Humus”� California Farmer, March 1996.

“ Agriculture in Partnership: San Jose Takes Farm-City Cooperation to New Limits”� Nation Cities Weekly, March 4, 1996.

“Yard Trimmings Improve Soil Properties and Control Dust”� Santa Clara County Farm Bureau Broadcaster, February 1996.

“Research Updates”� Center for Agroecology and Sustainable Food Systems, The Cultivar, Winter 1997.

“Composting Projects Look Promising”

	California County, January/February 1996. 

 “Taking City Produce to the Farm”�MSW Management, November/December 1995.

“Cultivating Financing”� The Grower, October 1995.

“Cooperation Brings Yard Trimmings from Curbside to Farm Row”� Resource Engineering and Technology for A Sustainable World, April 1995.

“Clean Organics Reach Farms and Vineyards”� Farm Scale Composting, a Special Publication of J.G. Press, March 1995.

“Agriculture in Partnership Demonstrations”� Santa Clara County Farm Bureau Broadcaster, December 1994.

 “Yard Trimmings Reach Farms and Vineyards”� BioCycle, December 1994.

“Going Yard”� California Farmer, October 1994.

“County Farmers Using Yard Trimmings to Improve Tilth”� Santa Clara County Farm Bureau Broadcaster, July 1994.

“Using Yard Trimmings to Improve Tilth”�San Benito County Farm Bureau News, April 1994.



Appendix G:  ANTECH Compost Analysis Results

[Available from AIP staff at (408) 277-5533]
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