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Executive Summary





The Monterey Bay Region Compost Demonstration Project (MBCP) was initiated in July 1994 with the cooperation of municipal administrators, on-farm and commercial compost producers, and vegetable growers in Monterey, Santa Cruz, and San Benito Counties.  The intent has been to demonstrate the viability of on-farm composting and to generate increased awareness of the potential benefits of compost use in crop production.


In late 1994 experimental composting projects were initiated with two on-farm compost operations and the N. Monterey County Waste Management District.  At the Glaum Egg Ranch shredded waxed cardboard was successfully composted, then used in two crop trials in 1995.  Compost produced entirely with yard trimmings and wood waste from the N. Monterey Landfill was also used in crop trials in 1995.  Almost all of crop trials were done in commercial fields managed with typical grower practices.  In 1995 and 1996 crop trials have been with the following vegetable crops: lettuce, broccoli, cauliflower, onions, potatoes, and beets.


There have been varying results from the trials ranging from significant suppression of plant disease to crop damage due to a soil insect.  Yield increases were observed for lettuce in a field in Monterey County, but not in a trial conducted in San Benito County.  Differences between compost sources, soil types, crop varieties, fertility management practices, and time are likely factors influencing crop response.  Compost applications appeared to influence soil nitrogen dynamics and soil microbiology.  Conflicting results in onion trials, where suppression of Fusarium end rot was observed in 1995, but not in 1996 








suggest that there are subtle differences in characteristics contributing to compost quality.


An analysis of changes in water-holding capacity as the result of compost applications in 1994 and 1995 was done on a light textured soil.  Unfortunately this field was inundated with silt from the floods of 1995, which may have contributed to no statistically significant differences in soil water holding capacity determined even after accumulated applications of up to 42 tons per acre.


The relationship between the characteristics of different types of composts and their potential impact on soils and crop productivity are still unclear to most growers and researchers.  It cannot be assumed that all composts will provide the same benefits in the diversity of soils, crops, and management systems in this region. Today, there are a number of start-up compost production business, both on-farm and commercial based. These compost producers are on a “learning curve” in development of consistently high quality materials, while at the same time, the perceived value of the material by growers is still in flux.  There need be more efforts by municipal waste managers and compost producers to cooperatively divert and reuse organic matter in a cost-effective manner.


Until there is predictability for composts in different soils and crops, the full realization of agricultural markets in this region will not occur. There has been an obvious increased interest in compost in this region.  This has increased the number and focus of questions posed by compost producers, growers, and researchers . In this context the MBCP has been a stimulus, but much more specific development will be required to expand the potential in this region.


�
Introduction





The Monterey Bay Region Compost Demonstration Project (MBCP) was initiated in July 1994 and included a number of interests in the Counties of Monterey, Santa Cruz, and San Benito.  This collaborative effort has involved municipal, on-farm, and commercial compost producers along with vegetable growers with the intent of expanding markets for compost produced with urban yard trimmings (Table 1).  This report summarizes the results of production demonstrations with a few of the important regional crops, and offers an analysis of the potential and existing 











barriers for increasing grower use of composts.


At the outset the MBCP was fortunate to secure the cooperation of collaborators who collectively represent the range of current experience, interests, and management approaches in compost production and utilization for vegetable systems in this region.  In addition to the formal cooperative group, critical contributions were made by staff, graduate students and farm apprentices from the University of California, Santa Cruz (UCSC).
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Table 1.  The MBCP Cooperative Team


________________________________________________________________________


	Dr. Marc Buchanan	Project Leader	Univ. of California


	Martha Brown	Public Outreach	Univ. of California


COMPOSTING


	Cranford Inc.	Compost and amendments	Monterey County                                             	Glaum Family Egg Ranch	On-farm manure compost	Santa Cruz County                                       	Herbert Ranch	On-farm compost	San Benito County                                                   	N. Monterey Waste District	Landfill 	Monterey County


GROWERS


	Filice Farms	Onions, tomatoes, peppers	San Benito County                                         	Jefferson Ranch	Lettuce, cauliflower, celery	Monterey County                                           	Route 1 Farms	Specialty vegetables	Santa Cruz County                                       	Tonascia Farms	Lettuce, broccoli, peppers	San Benito County                                        	Rural Development Center	Mixed vegetables	Monterey County                                           	UCSC Farm	Mixed vegetables	Santa Cruz County


MUNICIPAL, UC-EXTENSION, and OTHER	


	Dan DeGrassi	Planner	Santa Cruz County                                       	Kurt Hunter	Recycling Coordinator	Monterey County                                           	John Inman	Consultant	Monterey County                                           	Richard Smith	UC Farm Advisor	San Benito County


________________________________________________________________________


�
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Materials and Methods





Work activities began in late summer of 1994, which precluded the start of any crop trials.  Plans and field preparations were made for fall applications of composts at a some grower sites, while work began on composting trials 


Compost Production                        Three experimental composting projects were initiated with the Herbert Ranch, Glaum Family Egg Ranch and the North Monterey County Waste Management District (or Marina Landfill).  In all cases the intention was to use the finished composts for grower trials in 1995.


Herbert Ranch -  Ground yard trimmings generated at the Buena Vista Landfill in Santa Cruz County was delivered to the site in Hollister and incorporated into windrows with manure, straw, vegetable culls and clay soil.  Windrows were aerated with a farm scale windrow turner.  Composting of this mix required about 65 days.


Glaum Egg Ranch - Shredded waxed cardboard from the City of Watsonville was combined with chicken manure and sawdust prior to loading in an enclosed agitated bay system.  The composting mass was aerated daily.  After preliminary composting for 25 days the material was transferred to the UCSC Farm for further stabilization.  Composting of this mix required about 110 days.


Marina Landfill - Ground green and wood waste were incorporated in windrows and turned weekly with a front loader.  Composting proceeded for about 75 days.  Prior to use the material was screened to minus 1/2 inch.


In 1995 we were not able to continue compost production with the Glaum Egg Ranch or the North Monterey Waste 











District.  In 1995, and for the duration of the project period, all compost used in the grower trials was produced by Herbert Ranch and Cranford Inc.  As both use similar feedstocks, utilize commercial turning equipment, and perform close process monitoring, this reduced the variability and increased the reliability of the product used in grower trials.


As indicated the various compost producers employed different feedstocks and utilized different equipment to manage the compost process.  In all composting systems the moisture and temperature of the mass was routinely monitored.  At some sites, the turning frequency is determined by temperature and carbon dioxide monitoring.  The differences in feedstocks and process technology are not insignificant.  A sample of each compost applied to grower trials were collected for chemical characterization.  The analytical data are given in Appendix A.


Grower Trials                                     Given the many different approaches taken in grower trials over 1995 and 1996, the important details regarding timelines, experimental design, and crop sequences are presented in tabular form  Tables 2 through 8 provide this information arranged by grower.  For the most part, all of the trials were done in commercial fields managed with typical grower practices.  The UCSC trial in 1995 was on experimental plots established in 1991.


The table format provides information on the site and design, management details, and crop timeline.  The source of compost is cross-referenced to the physical and chemical characterization data given in Appendix A.


	.�















Table 2a. Filice Farms, San Benito County, 1994-1995.











Onion Trial  1995


	Compost source and application date


	•	Co-mix produced by Herbert Ranch   (H-1)  (made from yard trimmings, cattle 			 manure, hay, 	 onion culls, clay); applied November 1994


	Application levels and application procedure


	•	0, 2.5, 5, 10, 20 tons per acre incorporated directly into beds (as opposed to 			 broadcast and incorporated)


	Study area site


	•	~0.58 acre strip plots 


	Study design


		Split nitrogen (N) treatments


			•No nitrogen


			•No pre-plant + sidedress N (2x = ~120 lbs)


			•Pre-plant + sidedress N ( = ~180 lbs)


		Total of 15 treatments: 5 compost application levels x 3 types of N treatments


	Planting and harvest dates


	•	Onions (var. Discovery) seeded week of February 22; harvested August 1


	Lab tests performed


	•	Compost sample collected at time of application.


	•	Soil inorganic N and water content


	•	Soil microbial activity assessment 
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Table 2b. Filice Farms, San Benito County, 1995-1996.














Onion Trial  1996


	Compost source and application date


	•	Co-mix produced by Herbert Ranch  (H-4); applied December 1995


	Application levels and application procedure


	•     0, 10, 20 tons per acre applied directly to beds and incorporated


	Study area site


	•	~0.58 acre strip plots 


	Note: material applied to new block with prior Fusarium infestation. The block 	used in the 1994-1995 study was not used again due to fumigation.


	Study design


		Due to various limitations all plots received only the grower’s normal nitrogen 			 applications (a total of ~180lbs N pre-plant and sidedress)


		Total of 9 treatments: 3 compost application levels x 3 types of N treatments


	Planting date


	•	Onions (var. Los Osos) seeded March 9


	Lab tests performed


	•	Ammonium nitrogen levels


	•	Soil microbial activity assessment





�
Table 3a. Tonascia Farms, 1994-1995.





Lettuce Trial  1995


	Compost source and application date


	•	Produced  by Herbert Ranch (H-2); applied in March


	Application levels and application procedure


	•	0, 10, 20 tons per acre incorporated directly in beds with pre-plant N


	Study area site


		6 bed (40 in. on center) wide x 50 foot long plots, replicated 4 times


	Study design


		Split-plot treatments


			•No nitrogen


			•No pre-plant + sidedress N 


			•Pre-plant + sidedress N 


		Total of 9 treatments: 3 compost application levels x 3 types of N treatments


	Planting and harvest dates


	•	Head lettuce seeded March 9; harvested June 27


	Lab tests performed


	•	Soil inorganic N (monthly)





Broccoli Trial  1995


	Compost source


	•	Produced by Herbert Ranch  (H-3)  applied June (following lettuce harvest)


	Application levels and application procedure


	•	same as for lettuce


	Study area site


	•	material applied to site of previous lettuce trial (see Table 2a)


	Study design


		Split-plot treatments:  No nitrogen and sidedress N  (total 294 lbs)


	Planting and harvest dates


	•	broccoli planted late August; harvested November


	Lab tests performed


	•	soil microbial activity


�





















Table 3b. Tonascia Farms, 1996





	Compost source and application date


	•	Produced  by Cranford Inc. (C-4) ; applied in June


	Application levels and application procedure


	•	0, 10, 20 tons per acre incorporated directly in beds


	Study area site


		6 bed (40 in. on center) wide x 50 foot long plots, replicated 4 times


	Study design


		Split-plot N treatments


			•Pre-plant N only


			•Pre-plant + sidedress N 


		Total of 6 treatments: 3 compost application levels x 2 types of N treatments


	Planting and harvest dates


	•	Head lettuce seeded August 13; harvested Nov.


	Lab tests performed


	•	Soil inorganic N and leaf tissue analysis (post-thinning and harvest)





�
Table 4a. Jefferson Ranch Trial, 1994-1995.





Head Lettuce Trial  1995


	Compost source and application date


	•	100% yard trimmings produced at Marina District  (M-1); applied November 21


	Application levels and application procedure


	•	4, 8, 12, and 16 dry tons per acre applied to level ground and incorporated


	Study area site


	•	nine one-acre plots, harvest plots 8 beds (40 in. on center) x 50 foot replicated 4x


	Study design


	•	check treatment of grower’s fall amendment program: 8 tons per acre of 50:50 mix 		 of mushroom 	waste and 4 compost application levels


	Planting date


	•	head lettuce planted late January


	Note: March 10 flood covered field with 6-8 inches of clay and silt; lettuce crop 	lost – compost reapplied for cauliflower planting (see below)


	Lab tests performed


	•	Analysis of compost sample and soil samples from each plot prior to application





Cauliflower Trial  1995


	Compost source and application date


	•	100% yard trimmings produced at Marina District  (M-2); applied May 


	Application levels and application procedure


	•	4, 8, 12, and 16 dry tons per acre


	Application procedure


	•	applied to leveled soil prior to ripping, disking, and listing


	Study area site


	•	same site of lettuce crop lost to flooding in March (see above)


	Study design


	•	same as above


	Planting and harvest dates


	•	cauliflower transplanted on May 17; harvested July 24-27


	Lab tests performed


	•	no soil or tissue analyses were done




















Table 4b.  Jefferson Ranch Trial, 1994-1995.








Leaf Lettuce Trial  1995


	Compost source


	•	residual from previous crop (see Table 4a); no additional compost applied


	Study area site


	•	site of cauliflower crop harvested in July


	Study design


	•	same as for cauliflower


	Planting and harvest dates


	•	four types of leaf lettuce (Butter, Red, Green, 2 Romaine varieties) seeded in July;		 staggered harvest in September


	Lab tests performed


	•	no soil or tissue analyses were done


�
Table 5. Jefferson Ranch Trial, 1995-1996.


Head Lettuce Trial #1  1996


	Compost source and application date


	•	co-mix produced at Cranford, Inc. site (Spreckels) using ground yard trimmings and 		 wood waste from Marina Landfill  (C-1);  applied November 1995


	Application levels and application procedure


	•	2.5, 5. 7.5, 10 tons per acre, plus grower check of 8 tons mushroom waste applied 		 to leveled soil	 prior to ripping, disking, and listing


	Study area site


	•	site of leaf lettuce crop harvested in September 1995; see Table 4b


	Study design


	•	grower check treatment and 4 compost application levels


	Planting and harvest date


	•	 lettuce seeded January 23, harvest April 25-26 for bulk shred market


	Lab tests performed


	•	no soil or tissue analyses were done


Head Lettuce Trial #2  1996


	Compost source and application date


	•	Co-compost from Cranford Inc.  (residual C-1 and C-2 on split plots)


	Application levels and application procedure


	•	residual from Nov. 1995


		Split plot treatments


		      0, 2.5, and 5 dry tons per acre applied directly to 40-inch beds


	Study area site


	•	site of lettuce trial #1 harvested in April


	Study design


	•	100-ft long, 8-bed-wide replicated subplots of 0, 2.5, and 5 tons per acre 			 established on main plots which had received the grower’s check, 5, 7.5, and 10 		 ton per acre pre-crop treatments in November 1995.


	Planting and harvest dates


	•	head lettuce seeded May 28; harvested August 2


	Lab tests performed


	•	soil samples at 21 and 44 days after planting in split-treatments, analyzed for 			 inorganic N and 6 microbial functional groups  (aerobic bacteria, anaerobic 			bacteria, fungi, actinomycetes, Pseudomonas bacteria, and nitrogen fixing bacteria)


Table 6. Rural Development Center Trial, 1995.


Broccoli  1995


	Compost source and application date


	•	100% yard trimmings produced at Marina District  (M-2); applied May 


	Application levels and application procedure


	•	 0, 5, and 10 tons per acre applied prior to listing


	Study area site


	•	2.5 acre block in a CCOF-certified field


	Study design


	•	comparison of compost application levels,  no pre-plant with topdress N as 			 pelletized chicken meal


	Planting and harvest dates


	•	broccoli direct seeded to pre-irrigated beds on June 22


	Note: yield reduction due to management problems – no crop data





Table 7. UCSC Farm Trial, 1995.





Potatoes  1995


	Compost source and application date


	•	Chicken manure - waxed cardboard mix produced by Glaum Egg Ranch  (G-1); 			 applied in April


	Application levels and application procedure


	•	0, 4, and 8 tons per acre applied into slot in bed, prior to lilliston incorporation


	Study area site


	•	site of 4-year field trial with compost and organic N sources (5 different crops), 			 triplicate plots 8 beds wide x 25’


	Study design


	•	0, 4, and 8 tons per acre applications compared with residual plots (residual = no 	 	 application this crop – 28 tons total for prior 4 crops). Plots receiving 0 tons had not 		 received compost since 1991.


	Planting and harvest dates


	•	Red Lasoda and Yellow Finn varieties planted in April; harvested in July


	Lab tests performed


	•    no soil or tissue analyses were done


Table 8. Route 1 Farm Trial, 1995.





Beets and Carrots  1995


	Compost source and application date


	•	Chicken manure - waxed cardboard produced by Glaum Egg Ranch  (G-1); applied 		 in late June


	Application levels and application procedure


	•	~8 tons per acre, broadcast applied to level ground prior to disking and bedding


	Study area site


	•	0.75 acre block


	Study design


	•	no experimental design


	Planting and harvest dates


	•	Beets and carrots (planted in late June)


	Note: yield reduction due to soil infestation of Symphylans (garden centipede)








�
Soil Water Holding Capacity                 In order to meet contract requirements for assessing the potential for water savings from compost use, a relatively simple analysis of water-holding capacity was done on soil from the Jefferson Ranch site.  In the fall of 1994, soil samples (0-8” depth) were taken in each of the one acre main plots.  An effort was made to reassess soil following the March 1995 floods, which deposited 6-8” of river silt and clay on the block.  However the variability due poor mixing of soil and flood deposited material made accurate sampling a bit difficult.  Therefore another set of samples were not taken until August 1996.


Soil samples were air-dried, then lightly ground to pass a 2mm sieve.  A separate subsample was dried for 24 hours at 105 oC to determine the air-dry moisture content and the bone-dry weight of soil used in this test.  Triplicate 50 gram samples were placed in filter funnels lined with slow filter paper (Whatman #41).  The samples were brought to approximate saturation with distilled water, then covered and allowed to drain for 24 hours.  Following this period each sample was then weighed and water holding capacity was quantified on a weight to weight basis using the following formula:


  WHC% =  wet wt. of soil (grams)         	               bone dry wt. of soil       (x 100)


While this is not a particularly sophisticated analytical procedure, it was the only procedure that fit the limitations of time and budget.  �
Findings





1995 Compost Trials                                A number of trials were performed in late 1994.  The work conducted at the Herbert Ranch site was, perhaps, the most routine as yard trimmings are a normal feedstock in their process.  However, it was noted that the carbon-to-nitrogen ratio (a critical feedstock characteristic in composting) of the material originating from Santa Cruz County was much higher than yard trimmings delivered from the San Jose area.  Use of this material required that more manure be added to balance the high carbon content of the yard trimmings.  Use of this feedstock also caused the active composting phase to be a bit longer.  These are not necessarily trivial, as they all imply that production costs and time would be greater when using such a material.


The trial at the Glaum Egg Ranch had been long anticipated.  At the time, much of their market had been to local certified organic growers.  At the outset here were a number of questions regarding the implications of using waxed cardboard as a feedstock for material that would eventually be used in certified organic production.  As a result specific chemical analyses were performed on the cardboard in order to receive an experimental variance from the California Certified Organic Farming organization.  The cardboard was analyzed for 18 different inorganic elements and for organochlorines prior to the granting of an experimental variance.  While boron (60 ppm) and barium (16 ppm) levels were higher than anticipated, there were no elements or compounds deemed to be problematic.


Composting of the chicken manure and cardboard mix proceeded for 25 days in the Glaum’s enclosed agitated bay system, then required about another 85 








days for full stabilization.  This second phase of composting was completed at the UCSC Farm.  The windrow was covered through the rainy season and turned bi-weekly with a front loader.  Selected physical and chemical properties of the final compost are given in Appendix A.  Additionally, barium levels were found to be 1.6 ppm in the final compost product.  As noted in Table 8, this material was used for the Route 1 Farms trial in 1995.


Composting at the Marina Landfill by District staff was also a first.  As mentioned previously the 100 percent green and wood waste material was managed with a front loader.  Composting proceeded for 75 days, not enough time to fully stabilize the material and meet the cooperating grower’s fall schedule.  The grower (Jefferson Ranch) was initially concerned about the larger wood particles in the material, therefore the material had to be screened prior to application.  This material was used in November 1994 and May 1995 at the Jefferson site.


Following these initial efforts, continued experimentation was prevented by a number of complications.  In the spring of 1995, the Glaum Egg Ranch expressed concerns that accepting waxed cardboard may increase site permit costs.  Concurrent with this concern was an unprecedented increase in the demand and price for fiber feedstocks.  Waxed cardboard was now being baled for export markets and availability was severely limited.  As a result of concerns over potential cost for meeting permit requirements, the Glaum’s decided to pull out of the project, which also curtailed the interests of Santa Cruz County.  These actions also eliminated access to ground yard trimmings at the Buena Vista Landfill in Santa Cruz County for further experimentation at the Herbert and Glaum Ranches.  Finally, in early 1995, the North Monterey District realized that it was not going to develop a composting program at the Marina Landfill.  As an alternative, in the summer of 1995, a pilot trial was started at the Cranford Inc. site with yard trimmings and wood waste feedstock generated at the Marina Landfill.


Crop Trials  1995-96                            The presentation and discussion of these results will follow the order given in the Methods section.  All crop and soil data presented was subjected to statistical analysis appropriate to the experimental design.


Filice Farms                                          As noted in Table 2a, an onion crop was grown in 1995 with differing nitrogen and compost treatments.  Onion yield was significantly increased in all treatments with compost additions.  Figure A shows the plot yields averaged for all nitrogen fertilizer treatments.


Figure A.  Average Onion Yield as Affected by Compost Applications
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Onion yields in plots which received compost but no nitrogen fertilizer were lower than those where pre-plant and sidedress nitrogen.  The increase in marketable yield occurred due to a significant reduction in onion loss caused by the soil borne pathogen Fusarium basal plate end rot.  The suppression of this disease occurred at each compost application level (Table 9).  There was not a similar reduction in the incidence of another root pathogen (Pink root), thus suggesting that there was a specific type of microbial response in soil or some type of resistance response by the plants.


Table 9.  Effect of Compost Application on Fusarium Rot and Pink Root Diseases


_________________________________


  Compost         Fusarium      Pink  Root *


 (Tons/acre)         (% stand)       (# of roots)   


_________________________________


         0                  18.9               2.8


      2.5                    7.5               3.4


         5                    5.6               2.3


       10                    6.3               2.5


       20                    7.0               1.8


_________________________________


      LSD =                 4.1                 n.s.**


_____________________________________


*LSD = least significant difference  (p<0.05)  


**n.s. = not significant





The data for nitrogen treatments indicated that there were no yield benefits to the pre-plant nitrogen applied in Fall 1994.  Lower soil ammonium-nitrogen levels (data not shown) occurred in plots with lower nitrogen applications or higher (10- and 20-ton) compost applications, which weakly correlated with disease reduction.  Fusarium diseases are known to be encouraged by high soil ammonium, so it is possible that microbial tie-up of soil nitrogen due to compost incorporation may have been a factor.  However, this would not explain the disease reduction in plots with only 2.5 or 5 tons where little effect on soil nitrogen levels was observed.


Unfortunately, the field that we had used for this work was fumigated in the fall of 1995 and tomatoes were to be grown there in 1996.  Given the significance of the 1995 findings another block (on the same soil type) was chosen for 1996.  Due to equipment limitations in the fall of 1995, we were not able to mechanically apply compost lower than 10 tons per acre.


In 1996 onion yields from all compost applications of 0, 10, and 20 tons were identical (Table 10).  There was again substantial onion loss to Fusarium sp. in 1996, however there were no reductions due to compost applications.  In fact there was close to a statistically significant increase in the loss due to Fusarium sp. where 10 tons per acre compost was applied (Figure B).


Table 10.  Onion Response to Compost Applications in 1996


_________________________________


         Compost              Market  yield     


        (Tons/acre)                (lbs per plot)    


_________________________________


               0                           52.6


              10                          47.1


              20                          53.9


_________________________________


            LSD =                         9.2


_____________________________________


If there had been some biological control or induced plant resistance in the 1995 season, it was not apparent in 1996.  There were not any dramatic differences in the chemical characteristics of compost used (Appendix A) in 1995 and 1996.  However, in 1994 the compost had been produced in part with onion culls, where in 1995 fruit processing waste replaced onions.  Other variables included less winter rainfall in 1996; onions following peppers in 1995 and tomatoes in 1996; and higher levels of soil ammonium-nitrogen at mid-crop in soils with 10 and 20 tons in 1996 than observed at a similar stage in 1995 (data not shown).





Figure B.  Comparison of Onion Stand Loss Due to Fusarium Basal Plate End Rot in the 1995 and 1996 Seasons.
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Given the disease suppression trends in this crop observed in the 1995 season, it was thought that a shift in microbial activity, numbers, or community structure may be a critical causal factor.  Soil samples collected on April 4 and June 19 were incubated at 30oC for 14 days to measure carbon dioxide release due to microbial respiration.  This is one simplistic approach to determine if compost applications have altered the size or activity of soil microorganism populations.  In the April 4 samples, there was an increasing amount of carbon dioxide released in samples from 10- and 20-ton plots (Figure C).  However, only the 20-ton samples were statistically higher than 0-ton samples.  At June 19, there were no differences between compost treatments.  In the end these measurements shed little light on the differences in Fusarium rot incidence between 1995 and 1996.





Figure C.  Microbial Activity in Soil as Affected by 0, 10, and 20 Ton per Acre Applications of Compost for Onions.
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Tonascia Farms                                     In 1995 head lettuce and broccoli were grown in succession.  Applications of compost were made prior to each crop, as opposed to the prior fall season.  In addition to compost treatments, plots were split with different nitrogen fertilizer treatments.  However, there were no plots where sidedress nitrogen was eliminated, thus all plots received at least 160 lbs of actual nitrogen.  The spring lettuce crop showed no response to compost treatments applications, but yields were lower where no pre-plant nitrogen was applied (Table 10).  At the thinning stage nitrogen, phosphorus, and calcium levels were higher in lettuce grown with increasing compost applications (data not shown).  However, there were no differences in nutrient content later or at harvest.





Table 10.  Yield of Lettuce as Affected by Compost and Nitrogen Fertilizer Applications.


_________________________________


   Treatment*        Weight        # of heads


                           (lbs per plot)       (per plot)


_________________________________


  00+00+160           33.3               29.0       	  00+20+160           52.1               39.0   


  10+00+160           39.0               35.0        	  10+20+160           49.1               36.5


  20+00+160           33.0               30.0        	  20+20+160           57.9               44.5


_________________________________


      LSD =                11.4                   8.2


_________________________________


*Numbers separated by (+) are: compost +   	pre-plant + sidedress





Following lettuce, broccoli was grown with compost and nitrogen fertilizer treatments (Table 3).  In this trial, there was no pre-plant nitrogen applied to any plots and split treatments also included zero nitrogen treatments.  Again, there were no differences in yields of broccoli between treatments due to compost application, and no differences in yield due to nitrogen fertilizer applications (Table 11).


Broccoli receiving no fertilizer nitrogen or compost produced identical yields to that receiving a total of 285 lbs of nitrogen and 20 tons of compost.  Clearly there was sufficient nitrogen supplying power in this soil following lettuce in order to meet the needs of the broccoli crop.  There was 21 ppm nitrate-nitrogen in the soil prior to planting, which suggests that much of the nitrogen available to broccoli was residual nitrogen from previous lettuce fertilization.


Table 11.  Broccoli Yield in Response to Compost and Nitrogen Fertilizer Applications


_________________________________


   Treatment*         Weight       # of heads


                              (tons/acre)       (per plot)   


_________________________________


       00+00               5.62              17.0       	     00+294               5.10              14.5


       10+00               5.89              17.3       	     10+294               6.14              17.5


       20+00               5.49              16.3        	  20+294               5.23              14.8 


_________________________________


         LSD =                 n.s.                 n.s.


_________________________________


*Numbers separated by (+) are: compost +   	 sidedress N


There were no differences in the nutrient content of broccoli at the pre-bud stage or at harvest (data not shown).  There were also no differences in bacterial or fungal biomass in soil sampled at broccoli harvest, despite the season’s total compost applications of 20 and 40 tons (data not shown).


We were not able to initiate a trial in the spring of 1996 as the grower planted before compost was available.  Compost was applied in June, a full two months prior to planting lettuce.  During the previous trials in this block the soil had been managed with a minimum tillage which maintained permanent planting beds.  During the summer of 1996 the field was disked and ripped, then beds were listed again.


The field was cut for the bulk shred market, therefore the weight of the crop is the critical measure.  The weight per head increased equally with 10 and 20 tons compost alone or compost plus fertilizer (data not shown).   After the field was cut, the number of remaining plants was used to estimate the marketable yield. There were significant differences in plots receiving 10 and 20 tons of compost related to improved cut percentage (Table 12).  There was a statistically lower percentage cut in all treatments including fertilizer, due to a higher number of undersized heads. 


Table 12.  Lettuce Response to Compost and Nitrogen Fertilizer Applications


_________________________________


    Treatment     Stand     %Cut      Yield    


                        (plts/acre)              (tons/acre)


_____________________________________


       00+00	        25,460     91.4       18.2        	     00+180	        24,081     88.9       18.1


       10+00        26,257     93.6       20.8             	     10+180        26,475     90.2       20.1


       20+00        26,112     91.0       19.9        	  20+180        25,024     87.8       18.8


_________________________________               	     LSD =           n.s.          2.9         1.7 _________________________________


*Numbers separated by (+) are: compost +   	 fertilizer N


Nutrient analysis of lettuce at thinning, rosette, and harvest stages did not reveal any significant trends, with the exception of total nitrogen at harvest, which was consistently higher when fertilizer was applied.  


During the two crop seasons at this site we took soil samples for ‘snapshots’ of a few properties.  Table 13 shows that the four compost applications resulted in increases in soil organic matter, extractable phosphorus, and potassium.  The first sample (which shows some quite dramatic differences) was taken after two cumulative compost applications and the minimum-till incorporation of the previous crop residues.  The April 1996 sample was taken before any compost applications, thus represents the ‘residual‘ effect from the 1995 season.  The September sample was taken prior to the fall lettuce crop and following the compost application in June.


Table 13.  Cumulative Effects of Compost Applications on Selected Soil Properties at Tonascia Site.


_________________________________


   Compost       OM*         P            K      


   (tons/acre)         (%)              --- ppm ---


_________________________________


    Nov. 95


         0	2.0	  80	 512


       10         	2.4	  95	 593


       20	2.7	103	 639      


     LSD      	0.2	 9.7	 28.5


  ----------------------------------------


    Apr. 96


        0	2.0	  65	 454


      10	2.3	  66	 472


      20	2.3	  70	 498


     LSD            	0.3	 n.s.	 32.6


  ----------------------------------------


    Sept. 96


        0	1.9	  61	 382


      10	2.2	  67	 436


      20	2.2	  76	 450


     LSD	0.2	 7.8	 48.9


_____________________________________


  OM = organic matter, P = phosphorus, and


    K = potassium


Jefferson Ranch                                 The first crop of lettuce in 1995 was lost due to the flooding of the Salinas River.  Most of the lettuce stand was buried under the silt and clay that covered the field in mid-March.  As mentioned previously, compost was reapplied prior to the cauliflower crop which was planted in May.  For most of the yield determinations at this ranch, market yield was determined by evaluating plant stands and observing the harvest by commercial packing crews.  In 1996 samples were also cut and weighed to evaluate yield trends.


There was a variable response to compost applications.  The 12-ton plots had better final plant stands in contrast to the grower check (Table 14).  This was the only compost treatment that was different from the check.  Despite the large numerical differences in the percentage of the stand cut for harvest, the differences were not statistically significant.  Therefore, the effect on plant stand was the important facto********************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************************    87


_________________________________


   LSD =           698             168              n.s.


_________________________________





A planting of mixed lettuce followed the cauliflower crop.  Only the Romaine type was planted over all main plots and therefore was the only crop assessed for yield.  Two varieties of Romaine (Green Towers and Darkland Cos) were grown and no differences in yield occurred due to the residual effect of compost applications (Table 15).  There was a statistically greater plant stand with the Darkland Cos variety, but due to a very high percentage of plants cut for market, this did not contribute to increased market yield.





Table 15.  Yield of Two Romaine Lettuce Varieties to Residual Effect of Compost Applications.


_________________________________


 Compost             Stand            Yield


(Tons/acre)           (plt/acre)      (boxes/acre)


_________________________________


 var. Green Towers


   Check              25,279             993


        4                 25,690           1014


        8                 25,839           1039


      12                 24,570             972


      16                 25,951           1028


_________________________________


  var. Darkland Cos   


   Check              25,727             990


        4                 26,250           1025


        8                 27,370           1072


      12                 28,640           1125


      16                 28,453           1112


_________________________________


      LSD               1289                 n.s.


_________________________________





Following the lettuce, the soil in this field was still a patchwork of native soil and river deposit.  After additional tillage and compost applications in late 1995 and early 1996, the soil appeared much more homogenous.


In 1996 two crops of iceberg lettuce were grown.  The spring crop was harvested for the bulk lettuce market.  In this market the total volume and weight determine value.  There was an increased yield from 7.5 tons and a close, but not statistical increase from the 10 ton application (Figure D).  Again much of the yield response was related to higher final plant stands in the 7.5- and 10-ton plots.  However, there was also a strong numerical (but not statistical) trend towards lower plant loss due to lettuce drop disease caused by Sclerotinia minor which also contributed to the yield trends observed (Figure E).  There were no differences in head weight (24 heads were weighed per plot).





Figure D.  Yield of Head Lettuce in Response to Mushroom Waste and Compost Applications


�


The trend related to lettuce drop disease, while not statistically significant, was quite apparent in the field.  It is possible that if larger harvest plots were evaluated, it may have reduced the plot-to-plot variability and produced statistical significance  However, this observation does parallel some anecdotal evidence and implies that there could potentially be some reduction in the reproductive propagules (sclerotia) of Sclerotinia minor due to the presence and activity of parasitic fungi introduced with the compost.  As was observed in the Filice Farms onion data, this may not be an inherent property of all composts, and questions still remain as to how to maximize disease suppression properties.





Figure E.  Loss of Plants Due to Lettuce Drop Disease.


�


A second lettuce planting in late May had an additional set of compost treatments imposed on the field.  Compost was applied to listed beds at 2.5 and 5 tons per acre, then incorporated into the beds 7 days prior to planting.  Yield evaluations were made contrasting the residual effect of the previous fall’s broadcast applications made to level ground with the mid-season applications directly to beds.


There were no differences in lettuce yield in response to the compost applied in November 1995.  There was a statistical increase in yield where 5 tons of compost have been incorporated directly into beds prior to planting, though there was no response to 2.5 tons (Figure F).





Figure F.  Yields of Lettuce in Response to Fall season Applied and Pre-plant Compost Applications.


�


In addition to the crop assessment, soil samples were taken twice from the 0- and 5-ton plots at 21 and 44 days after planting.  Soil ammonium-N levels were not different at either date, however soil nitrate-N was consistently lower in soil from the 5-ton plots (data not shown).  This suggests that there was some microbial tie-up of fertilizer N, which did not have a negative impact on crop growth.


Additional soil samples were collected at 21 and 44 days after planting for analysis of microbial populations.  The samples were of bulk soil and the rhizosphere.  The rhizosphere includes the soil which is in intimate contact with roots, and therefore is influenced by bulk soil and the carbon and nutrients in the root zone.  It is assumed that microbial populations in the rhizosphere may better reflect the influence of amendments on soil microbiology.


At 21 days there were no differences in any microbial groups, and at 44 days aerobic bacteria, anaerobic bacteria, fungi, or Pseudomonas bacteria population estimates were identical in bulk soil.  Nitrogen-fixing bacteria (not shown) and actinomycetes in soil increased between 21 and 44 days after planting (Figure G).


Analyses for the rhizosphere revealed different trends.  Populations of fungi and Pseudomonas bacteria increased with time in response to the 5-ton treatment (Figure H).  Even more dramatic was the increase in nitrogen-fixing bacteria in the rhizosphere at 44 days after planting (Figure I).





Figure G.  Changes in Populations of Actinomycetes in Response to 5 Ton per Acre Applications of Compost.


�


   *CFU = colony forming units











Figure H.  Changes in Rhizosphere Populations of Fungi and Pseudomonas Bacteria in Response to Compost.


�





Figure I.  Changes in Rhizosphere Populations of Nitrogen-Fixing Bacteria in Response to Compost.


�





Rural Development Center                   In an effort to have another Salinas Valley crop demonstration, this non-profit training facility offered the use of one of their fields.  This was a potentially valuable collaboration as the certified organic farm is located on some of the poorer soils in the Salinas Valley.


A trial with broccoli was planned contrasting 0-, 5- and 10-ton applications. The compost was supplied by the Marina Landfill and was identical to the material used at the Jefferson Ranch.  The compost was applied to leveled ground and incorporated prior to listing and planting.


Unfortunately, there were problems related to irrigation and nitrogen management that made it impossible to get meaningful data from the trial.  The field was harvested for market but problems with furrow irrigation led to water surpluses and deficits in the field which caused quite variable crop growth.  There were also spots of nitrogen deficiency caused by non-uniform applications of organic nitrogen fertilizer which added to the variability.  Therefore no data was taken from this field.  Time limitations made it difficult to redesign for another trial in 1995, and in 1996 no attempt was made to establish a cooperative experiment.


UCSC Farm                                          The chicken manure/waxed cardboard compost produced by Glaum Egg Ranch was applied prior to the planting of potatoes in a trial originally established in 1991.  Over the four years there have been varying compost and organic nitrogen fertilizer treatments to assess the impact of no fertility additions, the residual impacts of previous compost applications, and single crop impacts at this certified organic site.  Compost was applied at 4 and 8 tons into a slot in listed beds.  These plots were compared to two other treatments with no compost additions.  One has received no amendments over four years and the other treatment (residual) had a total of 20 tons applied in the years prior to 1995.  Potato pieces (Red Lasoda and Yellow Finn varieties) coated with elemental sulfur and lime were placed in the slot, then covered.  


The yield of potatoes was affected to a small degree by a Phytopthora sp. infestation which killed the tops prior to maturation.  Both varieties responded positively to the 4 ton per acre applications with no further yield response to the 8 ton application (Table 16).  There appears to be a residual effect from previous years of compost applications.  The residual treatment (total 20 tons to previous five crops) increased the yield of both varieties and was equal to that of the 8-ton treatment.   This yield pattern is consistent with our observations of six different crops over four seasons, where we have seen little additional yield value, on this soil, to compost applications greater than 4 to 5 tons per acre.





Table 16.  Yields of Red Lasoda and Yellow Finn Potatoes in Response to Pre-plant and Residual Applications of Chicken Manure/Cardboard Compost.


_________________________________


  Compost        Total        Red       Yellow


 (Tons/acre)            -----   lbs per plot -----


_________________________________


         0    	 112         60.7        51.5


         4        	 130         66.5        62.8


         8       	 118         66.3        51.8


   RESIDUAL 	 122         65.0        57.0


_________________________________


       LSD =            7.4           4.8            4.2


_________________________________


Route 1 Farms                                    While a replicated trial was never established with this grower, a summary of the 1995 experience is important.  Originally, this grower was to have been a key collaborator in the evaluation of waxed cardboard composting.  In February of 1995, it was clear that there was going to be only one run of compost produced, due to the Glaum Family Egg Ranch concerns over composting permit requirements.  Therefore, we canceled plans for field trials with Route 1.  However, the compost produced in that first trial was maturing at the UCSC Farm site and it was decided to do a simple non-replicated evaluation in a small block.


Compost was applied at about 8 tons per acre prior to carrots and beets.  As shown in Appendix A, the material had quite high nitrogen and phosphorus levels, and early in the crop cycle, the crops were quite vigorous with excellent color.  At the first harvest of beets, it was noted immediately, that despite excellent size, almost all had a dimpled, golf ball appearance.  Soil sampling revealed that the damage was being caused by Symphylans, a centipede-like pest, which had never been a problem before.  The compost became the sole suspect with the best explanation being that the compost windrow was infested prior to transport.  This speculation seems quite plausible given that the windrow was covered during an extremely wet period in winter; the average windrow temperature at that stage was about 95oF; and the UCSC Farm began to have problems with Symphylans later that year and even more so in 1996.


Needless to say, this event was shocking to all concerned, particularly given the season high price on this crop at that time.  In comparison, the adjoining block of carrots continued to develop vigorously with no problems through harvest.





Water Holding Capacity


There have been no clear discernible changes in soil water holding capacity at the Jefferson Ranch site that could be ascribed to compost applications (Table 17).  As mentioned previously, the soil in this block range from loamy sands to silt loam in texture.  However, it is likely the flood event of 1995 lead to more changes than two years of compost additions.  Soil samples collected from each one acre main plot in November 1994 and April 1995 were evaluated for changes in texture (data not shown).  One plot had a change in total clay content from 3 to 11 percent with reductions in total sand content from 70 to 64 percent, while another plot’s clay content only increased from 3 to 5 percent.  Some plots had more changes in the silt fraction than either clay or sand.  Therefore little can be drawn from the data from this particular site.





Table 17.  Changes in Water Holding Capacity at the Jefferson Ranch Between 1994 and 1996


_________________________________


  Treatment*      1994      1996         Net


   (tons/acre)              ------ g H2O/ g soil -----


_________________________________


  Check (24)    	 .240       .252       +.012


       10.5         	 .219       .225       +.006


          21          	 .204       .204        none


       31.5         	 .206       .219       +.013


          42          	 .222       .243       +.021


_________________________________


        LSD             .019          n.s.           n.s.


_________________________________


*Check treatment had a cumulative total of 24 tons per acre mushroom waste





�
Conclusions





The relationship between the characteristics of different types of composts and their potential impact on soils and crop productivity are still unclear to most growers and researchers.  It is a mistake to assume that all composts will provide the same benefits in the diversity of soils, crops, and management systems.  Anecdotal information abounds of successes and failures.  There are ardent believers and skeptics.


Today, there are a number of start-up and established compost production business here in the Monterey Bay Region, either on-farm or commercial agricultural based.  Certainly, the production infrastructure is developing more rapidly than the market.  It will take a number of years to fully realize a significant agricultural market for composts made exclusively or, in part, with municipal yard trimmings and other organics.  There is still more work that must be done to develop effective links between municipal waste managers, haulers, compost producers, and growers.  


The variability in composts will continue to be a market challenge.  Many compost producers are on a “learning curve” in development of consistently high quality materials, while the perceived value of the material by growers is still in flux.  Certified organic production can be assumed to be a reliable, though limited market for composts, however it is apparent that growers in this region are still ‘shopping’ around the various producers.  For most growers the  traditional organic amendments, manures and mushroom waste, have a ‘history’.  This implies that these materials have been found to have a predictable impact on soil properties and crop production.








The cost of these materials on a per ton basis will always be lower than composts.


Some of the properties that make composts different from non-stabilized wastes (e.g. manures) can limit their acceptance.  In many cases, growers are interested in purchasing organic matter to replace that which is assumed to be lost from soil annually.  In some cases organic amendments are applied to quickly improve the tilth of soil or to supply additional nitrogen to plants.  Economic applications of compost may not be competitive in these cases.  The varied properties of compost resulting from different feedstocks, process technologies, curing times affect the quantity and quality of the organic matter.  As shown in Appendix A many of the composts used in this project were actually much lower in organic matter (or organic C) than manures or mushroom waste.  While the nitrogen content of some stabilized composts can be exceptional (see chicken/cardboard compost), in general, composts are significantly lower in total and available nitrogen than are other organic amendments.  On a ton by ton basis they are not going to appear competitive with other organic matter amendment.


Advocates of compost use in soils traditionally point to long term improvements in soil that would not have occurred in the short duration of this project.  For the grower that owns the land or, at least has a long-term lease, placing confidence in such “capitalization” may make sense.  For others there may have to be some clear short-term advantages to compost use that will justify the expense.  High value crops (vegetables and small fruits) farmed intensively may experience more


 profitable short-term returns over others.  However, it is likely that not all composts may fit the needs of these production systems.  For example, within the past three years, a number of growers have experimented with composts produced from 100 percent yard trimmings and found them to be unacceptable.


The results of our grower demonstration trials have been quite variable, which is not surprising.  The occasional yield advantages that were observed at the Jefferson Ranch with lettuce and cauliflower were countered by the lack of differences with lettuce and broccoli observed at Tonascia Farms.  The composts applied came from different sources and crop management systems were different.  At the Jefferson Ranch compost was applied in the fall and incorporated by ripping, disking, and listing, where at Tonascia Farms material was applied immediately prior to planting and was applied and incorporated directly in minimum till beds.  When compost was applied directly to beds prior to planting at the Jefferson Ranch, there was a significant impact on yield.  At Tonascia Farms we have worked on a clay loam soil with about 2 percent organic matter, while at the Jefferson Ranch it was on loamy sand to silt loam with an average of less than 1 percent organic matter.


At this time these differences can only be left to speculation.  The inherent properties and productive capacity of a clay soil with higher organic matter are different than a lighter textured soil.  The compost source may be important, although the chemical characteristics of all these materials was somewhat similar (Appendix A).  How important are inherent soil characteristics in determining the value of compost additions?  How critical is the overall management practice and application timing?


In a similar clay soil type in the same locale, we observed a very significant reduction in a key disease of onions in 1995.  The suppression of Fusarium basal plate end rot was equivalent with applications of 2.5, 5, 10, and 20 tons per acre, suggesting that a biological phenomena was operative.  The compost came from the same source as that used at Tonascia Farms and applied to onions for 1996 when there was no suppression of Fusarium rot.  How critical is the “microbiology” of compost in achieving short-term yield advantages?


The MBCP has provided a basis for future development of composting  and use in production agriculture.  For a few select growers it has allowed a direct “minimum cost” experience with some new soil amendments now being produced in the region.  Concurrent with this project interest and experimentation by other growers and packer-shippers has noticeably increased.  However, there are still many questions to answered and more years of experience required to determine how large a role composts can play in regional production systems.








�
Recommendations





Continue Structured On-farm 	Research Studies


Currently, many growers consider compost to be an expensive alternative when compared to manures and mushroom waste.  There is not much information available to these growers that directly contrast these materials, particularly in providing guidance on desirable compost characteristics and specific application recommendations.  As interest by growers has increased, so has the number of questions that are best addressed by structured research.


In order to expand the markets for composts and the diversion of organics from municipal landfills consistent products with predictable short-term benefits must be available that can be economically competitive with existing organic amendments.  Clarification of the differences in the characteristics of organic matter of differing organic amendments is critical.  While compost can, in part, be defined as stabilized organic matter which should increase its duration in soil, most composts have a lower organic matter content than other amendments.  Which is more important?


The bulk of anecdotal information suggests two potential properties of composts that may be important in achieving short-term productivity advantages over other organic amendments.  In the course this project we have observed the ability for some compost amendments to suppressive certain plant diseases and to perhaps improve the use of fertilizer nitrogen.  This potential has been documented in a very limited scientific literature but has not been widely applied in the development or analysis of crop management systems.











Currently two of the largest challenges to vegetable and small fruit production in the region are increasing pressure from soil borne plant diseases and increasing nitrate levels in groundwater.  Research on best management practices for reducing nitrate leaching have been implemented across the state over the past four years, but few studies have considered the interactions between fertilizer nitrogen and organic matter.  While not the focus of intensive investigation in this project, there were a number of instances where there appeared to be some reductions in nitrate-nitrogen in soil with no negative impact on crop productivity.  The same can be stated for the potential impact of compost on crop diseases.  There have been many requests, particularly from compost producers, for more research support to enhance these properties and their predictable performance in specific crop production systems.


Determine Key Cropping Systems 	and Recognize Economic Barriers


The expectations of increasing soil organic matter by the compost use, with its related effects on soil structure, water- and nutrient holding capacity, and soil microbial populations must be tempered by the realities of the region’s intensive crop production systems.  Certified organic growers represent an existing market in the region which relies heavily on such organic matter inputs to soils.  Many of these operations compost on-site to assure supply, quality, and price.  However, certified organic acreage is not great enough to divert all of the yard trimmings generated in the region.  Growers who lease land on a year-to-year basis have less incentive to use compost 


unless there is an immediate and consistent improvement in the economic bottom-line.  In most cases improvement in soil quality will not occur immediately but likely over a number of years which can not be justified by many growers.


Improve Cooperation Between 	Processor’s and Compost 	Producers


More time must pass for the emerging composting industry to mature in this region.  Currently the bulk of yard trimmings being used by compost producers is not coming from the tri-county region.  Price, availability, and quality have fluctuated over the past two years.  Local sources of yard trimmings have been found to be lacking in availability, quality or are not priced competitively.  Given the economic competitiveness of manures and mushroom wastes, the dollar value of yard trimmings for agricultural compost is minimal.  


There must be more efforts by municipal waste managers and compost producers to cooperatively divert and reuse organic matter in a cost-effective manner.  To date a few producers in this region have sought to receive tipping fees for yard trimmings which could support processing costs while adding value to products.  The feasibility of such arrangements will vary according to locale.


Summary


It is unclear how much the well attended field days associated with the MBCP have impacted grower interest or decisions.  The emerging compost industry is currently relying on word of mouth to enhance markets, which has its limits.  Some growers are ‘shopping’ around in their efforts to find useful and consistent compost inputs, while others remain unconvinced.  As mentioned previously, the increased attention to composting and compost use in this region has been noticeable.  Many ‘conventional’ growers are experimenting on small areas on their own or in cooperation with private or UC researchers.  Following last year’s E. coli situation a number of packer-shippers will not be purchasing products which have been grown on land which has had raw manure applied.  This may result in more material being at least partially composted.


The demonstrations have shown varying effects and a lack of predictability of compost applications on yields, perhaps related to different feedstocks, processing, soil types, and fertility levels.  This has increased the number and focus of questions posed by compost producers, growers, and researchers.  In this context the MBCP has been a stimulus, but much more specific development will be required to fully realize the potential in this region.
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Appendix A. 





Selected Chemical and Physical Characteristics of Composts.





________________________________________________________________________


   Compost      H2O       Ash        C         N         P        K          C:N           pH            EC 


                            ----------------------- % ----------------------                                        (mmhos/cc)


________________________________________________________________________


   Herbert Ranch


	H-1	10.1	78.5	  9.6	1.01	0.31	1.45	  9.5	 8.5	5.3


	H-2	32.1	77.2	10.9	0.98	0.27	0.94	11.0	 8.8	3.4


	H-3	33.8	77.4	11.2	1.10	  --	  --	10.2	 8.6	 --


	H-4	31.5	72.7	13.6	1.10	0.62	2.00	  8.0	 8.2	4.0


   Marina Landfill


	M-1	49.6	67.0	16.5	0.70	0.22	0.43	12.0	 7.6	1.0


	M-2	13.9	50.9	24.6	0.67	0.16	0.43	37.0	 7.9	0.9


   Glaum Ranch


	G-1	46.6	41.0	29.5	3.20	5.90	5.30	  9.0	 7.3	7.1


   Cranford Inc.


	C-1	28.4	74.4	11.6	0.98	  --	  --	11.8	  --	 --


	C-2	36.7	77.9	10.8	0.86	  -	  --	12.6	  --	 --


	C-3	25.8	75.7	  9.2	0.49	  --	  --	18.8	  --	 --


	C-4	23.2	77.8	11.1	0.68	 0.49	 1.45	16.3	 8.3	3.8


   Mushroom waste


	MW	53.2	48.9	28.2	3.72	  --	  --	  7.6	  --	 12.3


________________________________________________________________________


*Legend:   H2O = moisture content;  Ash = inorganic matter;  C =  total organic carbon; 


     N = total nitrogen;  P= total phosphorus;  K = total potassium;  EC = electrical conductivity
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Appendix B.








Final Compost Market Assessment


�



At a number of intervals in the project period there has been a rough estimation of the amount of compost, produced wholly or in part with yard trimmings, that has been sold in the region.  This estimate was initially based on discussions and projections for the coming year with the more visible composting operations in the three county area.  However as time has passed we have been increasingly aware of many smaller production sites on farms and other areas which are not possible to estimate.  Estimates are based on direct conversations with most of the producers, as well, as conversations with a small set of growers.


Since 1994 there has been an increase in the number of businesses receiving yard trimmings for the production of compost. At the outset of this project we were aware of four significant composting operations which received material from Santa Clara County.  At this time there at least eight facilities producing at least 500 tons per year.  In addition we have first hand knowledge of nine other operations which are either producing for on-site use and/or make small sales in a localized area.


There was a large expansion of production in 1995 as two additional composting sites were in start-up. However, it is unclear if the agricultural 








market absorbed all of it, despite a strong market for many crops.  After soliciting projections for the 1996 year, at least two operators decided to reduce their production for the 1996 year.  One compost operator was had production restricted due to difficulties in securing a new site and permit.  Therefore there were smaller outputs than initially projected at a number of sites in 1996, which was countered by an increased number of operations.  





Comparison of Compost Production Between 1994 and 1996


_________________________________


      County                 Estimated Production


                                            (tons per year)


_________________________________





  1994


    Santa Cruz		      500


    Monterey		   2,000


    San Benito		 12,000





  1995


    Santa Cruz		   1,500


    Monterey		 25,800


    San Benito		 21,000





  1996


    Santa Cruz		   1,500


    Monterey		 23,800


    San Benito		 17,000


_____________________________________
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