
ABSTRACT 
 
 

FERGUSON, MARY HELEN. Evaluation of Three Commercially-Available Composts for 
Use in Strawberry Production on Plastic. (Under the direction of Gina Fernandez.) 
 

Intent to farm organically and restrictions on the use of methyl bromide (MeBr) are 

two reasons why some growers have sought alternatives to the MeBr and chloropicrin 

fumigant mixture traditionally used in annual strawberry (Fragaria x ananassa Duch.) 

production on plastic mulch.  This study investigated the effects of three commercially 

available composts in a strawberry production system using organic practices.  The composts 

included one made from a 50:50 mixture of pine bark and peanut hulls (“PBPH”); one based 

on a blend of food waste, animal manure, and egg shells (“egg shell”); and a certified organic 

compost containing only poultry litter (“organic”).  Cultivars Bish, Sweet Charlie, Camarosa, 

and Chandler were tested in Year 1, and the latter two cultivars were used in Year 2. 

 No effect on marketable yield was found, but cull incidence was lower in the egg 

shell compost treatment than others in the second season, possibly due to the combined effect 

of high calcium in that compost, resulting in firmer and more rot-resistant berries, and high 

tissue N early in the spring, resulting in larger berries.  Differences were found in average 

berry weight in both seasons, but the differences were not consistent.  Low nitrogen 

conditions prevailed in both harvest seasons, likely lowering yields. 

The three composts differed with respect to nutrient levels, soluble salts, and carbon 

to nitrogen (C:N) ratio.  One or more composts increased pH and CEC, decreased soil bulk 

density, or increased soil organic matter, but not all were equally effective in these respects.  

The PBPH compost had the highest C:N ratio and the lowest soluble salt, pH, and dry matter 

levels.  It had the least effect on soil nutrient levels but was effective in increasing levels of 



soil organic matter.  The egg shell compost contained high levels of calcium and iron, while 

the organic compost contained the highest levels of most nutrients and had the greatest effect 

on soil and tissue nutrients levels.  The organic compost also had the highest soluble salts and 

pH, the lowest C:N ratio, and was the only compost found to decrease bulk density.   It was 

under-matured in Year 1, highlighting the need for quality control.  Both egg shell and 

organic composts increased soil calcium, pH, CEC, and soil organic matter.         

 The organic compost treatment sometimes had more root rot than other treatments, 

possibly due to the high level of soluble salts in the compost.  There was evidence of plant 

stunting in the organic compost treatment in Year 1, but differences did not persist 

throughout the season.  Plants in the egg shell compost treatment were stunted early in Year 

2, compared to the other two compost treatments, likely because of a lower rate of available 

nitrogen in that treatment than in others.  There were some instances of superior plant growth 

in the PBPH treatment in the second year, for ‘Camarosa’.  ‘Camarosa’ plants typically had 

more root rot than ‘Chandler’ plants, but marketable yields were not significantly different or 

were greater in ‘Camarosa’.   

 The ability of compost to alter soil properties—including nutrient levels, pH, CEC, 

and percent organic matter—was demonstrated, although disease suppression was not 

observed.  Growers can benefit from using compost analyses to determine what compost to 

use, when to apply it, and how to fertilize in conjunction with compost application. 

  
 
 
 
 
 
 
 



 
 
 
 
EVALUATION OF THREE COMMERCIALLY-AVAILABLE COMPOSTS FOR USE IN 

STRAWBERRY PRODUCTION ON PLASTIC 
 
 
 
 

by 
MARY HELEN FERGUSON 

 
 
 
 
 

A thesis submitted to the Graduate Faculty of 
North Carolina State University 

in partial fulfillment of the 
requirements for the Degree of  

Master of Science 
 

 
 

HORTICULTURAL SCIENCE 
 
 

Raleigh 
 

Fall 2006 
 

 
 

 
APPROVED BY: 

 
 
 

_____________________________ 
Gina E. Fernandez—Chair of Advisory Committee 

 
 
 

_____________________________                            _____________________________ 
Carl R. Crozier                                                                  Frank J. Louws 



 

BIOGRAPHY 

 Mary Helen Ferguson grew up in Bogalusa, LA, and attended high school in nearby 

Covington.  Her inclination towards agriculture was supported by her grandparents’ gardens, 

her uncle’s farm, and Strong River Camp and Farm.  She went to Birmingham-Southern 

College in Alabama, where she majored in biology.  Her interest in agriculture evidenced 

itself in extracurricular activities, particularly working with urban and school garden projects, 

and coursework, including study at Educational Concerns for Hunger Organization in 

Florida.  After graduating from BSC in 2004, she came to North Carolina State University to 

study horticultural science.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ii



 

ACKNOWLEDGEMENTS 

 Thank you to my advisor, Gina Fernandez, for allowing me to work with her and for 

supporting my interest in and imparting her knowledge about small fruits and extension 

work.  To committee members Frank Louws and Carl Crozier, thank you for reading this and 

for taking time to help me get a master’s degree.  A huge thank you to Tomas Moreno, for all 

his hard work and for driving and letting me sleep.  It’s been a pleasure to work with you. 

 Jim Driver saved me from hours of mental agony over root ratings.  Thank you to 

Leonor Leandro for help with root ratings, for moral support, and for refreshing me on the 

root sampling protocol.  Brittianie Ward, Matt Kudla, Chris Crawford helped with field and 

lab work.  Thanks to Mike Carnes for plating root samples.  Bill Swallow and Cavell 

Brownie provided much appreciated assistance with statistical analysis.  Paul Nelson allowed 

me to use his lab and reviewed nutrition data.  Thank you also to Nancy Mingis and William 

Reece for their assistance with lab work.  Ken Fager provided appreciated advice on cover 

crops and valuable information about organic fertilizer sources.            

 A big thank you to Bill Perry, Eddie Mozingo, Eddie Pitzer, and the crew at Cherry 

Research Farm.  McGill Environmental Systems and Brooks Contractor donated compost, 

and the N.C. Strawberry Association provided funds for this research.  

 Thank you to my fellow grad students for their camaraderie and support, and 

especially to my roommate, Stephanie Romelczyk, who has made this last year of grad 

school more enjoyable and provided much appreciated help in the field.  My appreciation to 

the horticulture faculty members who have supported my education and to Rachel 

McLaughlin, for helping us grad students through the system.  Finally, thank you to my 

 iii



 

parents, John and Sandra Ferguson, and my grandparents for their love and support, and to 

my family members here in N.C. who have supported me during my time here. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 iv



 

TABLE OF CONTENTS 
Page 

LIST OF TABLES………………………………………………………………….. vi 
LIST OF FIGURES…………………………………………………………………. vii 

LITERATURE REVIEW…………………………………………………………… 1 
 Introduction…………………………………………………………………. 1 
 Compost production………………………………………………………… 1 
 The role of composts in fertility management...……………………………. 5 

Fertility management and monitoring in plasticulture strawberry production 7 
 Compost and disease suppression…………………………………………... 8 
 Cultivars……………………………………………………………………... 10 
 Literature cited……………………………………………………………… 13 
  
EVALUATION OF THREE COMPOSTS AND THEIR EFFECTS ON SOIL  
PROPERTIES AND STRAWBERRY GROWTH, DISEASE, AND YIELD……... 23 
 Introduction…………………………………………………………………. 23 
 Materials and methods………………………………………………............. 25 
 Results………………………………………………………………………. 31 
 Discussion…………………………………………………………………… 38 
 Conclusions………………………………………………………………….. 46 
 Literature cited………………………………………………………………. 49 
 
APPENDICES………………………………………………………………………. 73 
 Appendix A. Calculations of estimated nitrogen availability………………. 74 
 Appendix B. Details of compost x cultivar interactions for pine  
 bark-peanut hull (PBPH), egg shell, and organic compost treatments 
            and control, and cultivars Bish (BI), Chandler (CH), Camarosa (CR),  
            and Sweet Charlie (SC).   …………………………………………………... 75 
 Appendix C. Leaf tissue nutrient content of strawberry cultivars  
 Bish (BI; Year 1 only), Chandler (CH), Camarosa (CR), and  
 Sweet Charlie (SC; Year 1 only)……………………………………………. 79 
 Appendix D. Strawberry plant growth data for cultivars Bish (BI),  

Chandler (CH), Camarosa (CR), and Sweet Charlie (SC) in Year 1.……….. 82 
Appendix E. Strawberry plant growth data for cultivars Chandler (CH)  
and Camarosa (CR) in Year 2……………………………………………….. 84 
 
   

   
 
 
 
 
 
 
 

 v



 

LIST OF TABLES 
    Page 

Table 1     Modified Horsfall-Barrett scale used to rate root rot……………………. 55 
 
Table 2     Marketable and total yield/plant (g), percent cull (%), and average 
       berry wt (g) of three compost-amended treatments and a control  
       and of strawberry cultivars Bish (BI; Year 1 only), Chandler (CH),  
       Camarosa (CR) and Sweet Charlie (SC; Year 1 only)………………….. 56 
 
Table 3     Marketable and total yield/plant, and average berry wt, from  
      Year 1 separated by cultivar due to significant interactions……………... 57 
 
Table 4     Nutrient and Na levels (ppm), pH, soluble salts (dS/m), carbon to  
       nitrogen (C:N) ratio, and dry matter (%) in three composts…………….. 58 
 
Table 5     Germination rate (%), maturity index (%), conductivity (dS·m-1), pH,  
       and respiration rate (mg O2/kg compost dry solids·hr) of three  
       composts in Year 1.……………………………………………………… 59 
 
Table 6     Soil nutrient and Na levels, base saturation, pH, and cation 
      exchange capacity (CEC) for three compost-amended treatments  
      and a control…………………………………………………………….. . 60 
 
Table 7     Strawberry leaf tissue nutrient content in three compost-amended  
      treatments and a control…………………………………………………. 62 
 
Table 8     Root rot and root vigor ratings for strawberry plants grown  
      in three compost-amended treatments and a control…………………….  65 
 
Table 9     Root rot and root vigor ratings for strawberry cultivars Bish  
      (BI; Yeare 1 only), Chandler (CH), Camarosa (CR), and Sweet  
      Charlie (SC; Year 1 only)……………………………………………….  66 
 
Table 10   Incidence of fungi on ‘Chandler’ root samples…………………………. 67 
 
Table 11   Strawberry plant growth data for three composts and a control  
       in Year 1………………….………………………………………….….  68 
 
Table 12   Strawberry plant growth data for three composts and a control  
      in Year 2……………….…………………………………………….…..  70 
 
 
 
 
 
 

 vi



 

LIST OF FIGURES 
Page 

Figure 1     Bulk density of soil amended with three composts…………………..…. 72 
 
Figure 2     Percent organic matter in soil amended with three composts…………… 72 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vii



 

LITERATURE REVIEW 

Introduction 

 Most strawberry (Fragaria x ananassa Duch.) production in North Carolina, as in 

other Southeastern states and California, involves re-planting annually on raised beds 

covered with plastic mulch.  Growers have been using methyl bromide (MeBr) and 

chloropicrin in conjunction with this system.  This fumigant mixture functions as a highly 

effective microbiocide and herbicide (Wilhelm and Paulus, 1980).  However, it has been 

determined that MeBr contributes to the depletion of the ozone layer, and as of 2005, it was 

only to be available to growers with a critical or emergency use exemption (U.S. 

Environmental Protection Agency, 2000).   

 While some growers have been or are being forced to abandon MeBr for this reason, 

others have done so in order to farm organically.  Organic agriculture has increased 

considerably in recent years, with fresh fruits and vegetables being a major component of this 

growth (Dimitri and Greene, 2002).  Not only is MeBr forbidden in organic systems, but so 

are any of the proposed synthetic-chemical alternatives.  Thus, organic growers need another 

strategy for managing the effects of pathogens and weeds.  One approach that has been 

suggested for addressing disease in organic systems is the use of compost.     

Compost production 

 Compost is derived from a process that involves subjecting one or more types of 

plant- or animal-based inputs to managed moisture levels, temperature, and aeration.  The 

composting process differs from natural rotting in that the conditions under which the raw 

materials decompose are adjusted in order to obtain the desired product (Hoitink and Fahy 

1986).  There are three recognized stages of compost production, and they differ with respect 
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to the temperature of the pile, the activities of microbes, and the chemistry of the organic 

matter (Hoitink and Fahy, 1986; Hoitink et al., 1997).  The first stage involves a rise in 

temperature and the breakdown of “readily degradable compounds,” including sugars, and 

lasts approximately one or two days (Hoitink and Fahy, 1986; Hoitink et al., 1997).  

According to Hoitink et al. (1997), after a point, the temperatures rise to a level inhospitable 

to many beneficial microbes.  However, Nakasaki et al. (1985) found that mesophilic 

bacteria, along with thermophilic bacteria and actinomycetes, survived the high temperature 

stage of composting.  The temperatures at this stage range from 55 to 70 °C (Hoitink et al., 

1997).  This second stage may continue for a period of months and includes the decay, 

primarily, of cellulose (Hoitink and Fahy, 1986).  Finally, temperatures decrease when the 

breakdown of organic matter slows, and microbes, moving in from the cooler edges, re-

colonize the substrate (Hoitink and Fahy, 1986; Hoitink et al., 1997).  This stage, called 

stabilization or curing, is when the majority of biocontrol organisms become established 

(Hoitink and Fahy, 1986; Hoitink et al., 1997).   

Adequate heating and aeration of compost are important.  Pathogen destruction in 

aerobic composting processes is predominantly attributable to heat, although other factors, 

such as toxic compounds, may assist (Bollen, 1993); heat is more dependable and measurable 

than other potential contributors (Bollen, 1993; Burge et al., 1981).  Adequate aeration is 

necessary to avoid toxic substances, such as alcohols and low molecular weight organic 

acids, that result from anaerobic decomposition (Hoitink and Fahy, 1986).  Unless one has 

another way to ensure that the entire pile is sufficiently aerated and reaches the necessary 

temperature, it should be turned (Hoitink and Changa, 2004).  National Organic Program 

regulations require that compost in windrow systems be turned at least 5 times during the 15 
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days when it must be at temperatures of 131 to 170 °F (U.S. Department of Agriculture, 

n.d.).   A bucket loader or specialized implement can be used to turn compost in windrows, 

or it can be rotated in a drum (Rynk and Richard, 2001).  Turning may or may not be 

combined with systems that force air through compost (Rynk and Richard, 2001). 

After heat eradicates the majority of microorganisms, the biological control agents 

needed to suppress diseases do not always repopulate the compost (Hoitink et al., 1997).  

Hoitink and Changa (2004) warn that yield loss due to Rhizoctonia spp. is frequently 

exacerbated by composts that do not contain the particular microbes needed for the 

pathogen’s control.  Hoitink et al. (1997) cite longer curing time (at least four months), soil 

amendment in advance of planting, and compost inoculation as three ways to increase 

composts’ effectiveness in suppressing disease (Lumsden et al., 1983; Kuter et al., 1988; 

Kwok et al., 1987).  While inoculation may be more important in container than field 

production, since microbes can be given time to colonize field soil after amendment and 

before planting, it is widely believed that purposefully integrating beneficial microbes can 

increase the reliability of disease suppression by compost (De Ceuster and Hoitink, 1999; 

Hoitink and Changa, 2004; Hoitink et al., 1997; Litterick et al., 2004; Zinati, 2005).  

Moisture and pH are two more factors that affect compost quality, including its 

colonization by biological control agents (Hoitink and Changa, 2004).  Zinati (2005) reports 

that a sufficiently high moisture level and pH have been found necessary for the growth of 

beneficial microbes in curing compost.  Hoitink and Changa (2004) suggest an initial 

moisture level of 60-70% (total weight) to avoid the conversion of ammonium to ammonia, 

which escapes as a gas, and a moisture level greater than 45% while the compost cures.   

Insufficient moisture can result in a disproportionately high level of fungal rather than 
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bacterial colonization and problems with Pythium spp. (Hoitink and Changa 2004; Hoitink et 

al., 1997).  Beneficial bacteria need a pH of at least five (Hoitink et al., 1997). 

 The terms “maturity” and “stability” are used frequently in reference to compost.  

Maturity is the extent to which phytotoxic compounds have been degraded or are no longer 

present in the compost, whereas stability, which is estimated by measuring microbial 

respiration, is how well input materials have broken down to form less readily-degradable 

substances (BBC Laboratories, Inc., n.d.).  Stable compost is not necessarily mature, but 

mature compost is always stable (Raviv, 2005).   

Inbar et al. (1993a) demonstrated the importance of adequately matured compost to 

good plant growth and concluded that the detrimental effects of immature compost appear to 

be chiefly attributable to phytotoxic compounds and, to a lesser extent, oxygen deprivation.  

High microbial activity can induce oxygen deprivation (Hoitink and Fahy, 1986).  Immature 

compost can negatively affect the availability of nitrogen, as well as oxygen (Hoitink and 

Fahy, 1986).  Difficulties associated with immature composts can be avoided if they are 

incorporated a sufficient amount of time before the crop is planted (Hoitink et al., 1997).  On 

the other hand, compost should not be so mature that the substances on which biocontrol 

agents survive have decomposed (De Ceuster and Hoitink, 1999; Hoitink and Boehm, 1999).  

Physical structure can be negatively affected and salt content can be too high if compost is 

stabilized for too long (Hoitink and Fahy, 1986).  

High salt levels can also be an issue when manure is an input or when material made 

using high-salt inputs is applied at a high rate (DeCeuster and Hoitink, 1999; Stone et al., 

2004).  Diseases caused by Pythium and Phytophthora are exacerbated by high salt levels 

(DeCeuster and Hoitink, 1999; Hoitink et al., 1997).  If compost is applied in the season 
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previous to planting, leaching can occur, and growers may be able to avoid problems 

associated with high salts (Hoitink and Schmitthenner, 1988; Hoitink et al., 1997).        

The role of composts in fertility management 

Composts supply readily-available and mineralizable nutrients and affect nutrient 

availability based on their carbon to nitrogen (C:N) ratio, their effect on pH and cation 

exchange capacity (CEC), and the effects of chemical substances in the compost, or produced 

as a result of amendment.  Nutrient levels in compost vary depending on what raw materials 

are used and on what and how much is lost as gas and through leaching (Dick and McCoy, 

1993).  Compost-supplied nutrients become available in soil as microbes convert them to 

inorganic forms (Brady and Weil, 2004; Dick and McCoy, 1993).  Phosphorus, though, has 

been found to already exist largely in inorganic compounds in compost (Dick and McCoy, 

1993).  Compost has an advantage over some other nutrient sources in that it contains 

secondary nutrients and micronutrients (Dick and McCoy, 1993; Warman and Cooper, 2000).  

A number of site- and management-dependent factors influence how quickly nutrients from 

soil organic matter become available to crops (Seiter and Horwath, 2004).       

If the carbon to nitrogen (C:N) ratio of a compost is too high, nitrogen availability in 

the soil may decrease as microbes stimulated by the compost assimilate nitrogen (Dick and 

McCoy, 1993).  Inputs and stability level affect whether or not compost immobilizes nitrogen 

(Hoitink and Changa, 2004; Hoitink and Fahy, 1986).  Baldwin (2001) estimates that 

incorporated compost with a C:N ratio of less than 10 will release 50% of its total nitrogen in 

the first season.  The estimated availability declines as the C:N ratio increases (Baldwin, 

2001).  For C:N ratios of 10 – 15, 16 – 20, 21 – 25, and >25, the estimated nitrogen 

availabilities are 25%, 10%, 5%, and 0%, respectively (Baldwin, 2001).  Amlinger et al. 
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(2003) estimate that 3-8% of total remaining nitrogen from compost is released yearly, after 

the year of amendment.  Effects of compost amendment on nitrogen uptake may be long 

term.  Dick and McCoy (1993) cited an example in which more nitrogen seemed to be 

available to plants in compost- than inorganic fertilizer-amended plots, after the twentieth of 

a 60 year study.   

Depending on how a compost affects soil pH, nutrient availability and uptake can be 

affected.  As a general rule, the availability of macronutrients in soil increases with 

increasing pH, while that of micronutrients, with the exception of molybdenum, decreases 

(Brady and Weil, 2004; Mengel and Kirkby, 2001).  At the same time, elements that occur in 

the soil as cations are taken up by plants at a faster rate at higher pHs, while anion uptake is 

faster at lower pHs or is unchanged by pH (Marschner, 1995).  Increases in pH can also 

result in higher CEC, which increases the level of cationic nutrients that are retained (Brady 

and Weil, 2004).  In addition to the impact that it can have on CEC through pH, compost can 

also raise CEC via negative charges on organic matter (Mengel and Kirkby, 2001; Seiter and 

Horwath, 2004).   

Several micronutrients, Hoitink and Changa (2004) claim, are made more available 

by the humic substances in compost-amended substrates.  Microbe-produced and organic 

matter-derived chelators can increase the level of plant-available micronutrients (Marschner, 

1995; Seiter and Horwath, 2004).  Siderophores, specifically, chelate iron so that it is more 

available to plants but less available to other microbes (Hoitink and Changa, 2004; 

Lockwood, 1988).  Microbes in compost and soil organic matter can also produce hormones 

and other compounds that stimulate plant growth (Hoitink and Changa, 2004; Seiter and 

Horwath, 2004).  Plants may or may not show improved plant growth due to soluble organic 
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compounds in humus, as sufficient levels are often already present in the soil (Brady and 

Weil, 2004).   

One complication associated with using compost to supply nitrogen and other 

nutrients is that, since availability depends largely on mineralization by microbes, nutrients 

may not be available when the crop needs them (Dick and McCoy, 1993).  Conversely, 

nutrients may become available when the crop is not ready to use them and leach from the 

soil (Dick and McCoy, 1993).  If one uses the quantity of compost necessary to provide all of 

the nitrogen a crop needs, phosphorus pollution may result (Preusch et al., 2004). 

Too much nitrogen can accumulate in the soil when composts are applied year after 

year, and this can negatively affect biological control and exacerbate some diseases (Hoitink 

and Changa, 2004).  Excessive nitrogen can also result in environmental pollution.  

Therefore, when applying compost, one should consider how much nitrogen the plants will 

need and how much is already available in the soil (Hoitink and Changa, 2004).  It may be 

necessary to adjust fertilizer rates to account for the nitrogen contribution from compost, 

since failing to do so can result in a higher level of disease (Hoitink and Changa, 2004; 

Hoitink and Fahy, 1986, R. Alexander Assoc., Inc., 2001).  

Fertility management and monitoring in plasticulture strawberry production 

Sixty-seven kilograms per hectare is the default recommendation for fall, pre-plant 

strawberry nitrogen fertilization in North Carolina (Campbell and Miner, n.d; Poling and 

Monks, 1994).  Approximately the same amount, or 0.84 kg·ha-1·day-1, is suggested for the 

spring, when fertilizer is applied through the irrigation system (Campbell and Miner, n.d.).  

Application of nitrogen should start around the time that spring growth begins and continue 

at intervals of up to four weeks (Campbell and Miner, n.d.).  The standard potassium 
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recommendation is 135 kg·ha-1 pre-plant, and Campbell and Miner (n.d.) found this fall 

application to be sufficient for the season (Poling and Monks, 1994). Application of boron, 

sulfur, calcium, or magnesium may be necessary, as well, at some time during the season 

(Campbell, n.d.; Poling and Monks, 1994).  Soil and tissue sampling are recommended for 

optimal fertility decisions in the fall and spring, respectively (Campbell, n.d.; Poling and 

Monks, 1994).  Soil testing should occur sufficiently ahead of planting to allow for pH 

modification, if needed, and plant tissue should be sampled every other week, from mid-

February until the end of harvest (Campbell, n.d.; Poling and Monks, 1994).  

In North Carolina, leaf blades and petioles are used to evaluate the fertility needs of 

strawberry plants, with the blades being used for elemental tests and the petioles being used 

to test for nitrate (Campbell, n.d.).  These nitrate values are then used for nitrogen fertilizer 

recommendations (B. Cleveland, personal communication).  Bull et al. (2005) found that leaf 

blade nitrogen at early flowering was better correlated with total yield than were leaf blade 

nitrogen at other sampling times or petiole nitrate at any time.  Ammonium has been found to 

be more prevalent, in relation to total inorganic nitrogen, in organically-managed than 

conventionally-managed soils, so total nitrogen, rather than nitrate, may be a better predictor 

of yield for organic crops (Bull et al., 2005; Drinkwater et al., 1995).  

Compost and disease suppression 

 A number of authors have evaluated compost use with respect to disease management 

or have reviewed the subject (e.g., De Ceuster and Hoitink, 1999; Hoitink and Fahy, 1986; 

Hoitink et al., 1997; Litterick et al., 2004; Stone et al., 2004; Zinati, 2005).  Compost can 

help one to manage pathogens or disease, without completely eradicating them, so that they 

exist at an acceptable level (Grabowski, 2001; Hoitink and Changa, 2004; Lumsden et al., 
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1983).  Literature suggests that biological control is largely responsible for the disease 

suppressive characteristics of compost (Cohen et al., 1998; Hoitink and Fahy, 1986; 

Lumsden et al., 1983; Nelson et al., 1983; Zhang et al., 1998).  Ideally, non-pathogenic 

microorganisms utilize compost as a source of nutrition and suppress disease by one or more 

mechanisms, including microbiostasis, microbial colonization or destruction of pathogen 

propagules, antibiosis, competition for substrate colonization or root infection sites, and 

induced systemic resistance (Hoitink and Boehm, 1999; Stone et al., 2004).    

While the biological aspect of compost-mediated disease suppression is critical, the 

physical and chemical properties of compost affect disease suppression as well (De Ceuster 

and Hoitink, 1999; Hoitink and Fahy, 1986).  An important way by which chemical 

properties affect disease suppression is through their effect on microbes (Hoitink and 

Changa, 2004).  Compost must contain substances that can support the activities of 

beneficial, disease-suppressing microbes, meaning that it must be neither too fresh nor too 

decomposed (Hoitink and Boehm, 1999).  Disease incidence may be also be affected through 

pH modification, changes in nitrogen availability, or improved plant health (Calhoun, 1973, 

DeCeuster and Hoitink, 1999; Hoitink and Changa, 2004; Hoitink and Fahy, 1986; Hoitink et 

al., 1997; Litterick et al., 2004).  

The physical properties of a compost can help reduce root rot by increasing the 

amount of air available to plant root zones (Hoitink and Fahy, 1986).  Good soil physical 

characteristics are promoted by incorporating properly stabilized composts (Dick and 

McCoy, 1993).  Organic matter contributes substantially to the development and 

maintenance of desirable soil structure through chemical substances derived from it and from 

the biological activity it supports (Brady and Weil, 2002).  Organic amendments that include 
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compost can increase soil aggregation and total porosity, lower soil strength, and make more 

water accessible to plants (Dick and McCoy, 1993; Grandy et al., 2002).  Funt and Bierman 

(2000) found lower bulk density, better aeration, higher water-holding capacity, and faster 

infiltration in compost treatments.  Dick and McCoy (1993) cited an example in which bulk 

density was lower in compost-amended plots five years after amendment.  Grandy et al. 

(2002), on the other hand, did not find a significant effect on bulk density in soil to which 

compost and manure were applied.  Lowered bulk density has been found to be related to 

increased organic matter (Dick and McCoy, 1993). 

While studies have found that compost can indeed suppress disease, and though there 

is some understanding of how composts contribute to disease suppression, not all composts 

are effective in this respect (Hoitink and Fahy, 1986; Litterick et al., 2004; Lumsden et al., 

1983; Millner et al., 2004).  Compost and its effects on disease are notoriously variable 

(Hoitink et al., 1997; Litterick et al., 2004; Lumsden et al., 1983).  A number of people have 

pointed to the importance of consistency or “quality control” in compost production (De 

Ceuster and Hoitink, 1999; Hoitink and Changa, 2004; Hoitink et al., 1997; Hoitink and 

Fahy, 1986; Inbar et al., 1993b).  Important considerations include the raw materials used, 

the temperature to which the compost is raised, the moisture level maintained, the addition of 

known biological control agents, and the stability and maturity of the compost (Hoitink and 

Changa, 2004; Hoitink and Fahy, 1986). 

Cultivars 

There is a lack of information on the productivity and suitability of strawberry 

cultivars for organic systems in North Carolina, as is the case elsewhere in the United States 

(Bull et al., 2005).  Cultivar selection has typically taken place under conventional, rather 
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than organic, conditions (Lammerts van Buren et al., 1999; Martin and Bull, 2002).  

Cultivars characterized by a higher degree of pest-resistance or tolerance may have an 

advantage in organic systems (Bull et al., 2005).  In addition to pest resistance, disparities in 

cultivar performance in organic systems could result from differences in how the cultivars 

grow under non-synthetic fertilization regimes (Lisanyuk, 1985).  Foschi et al. (2003) 

concluded that a late maturity date was essential to cultivars used in organic field production 

without plastic tunnels.     

‘Chandler’, valued for its taste and productivity, is North Carolina’s most widely 

planted cultivar (Bish and Wechsler, 1998).  ‘Camarosa’ has better shelf life than ‘Chandler’ 

(Bish and Wechsler, 1998).  Fernandez et al. (2001) found total and marketable yields to be 

comparable between these two cultivars, but ‘Camarosa’ had larger berries.  ‘Sweet Charlie’ 

has a sweet flavor and early-ripening fruit, is resistant to anthracnose fruit rot and powdery 

mildew, and is more tolerant of spider mites than ‘Chandler’ (Howard, 1994; Louws et al., 

2003).  However, it produces less fruit than ‘Chandler’ and ‘Camarosa’ (Bish and Wechsler, 

1998).  Resistance to anthracnose fruit rot is the chief advantage of the N.C. cultivar Bish 

(Ballington, 2005). 

 In a study by Martin (2000), ‘Chandler’ demonstrated better tolerance of the 

soilborne pathogen Pythium ultimum than did ‘Camarosa’, although the growth of both were 

substantially affected.  Particka and Hancock (2005) found that ‘Chandler’ performed 

unimpressively on non-fumigated, as compared to fumigated, soil in Michigan.  Wing et al. 

(1995) evaluated twenty cultivars for resistance to black root rot in matted row systems.  

They found better root health in some cultivars than others but suggest that site-specific 

 11



 

conditions, such as environmental conditions and causative pathogens, will determine which 

cultivar is best.      
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EVALUATION OF THREE COMPOSTS AND THEIR EFFECTS ON SOIL 
PROPERTIES AND STRAWBERRY GROWTH, DISEASE, AND YIELD 
 
Introduction 

 Most strawberry (Fragaria x ananassa Duch.) production in North Carolina, as in 

other Southeastern states and California, involves planting annually on raised beds covered 

with plastic mulch.  Growers have been using methyl bromide (MeBr) and chloropicrin in 

conjunction with this system.  This fumigant mixture functions as a highly effective 

microbiocide and herbicide (Wilhelm and Paulus, 1980).  However, it has been determined 

that MeBr contributes to the depletion of the ozone layer, and as of 2005, it was only 

supposed to be available to growers with a critical or emergency use exemption (U.S. 

Environmental Protection Agency, 2000).   

 While critical use exemptions allow some growers to continue using MeBr in the 

short-term, the price of MeBr is climbing and the availability is limited (Welker, 2006).  

Some growers have been or are being forced to abandon MeBr for these reasons, and others 

have done so in order to farm organically.  Organic agriculture has increased considerably in 

recent years, with fresh fruits and vegetables being a major component of this growth 

(Dimitri and Greene, 2002).  Not only is MeBr forbidden in organic systems, but so are the 

proposed synthetic-chemical alternatives.  Thus, organic growers need another strategy for 

managing the effects of pathogens and weeds.     

Composts are often used in organic production systems, with variable results.  

Grabowski (2001) found marketable strawberry yields in compost-amended treatments to be 

comparable to those in MeBr fumigated treatments, even though disease levels were higher 

in compost plots.  Leandro et al. (2007) evaluated a commercially-available compost and the 

fumigant Telone-C35 (61% 1,3-dichloropropene:35% chloropicrin) and found yields to be 
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significantly lower in compost-amended plots than in fumigated plots.  Millner et al. (2004) 

found red stele (causative agent Phytophthora fragariae) to be lower in compost-amended 

than unamended treatments, but such an effect was not found for black root rot (BRR).  

Sances and Ingham (1997) qualitatively determined that there was no difference between 

BRR control in compost, untreated, or MeBr treatments.  Yield in the MeBr treatment was 

greater than that in compost-amended or untreated plots, which were not significantly 

different from one another (Sances and Ingham, 1997).    

 An ideal compost would supply nutrients and beneficial microorganisms to suppress 

diseases; would enhance water-holding capacity, organic matter, drainage, and nutrient-

holding capacity of soil; and would not introduce viable weed seed or phytotoxic substances 

(G. Fernandez, personal communication).  Guidelines for composts used in strawberry 

production have been published by the North Carolina Department of Environment and 

Natural Resources (R. Alexander Assoc., Inc., 2001).  However, there is no guarantee that 

commercially-available composts are produced according to these guidelines or that 

strawberry growers use composts with all of the recommended characteristics.  Inputs vary 

widely and often depend on what is available near the composting facilities (G. Fernandez, 

personal communication).  Under U.S. Department of Agriculture National Organic Program 

(NOP) regulations, composts that contain animal manure and are incorporated less than 120 

days (or 90, if the consumed part of the crop does not come into direct contact with soil) 

before harvest must have a C:N ratio between 25:1 and 40:1 when composting begins and be 

held at 55 to 77 °C for at least 3 or 15 days, depending on what type of composting method is 

used (U.S. Department of Agriculture, n.d.).  However, these regulations do not apply to 
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most uses of compost in strawberry production, since it is usually incorporated before 

planting and thus more than 120 days before harvest.        

 Since it is not necessary for composts to be certified organic, there are a number 

produced commercially in North Carolina that may be suitable for an organic strawberry 

production system (Carolinas Composting Council, 2006).  The composts available to 

growers vary widely and are dependent on the raw materials available locally (G. Fernandez, 

personal communication).  The objective of this study was to evaluate three commercially 

available composts in a strawberry production system using organic practices.  Compost 

effects on yield, plant growth, root disease, soil properties, and plant nutrient status are 

addressed.   

Materials and methods 

 The experiment was laid out in a split plot design, with compost treatment as the main 

plot factor and cultivar as the subplot factor.  There were four replications.  The four main 

plot treatments were three compost treatments and a control, in which the soil was not 

amended with compost.  One compost (PBPH) was a 50:50 mix of pine bark and peanut 

hulls.  Raw materials in the “egg shell” compost included food waste, animal manure, and 

egg shells (D. Brooks, personal communication).  The “organic compost” was certified 

organic and contained only poultry litter (L. Flynn, personal communication).  The first two 

composts were not certified organic, but composts are not required to conform to all organic 

guidelines as long as they are applied a sufficient amount of time before harvest.   All 

composts were commercially available in North Carolina.  Four strawberry cultivars—Bish, 

Camarosa, Chandler, and Sweet Charlie—were used in Year 1 (2004-05).  Only ‘Camarosa’ 

and ‘Chandler’ were used in Year 2 (2005-06) due to an anthracnose (Colletotrichum sp.) 
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outbreak that limited the availability of plants.  Main plots were 19.8 m by 3.7 m (72.5 m2), 

and subplots consisted of a 7.6 m length of raised bed.  The field was located in Goldsboro, 

N.C., at the North Carolina Department of Agriculture and Consumer Services (NCDA&CS) 

Cherry Research Farm (lat. 35.38 long. -78.04; State Climate Office of N.C., n.d.).  Crops 

during the two years previous to strawberries included small grains and soybeans, and the 

field had never been used for strawberry production (R. Monzingo, personal 

communication).  The soil was a Lynchburg sandy loam, a fine-loamy, siliceous, semiactive, 

thermic Aeric Paleaquult.  Although the field was not certified organic, practices compatible 

with organic production were used.     

 Compost was applied rates of 30 Mg·ha-1 on 30 Sept. and 20 Mg·ha-1 on 5 Oct. in 

Years 1 and 2, respectively.  It was applied to the same plot locations in both years.  After it 

was spread over the respective plots, the compost was rototilled into the soil using a 

Ferguson Tilrovator (Ferguson Manufacturing Company, Inc., Suffolk, Va.; Year 1) or a 

First Choice rotary tiller (Buy Smart, Inc., Wilson, N.C.; Year 2).  In an effort to bring the N 

level of all plots up to a minimum level of available N, soybean meal (7.2-1.8-2.6; K. Fager, 

personal communication) was applied to PBPH compost (1.1·103 kg·ha-1) and control plots 

(1.4·103 kg·ha-1) in Year 2, as explained in Appendix A.  The soybean meal was incorporated 

along with the compost.  Raised beds of 0.9 m width were then preformed using a plastic 

mulch layer (Kenco Manufacturing, Inc., Ruskin, Fla.), and plastic and drip tape were laid in 

a subsequent pass.  Distance between bed centers averaged approximately 1.8 m, with the 

exception of the distance between beds bordering a 3.7 m alleyway between the two middle 

plots.  Within the next several days, rye (Secale cereale L.; Year 1) or wheat (Triticum sp.; 

Year 2) were seeded between the rows and holes were punched in the plastic.  Strawberry 
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plug plants were set in double rows on 13 Oct. and 6 Oct. in Years 1 and 2, respectively.  

Four plants of each cultivar were sampled before planting and saved for whole plant analysis.   

 In Year 1, fertilizer (Neptune’s Harvest Fish Fertilizer, 2-4-1, Ocean Crest 

Seafoods, Inc., Gloucester, Mass.), was supplied through the drip irrigation system in early 

and mid-April, for a summed N application of 18 kg·ha-1.  A different fertilizer was used in 

Year 2 (Phytamin 800, 7-0-0, California Organic Fertilizers, Inc., Fresno, Calif.) and was 

applied in mid-March at a rate of 20 kg·ha-1 N.  Cover crops and weeds in the row middles 

and around the edges of the field were managed by mowing and use of a weed-eatter.  Plots 

were hand-weeded in November and January to manage winter weeds.  This was also done in 

March of Year 1, to manage spring weeds.  Dead flowers and dead and dying plant leaves 

were removed from plants not designated for whole plant harvest in March of Year 1, for 

disease management purposes.  Flowers (alive and dead) were also removed in late winter of 

Year 1 from plants designated for whole plant harvest.  These were saved for dry weights.  In 

Year 2, flowers (alive or dead) and dead and dying plant leaves were removed in January.  

While products are available for disease management in organic systems, no treatment was 

found necessary in either season.  Beneficial mites (Phytoseiulus persimilis; The Green Spot, 

Ltd., Nottingham, N.H.) were applied 14 Apr. and 22 Apr. of Year 1.  Insecticidal soap 

(Olympic Horticultural Products Insecticidal Soap 49.52CF; Olympic Horticultural Products, 

Mainland, Pa.) was sprayed on 5 May and 19 May of Year 1, at a 1:100 dilution with water, 

and on 6 May and 17 May of Year 2 at a 2:100 dilution with water.   

 Plastic and plants were removed from the field on 15 July of Year 1, and cowpea 

(Vigna sp.) and sorghum-sudangrass (Sorghum bicolor (L.) Moench) were planted on 15 
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Aug. at 56 kg·ha-1 and 22 kg·ha-1, respectively.  The cover crop was incorporated (≈23 Sept.), 

before the Year 2 compost application.  

Compost analyses 

 Samples of each compost were collected prior to incorporation into the soil and sent 

to the NCDA&CS Agronomic Services laboratory (Raleigh, N.C.) for waste analysis.  In 

Year 1, samples were also sent to BBC Laboratories, Inc., (BBC; Tempe, Ariz.) for 

microbial, stability, and maturity analyses, including numbers of colony forming units per 

gram dry weight (CFU/gdw) and species richness diversity (SRD) of several microbe 

functional groups (heterotrophic/aerobic bacteria, anaerobic bacteria, yeasts and molds, 

actinomycetes, pseudomonads, and N-fixing bacteria), total species richness diversity 

(SRDT), E. coli and Salmonella assays, germination rate, maturity index, conductivity, pH, 

and respiration rate.  Maturity and stability data were compared to standards for field use of 

compost.  For maturity assays, this was based on a test of compost extract at one-third 

strength.      

Soil and nematode samples   

 Soil samples were taken to a depth of approximately 20-25 cm in each main plot 

before compost application (13 Sept. and 3 Oct. in Years 1 and 2, respectively) and four 

times during or after each season (Year 1: 9 Mar., 14 Apr., 13 May, 9 June; Year 2: 25 Jan., 4 

Apr., 3 May, 2 June) and analyzed by NCDA&CS. 

Bulk density and organic matter samples were taken once each season, after harvest 

ended.  Bulk density samples were dried at approximately 105 °C for at least 24 h and 

weighed, and values were calculated as described in Brady and Weil (2004).  Subsamples (10 

g) were taken from these samples and ashed in a muffle furnace at 550 °C for at least two 
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hours.  The subsamples were then weighed to determine the amount of organic matter 

removed by ashing.  These numbers were used to calculate percent organic matter. 

Nematode samples were taken before compost application (30 Sept. and 3 Oct. in 

Years 1 and 2, respectively) and after harvest in Year 2 (31 May).  Soil and nematode 

samples were analyzed by NCDA&CS.   

Tissue samples 

 Tissue samples were taken monthly during the spring (Year 1: 24 Mar., 14 Apr., 13 

May, 9 June; Year 2: 3 Mar., 4 Apr., 3 May, 2 June) and analyzed by NCDA&CS.  All 

analyses were performed on leaf blade tissue, with the exception of NO3
- analysis, for which 

leaf petioles were used. 

Root ratings, plant growth data, and root microbial samples 

During each season, whole plant analyses were performed approximately every five 

to seven weeks during the fall and winter months and monthly from April to June in Year 1 

and March to May in Year 2 (Year 1: 19 Nov., 4 Jan., 24 Feb., 14 Apr., 11 May, 7 June; Year 

2: 18 Nov., 29 Dec., 10 Feb., 29 Mar., 26 Apr., 25 May) in addition to the plant samples 

taken before planting.  One plant was removed from each plot.  An area of approximately 

0.09 m2 was dug around the plant, and roots were removed from the soil.  Roots were washed 

and rated visually for percent disease, using a modified Horsfall-Barrett scale (Table 1).  

Root vigor was rated on a scale of one, denoting a healthy root system, to five, denoting a 

dead root system.  Leaf areas were measured using a LI-COR 3100 (LI-COR, Inc., Lincoln, 

Nebr.).  The plants were separated into roots, crown, leaves, flowers, and fruit.  These 

materials were dried at 60-70 °C for at least one week and weighed.  In late winter of Year 1, 

flowers were removed before whole plant harvest for disease management purposes.  In this 

 29



 

case, the flowers were dried, and the weights were added to the weights of the flowers on the 

plants at the time of the whole plant harvest.  The same was done in January of Year 2, but 

only flowers from the plant designated for whole plant harvest in February were saved, dried, 

and included in analyses.  During strawberry harvest season, fruit was removed from the 

plants and weighed, and these weights were multiplied by a factor of 0.07 to estimate dry 

weight, which was added to the dry weight of the fruit that was on the plant when whole 

plant harvest took place (G. Fernandez, personal communication).   

 After the Year 1 harvest, a ‘Chandler’ plant was collected from main plots.  Roots 

were washed and samples approximately 1 cm long were taken from structural and feeder 

roots in the upper and lower halves of the root system, such that there were a total of four 

samples from each plant.  Each root sample was cut in half. One piece was plated on a PARP 

medium [17 g cornmeal agar, 0.125 g PCNB, 0.25 g ampicillin, 10 mg pimaricin, and 10 mg 

rifamicin per L] to isolate Pythium and Phytophthora.  The other piece was plated on alkaline 

water agar medium (AWA; 15 g agar, 100 mg streptomycin sulfate, 100 mg penicillin, and 

0.8 ml of 1 N solution of NaOH per L).  Media with fungal growth was cut out, placed in 

another plate, and covered with the a piece of the same type of media from which it had been 

removed in order to eliminate bacterial contamination.  Cultures growing on PARP were then 

transferred to corn meal agar (CMA), and those growing on AWA were transferred to potato 

dextrose agar (PDA).  Fungal cultures growing on CMA and PDA were identified, when 

possible, according to morphology.  Incidence of Fusarium sp., Pythium sp., Rhizoctonia sp., 

and unknown fungi were recorded.   
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Yield 

 Strawberries were harvested from 19 Apr. to 3 June in Year 1 and from 14 Apr. to 26 

May in Year 2 from designated plants in each plot.  Twenty (+/- 1) and 15 plants in each plot 

were harvested in Year 1 and Year 2, respectively.  Fruit was harvested twice weekly, except 

for the first and last weeks of harvest in Year 2, when they were only harvested once.  Fruit 

was separated into marketable and cull fruit and weighed.  Marketable fruit was relatively 

blemish-free and weighed approximately 8 g or more.   

 Data were analyzed using SAS software (SAS Institute, Cary, N.C.).  Analyses of 

variance were performed using PROC GLM, with the reported P-values based on Type 3 

sums of squares.  A protected least significant difference procedure based on LSMEANS was 

used to separate differences.  There was one exception to the use of PROC GLM: The root 

microbial data were analyzed using PROC MIXED with the Satterthwaite degrees of 

freedom method and with replication and plant variables in the RANDOM statement.  

Missing yield data were replaced using the following formula: value = replication mean + 

compost mean + cultivar mean – 2*grand mean.  Covariate analyses was performed on yield 

in Year 1, with estimated available N and March tissue N and NO3
- used as covariates 

(Appendix A).  A critical value of 0.05 was used in all analyses.  Log10 transformations were 

sometimes used to improve heterogeneity of variance, but reported means are based on raw 

data. 

Results 

Yield 

 There were significant compost x cultivar interactions for marketable yield per plant, 

total yield per plant, and average berry weight in Year 1 (Tables 2 and 3).  Total yield per 
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plant was greater in the organic compost treatment than the PBPH and egg shell compost 

treatments, among ‘Chandler’ plots, but was not significantly different from that in the 

control (Table 3).  Repeating this analysis using estimated available N as a covariate did not 

result in a loss of significance (P = 0.0398, Appendix A), but using March tissue N or NO3
- 

did (P = 0.0846 and 0.0979, respectively).  Average berry weight was greater in the organic 

compost treatment than the PBPH compost and control treatments, among ‘Chandler’, and 

greater in the organic compost treatment than all other treatments among ‘Camarosa’ (Table 

3).  The average berry weight differences within ‘Chandler’ plots were eliminated when an 

estimated available N, a March tissue N, or a March tissue NO3
- covariate was introduced (P 

= 0.5162 , P = 0.2346, and P = 0.3236, respectively; Appendix A).  Average berry weight 

differences within ‘Camarosa’ plots were eliminated when March tissue N or NO3
- covariates 

were introduced (P = 0.0909 and P = 0.1301, respectively), but the treatment effect remained 

significant when an estimated available N covariate was used (P = 0.0453).   

Percent cull did not differ between treatments in Year 1 but differed between cultivars 

(Table 2).  The order of cultivars, from lowest to highest percent cull, was as follows: 

‘Camarosa’, ‘Sweet Charlie’, ‘Chandler’, and ‘Bish’.  Total yields per plant of ‘Camarosa’ 

and ‘Chandler’ were not significantly different for any treatment in Year 1, but ‘Camarosa’ 

had higher marketable yield per plant than ‘Chandler’ among PBPH compost plots (Table 3).  

Total and marketable yields per plant were consistently lower in ‘Sweet Charlie’ than 

‘Camarosa’ or ‘Chandler’ (Table 3).  

In Year 2, marketable and total yields did not differ significantly between compost 

treatments, but average berry weight and percent cull did (Table 2).  The egg shell and PBPH 

compost treatments had higher average berry weights than control.  Percent cull was lower in 
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the egg shell compost than in all other treatments.  ‘Chandler’ had higher total, but not 

marketable, yield than ‘Camarosa’ and a higher percent cull.  ‘Camarosa’ had the higher 

average berry weight.        

Compost analyses 

 NCDA&CS waste analyses revealed variation in nutrient contents, pH, soluble salts, 

carbon-to-nitrogen (C:N) ratio, and percent dry matter among composts (Table 4).  Nitrogen, 

as well as P, K, Mg, S, Zn, Cu, and Na were highest in the organic compost in both years.  

The egg shell compost had a great deal lower N in the second season than in the first, but the 

C:N ratio did not differ greatly.  In Year 2, NO3
- dominated inorganic N in the egg shell 

compost, while NH4
+ was more prevalent in the other two composts.  Calcium and Fe were 

both high in the egg shell compost.  The PBPH and organic composts contained B, while the 

egg shell compost had none. 

 The PBPH compost had the highest C:N ratio and C level and the lowest soluble salt 

level and pH in both seasons (Table 4).  The organic compost had the lowest C:N ratio and 

the highest soluble salts and pH, while egg shell compost values were intermediate with 

respect to these three variables (Table 4).  The PBPH compost and the organic compost had 

pHs that were lower and higher, respectively, than the optimal range, based on guidelines 

defined by BBC (BBC Laboratories, Inc., n.d.; Table 5).  All other maturity and stability 

values for the PBPH and egg shell composts fell within the optimal range, but the organic 

compost was outside of the range for all maturity indicators:  Germination rate and maturity 

index were both 0%, while conductivity and pH were higher than what was considered 

optimal (Table 4).  The organic compost was not as stable as the others, but the stability level 

was still within the optimal range (Table 4).   
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Microbial data from BBC indicated moderate SRDT for the PBPH and organic 

composts and high SRDT in the egg shell compost (data not shown).  For the egg shell 

compost, the number of CFUs/gdw were within the expected or acceptable range for all 

functional groups except pseudomonads, which was high.  In the PBPH compost, anaerobic 

bacteria, yeasts and molds, and pseudomonads were high, and N-fixing bacteria was 

borderline high.  In the organic compost, yeast and mold, actinomycete, and N-fixing 

bacteria numbers were low, while pseudomonads were high.  Neither E. coli nor Salmonella 

were found in any sample. 

Soil and nematode samples 

 Differences in soil P, K, Ca, Mg, Zn, and Cu levels, as well as cation exchange 

capacity (CEC) and base saturation, were detected between treatments at all sampling dates 

once compost was applied (Table 6).  The organic compost treatment frequently had higher 

soil nutrient and Na levels than any of the others (Table 6).  Soil Ca in the egg shell compost 

treatment was higher than in the control, as well.  Soil nutrient levels in the PBPH compost 

treatment differed from control once, in which case Mg was higher in the PBPH treatment 

(Table 6).  Removal of an outlier from soil K data in January of Year 2 resulted in a 

significant difference between the PBPH compost and control treatments (data not shown).  

Soil base saturation and pH were often highest in egg shell and organic compost treatments 

(Table 6).  CEC also increased in plots to which the egg shell and organic composts were 

applied, with the organic compost having the greater effect (Table 6).  Manganese was 

unusual in that soil level differences were not detected at any sampling date (Table 6).   

Soil bulk density differed significantly between treatments in Year 1 (P = 0.0414), 

when organic compost plots had lower bulk densities than egg shell compost and control 
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plots, but not in Year 2 (P = 0.1863) (Fig. 1).  Percent organic matter differed between 

treatments in Year 1 (P = 0.0021) and Year 2 (P = 0.0341) (Fig. 2).  In Year 1, the PBPH 

and organic compost treatments had higher levels of organic matter than the egg shell 

compost treatment, which had a higher percentage of organic matter than the control (Fig. 2).  

In Year 2, the PBPH compost treatment had a higher level of organic matter than the control.  

If outliers were removed, percent organic matter in the organic and egg shell composts were 

significantly higher than in control, as well (P = 0.0181). 

 Nematode sampling results revealed sporadic occurrence of lesion and root knot 

nematodes.  Significant treatment differences were not detected in any samples (data not 

shown).   

Tissue samples 

 Significant differences in tissue N and petiole NO3
- were found between treatments in 

March and April of Year 1 (Table 7; Appendix B).  Tissue N was lower in the PBPH 

compost treatment than in other treatments, among ‘Chandler’ plots in March of Year 1 

(Appendix B).  Tissue N was also higher in the organic and egg shell compost treatments 

than control, among ‘Camarosa’ plots, and higher in the organic compost treatment than in 

the egg shell compost treatment and control, among ‘Bish’ plots (Appendix B).  In April of 

Year 1, tissue N was higher in the organic compost treatment than all others (Table 7).  

Petiole NO3
- in the organic compost treatment was higher than in the PBPH compost and 

control treatments in March and higher than in all other treatments in April of Year 1 (Table 

7).  In Year 2, the only between-treatment tissue N or petiole NO3
- difference occurred in 

April, when the egg shell compost treatment had higher tissue N than all other treatments 

(Table 7). 
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Tissue P was often higher in the organic compost treatment than in all others, and 

tissue K was higher in organic compost treatments than others in a majority of months (Table 

7).  Tissue K was also higher in the PBPH compost treatment than control among ‘Camarosa’ 

plants in May and among ‘Chandler’ plants in June of Year 1 (Appendix B).  Additionally, 

the egg shell and PBPH composts had higher tissue K than control in April of Year 2 (Table 

7).   

Tissue Ca differences were found at all sampling dates (Table 7, Appendix B).  The 

egg shell compost treatment often had one of the higher levels in Year 1, and it consistently 

had the highest tissue Ca when treatments differences were found in Year 2  (Table 7, 

Appendix B).  Tissue Mg did not differ between treatments in most months.  When 

differences were found, the egg shell compost treatment always had one of the lower values 

(Table 7, Appendix B).  The organic compost had higher tissue S levels than two or all other 

treatments when differences were found (Table 7).   

The egg shell compost had significantly higher tissue Fe values than two or all other 

treatments in one month of Year 1 and two of Year 2 (Table 7).  Tissue Fe in the organic 

compost treatment was lower than in the control at two sampling dates (Table 7).  Tissue Mn 

was consistently lower in the egg shell compost treatment than in the PBPH compost 

treatment and control in Year 2 and was lower in the organic compost treatment than in the 

control treatment in three of four months in that year (Table 7).  Tissue Zn was lower in the 

egg shell compost treatment than the PBPH compost and control treatments, and lower in the 

organic compost treatment than the control, in three months of Year 2 (Table 7).  Tissue Cu 

did not differ between treatments (Table 6).  Boron values were higher in the organic 

compost treatment than all others in most months, and each of the other composts had higher 
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tissue B than control in at least one month (Table 7).  No tissue Na differences were found 

between compost treatments (Table 7).      

Root ratings and microbial samples 

 There was more root rot in the organic compost treatment than other treatments in 

April of Year 1 and, among ‘Camarosa’ plots, in March of Year 2 (Table 8, Appendix B).  

More rot was found in PBPH and organic compost treatments than control in April of Year 2 

(Table 8).  Organic compost treatment plants had lower root vigor than those in all other 

treatments, among ‘Sweet Charlie’, in January of Year 1 (Appendix B).  Among ‘Chandler’ 

in November of Year 2, egg shell compost treatment plants had greater vigor than those in 

the other two compost treatments but not the control (Appendix B).  Plants in the PBPH 

compost treatment had greater vigor than those in other treatments, among ‘Camarosa’ plots, 

in November of Year 2 (Appendix B).  ‘Chandler’ had lower root rot and better root vigor 

than ‘Camarosa’ in most months when cultivar differences were found (Table 9, Appendix 

B).   

 Significant treatment differences were not found for incidence of Pythium sp. (P = 

0.2161), Fusarium sp. (P = 0.6887), Rhizoctonia sp. (P =  0.6746), or one or more unknown 

fungi (P = 0.1995).  Percent incidences are listed in Table 10.       

Plant growth 

 Leaf area and leaf dry weight in the organic compost treatment were lower than in the 

other three treatments in November and January of Year 1 (Table 11).  In January, root and 

total vegetative dry weights were also lowest in the organic compost treatment (Table 11).  

The egg shell and organic compost treatments had higher fruit dry weights than the PBPH 

compost treatment, but not the control, in May (Table 11). 
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In Year 2, leaf area and crown dry weight were lower in the egg shell compost 

treatment than the other two compost treatments, but not the control, in November (Table 

12).  In December, among ‘Camarosa’ plots, leaf area and leaf dry weight were lower in the 

egg shell compost treatment than all other treatments (Appendix B).  The PBPH compost 

treatment had the highest leaf area and leaf dry weight in December and March, the highest 

crown dry weight in December, and the highest total vegetative dry weight in March, among 

‘Camarosa’ plots (Appendix B).   

Discussion 

Total yield was higher in the organic compost treatment than in the other two 

compost treatments, but not control, among ‘Chandler’ in Year 1.  The fact that no difference 

in marketable yield was found may be related to variation in what different harvesters 

considered marketable.  The organic compost treatment had a higher average berry weight 

than two or all other treatments, among ‘Chandler’ and ‘Camarosa’ plots, respectively, in 

Year 1.  Covariate analyses with March tissue N and NO3
- suggest that plant N status at least 

partially accounts for these effects.  In Year 2, after an effort was made to bring all 

treatments up to the recommend level of fall-applied N, treatment differences in total yield 

were not found.  Also, egg shell and PBPH compost treatments had higher average berry 

weight than control, and percent cull was lower in the egg shell compost treatment than 

others.   

Available N in the egg shell compost treatment was estimated to have been lower 

than that in other treatments in Year 2.  Knowing only this, one might hypothesize that low N 

accounts for the lower percent cull in the egg shell compost treatment; soft fruit has been 

found to result from high N application levels (Miner et al., 1997).  However, tissue N was 

 38



 

actually higher in the egg shell compost amended treatment than others in April.  Higher 

tissue N in the egg shell compost treatment may explain the higher average berry weight in 

this treatment, and a tendency to have larger berries could be partially responsible for lower 

cull incidence.   

Another reasonable explanation for low cull incidence in the egg shell compost 

treatment is high tissue Ca.  Calcium increases the stability of cell membranes and walls, 

inhibits the pectolytic enzyme polygalacturonase, and protects tissue from fungal infections 

(Marschner, 1995).  The use of Ca as part of disease management in organic strawberry 

production may deserve further investigation.  Cull incidence in this study was higher, in 

general, than what Fernandez et al. (2001) found in a conventional system in which 

fungicides were excluded.  This probably resulted at least partly from low N, due to 

insufficient fertility.  It is unlikely that rain accounts for the difference, as no harvests were 

missed due to weather.  The higher cull incidence in the Year 2 than Year 1 may be 

attributable to insufficient irrigation.   

Although composts increased average berry weight and lowered cull incidence in 

some cases, marketable yield per plant was not increased by compost amendment in either 

year.  Leandro et al. (2007) found that compost-amended treatments produced significantly 

lower yields than a non-fumigated control in one year, while a significant difference between 

compost-amended and control treatments was not found in the second year.  In a study by 

Sances and Ingham (1997), yield in a MeBr treatment was greater than that in compost-

amended or untreated plots, which were not significantly different from one another.  In 

contrast, Grabowski (2001) found that marketable yield per plant in a compost treatment was 

significantly greater than that in the control in two of three years and not significantly 
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different from that in the MeBr treatment in any year.  Arancon et al. (2004) found 

marketable strawberry yield in vermicompost-amended plots to be 35% higher than in plots 

amended with inorganic fertilizer.        

Yield benefits of compost addition may take time to materialize.  Dick and McCoy 

(1993) cite a study in which rice yields were lower under an organic than an inorganic 

fertilizer regime for 10 years but were typically superior after the thirtieth of a 60 year study.  

Rosado-May et al. (1994) found that the difference between yields in organic and 

conventional treatments decreased over three years.  Long term yield improvement may 

relate to improved soil properties and nutrients released over time from humic materials and 

from microorganism populations boosted by organic matter (Dick and McCoy, 1993; Mengel 

and Kirkby, 2001).  

Root disease and vigor, as evaluated by subjective visual ratings, did not differ 

between treatments in many cases.  Across-cultivar treatment differences, when found, were 

found in the spring, after plants started growing again.  In several instances, the organic 

compost treatment appeared to have more disease than the control.  This could be related to 

the high salt level in that compost; diseases caused by Pythium and Phytophthora are 

exacerbated by high salt levels (Hoitink et al., 1997).  Phytotoxicity in the organic compost 

treatment in Year 1 also may have made the roots more susceptible to pathogens in general.   

The organic compost treatment had high N levels, and high N can exacerbate some 

diseases, but nitrogen was not estimated to have been very much higher than in egg shell 

compost plots in the first season (Hoitink and Changa, 2004).  An alternative explanation for 

what appeared to be more root disease in organic compost treatments is related to the high 

level salts: Excessive Na can cause roots to turn dark (Ulrich et al., 1992).   
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While others suggest that disease-management using compost is possible, this study 

shows that effective compost-based BRR suppression is not a given (Hoitink and Fahy, 1986; 

Litterick et al., 2004; Lumsden et al., 1983; Millner et al., 2004).  Millner et al. (2004) found 

no significant degree of BRR control in any compost treatment, but the severity of the 

disease was not great in any treatment.  In Sances and Ingham’s (1997) field study, they 

qualitatively determined that there was not a realistic difference in disease control among 

treatments (including MeBr 75%, compost-amended, and untreated), although the treatments 

varied with respect to the occurrence of pathogens associated with the black root rot 

complex.  Grabowski (2001) found disease in the compost treatment to be significantly 

greater than in the MeBr treatment and not significantly different from the control, even 

though compost plots had higher yields per plant than control.   

Nematodes are estimated to move several meters or less in the soil in one crop season 

(Agrios, 1997).  Since strawberries were new to the field used in this study, it is not 

surprising that strawberry-damaging nematodes were not present in high numbers.  

Nematodes are not necessary for the development of BRR (Wing et al., 1995). 

The three composts contained different levels of nutrients and affected soil and tissue 

nutrient levels in different ways.  Plants generally had low levels of nitrogen.  No compost 

was able to provide enough N, at the appropriate time, to keep plants within the sufficiency 

range of 3 – 4% throughout the season, and the amount of N applied through the irrigation 

system in the spring was well below the recommended level of 67 kg·ha-1 (Campbell and 

Miner, 2000; Campbell and Miner, n.d.).  More tissue N and NO3
- differences were found in 

the first year than the second, when we attempted to bring all treatments up to a minimum 

level of available N.  Most N and NO3
- differences in Year 1 involved the organic compost 
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treatment having higher levels than two or all other treatments, consistent with the high level 

of N in that compost.  Although the C:N ratio of the PBPH compost was high, growth 

measurements did not suggest that stunting resulted.   

Low available N in the egg shell compost treatment was likely responsible for low 

leaf area and crown dry weight in the egg shell compost treatment, relative to the other two 

compost treatments, in one sample early in Year 2.  Pre-plant fertilizer calculations were 

based on Year 1 compost analysis values, and this caused available N to be overestimated for 

the egg shell compost treatment.  Thus, less soybean meal was applied and available N was 

estimated to be less than in other treatments.  It appears that growth was stunted early in the 

season, but yield was not lower than in any other treatment.  It is unknown whether the egg 

shell compost treatment would have had higher marketable yield per plant than other 

treatments if fall N application had been equivalent.   

The only elements, besides N, for which treatment averages of tissue levels were 

sometimes below the respective sufficiency range were Mg, S, and Fe (Campbell and Miner, 

2000).  Average tissue Mg was only borderline low near the end of each harvest season, 

whereas, tissue S was often low (Campbell and Miner, 2000).  The organic compost supplied 

the most S, and this is reflected in soil and tissue samples, but treatments had little effect on 

how often tissue S treatment averages were within the sufficiency range of 0.15 – 0.40% 

(Campbell and Miner, 2000).  Sulfur deficiency can reduce shoot growth and levels of the 

amino acids methionine and cysteine, as well as chlorophyll (Marschner, 1995).  High Fe in 

the egg shell compost was reflected in tissue samples, and the availability of Fe in the 

organic compost treatment may have been decreased by high levels of soil P, but treatments 
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effects made little difference in how often tissue Fe was lower than the sufficiency range of 

50 – 300 ppm (Campbell and Miner, 2000; Marschner, 1995).  

Differences in P and K levels in soil and tissue reflected the high levels of both 

nutrients in the organic compost.  Some evidence of the moderately high K levels in the 

PBPH compost was seen in tissue samples, as well.  The large variances caused by the 

organic compost treatment could have masked more differences between the other three 

treatments.  Soybean meal added to PBPH compost and control treatments in Year 2 may 

have obscured compost-induced differences, as well.   

Both egg shell and organic compost treatment soil tests reflect the receipt of 

considerably more Ca than the PBPH compost or control treatments, an effect that may have 

been exacerbated by pH differences; calcium is more likely to leach from the soil when pH is 

low (Brady and Weil, 2004).  However, higher tissue Ca than in control was only found in 

the egg shell compost treatment.  High soil levels of other cations, such as K+ or NH4
+, may 

have inhibited uptake of Ca2+ (Mengel and Kirkby, 2001).   

Tissue levels of Mn and Zn did not mirror the respective compost or soil levels of 

those nutrients.  Despite Mn contributions of the egg shell and organic composts, and to a 

considerably lesser extent, the PBPH compost, treatments did not differ in soil Mn.  An 

increased divergence with respect to pH is likely responsible for tissue differences being 

found in Year 2 but not Year 1 (Brady and Weil, 2004); tissue Mn differences in Year 2 

corresponded with a widening gap between pH averages in the PBPH and control treatments 

and the egg shell and organic compost treatments.  Similarly, tissue Zn was lower in orgfanic 

and egg shell compost treatments than control in three months in Year 2, even though soil 
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analysis reflected the high level of Zn in the organic compost.   As with Mn, soil pH is a 

likely cause of these differences (Marschner, 1995).   

The lack of tissue Cu differences, in spite of soil differences, may be attributable to 

the tendency of the element to bind with organic matter (Mengel and Kirkby, 2001).  The 

contribution of B by the PBPH compost and, to a greater extent, the organic compost are 

reflected in tissue samples.  Although B treatment averages were sufficient in this study, B 

fertilizer is sometimes needed in strawberry plantings (Poling and Monks, 1994).  Hence, 

having B in compost could be advantageous to strawberry growers.  High soil K may be 

responsible for the organic compost treatment not having higher tissue Na than other 

treatments, even though Na was high in the organic compost and respective soil samples 

(Mengel and Kirkby, 2001). 

The low leaf area and leaf dry weights in the organic compost treatment early in Year 

1, along with the BBC compost analysis, suggest that plants in the organic compost treatment 

were stunted early in Year 1 due to the immaturity of the compost.  Inbar et al. (1993a) 

demonstrated the importance of adequately matured compost to good plant growth and 

concluded that the detrimental effects of immature compost on plant dry weight appear to be 

chiefly attributable to phytotoxic compounds and, to a lesser extent, oxygen deprivation.  

Salts were high in this compost, and there is evidence in the work of Millner et al. (2004) that 

salts in some compost treatments contributed to lower aboveground biomass; strawberries are 

considered a salt-sensitive plant, with lowered yield at salt levels of 1 dS·m-1 or greater 

(Maas, 1986).  However, the fact that stunting was not observed in Year 2 when soluble salt 

levels in the organic compost were higher suggests that other substances, such as low 
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molecular weight organic acids, were responsible for the stunting in the organic compost 

treatment in Year 1 (BBC Laboratories, Inc., n.d.; Dick and McCoy, 1993).     

Since the negative effects in our study seemed to go away as the season progressed, it 

is suggested that the compost’s phytotoxicity was ameliorated with time, but yields may have 

been greater had the plants been healthier early in the season.  This lack of maturity and 

resultant stunting highlights the need for quality control in composting, a need that many 

others have mentioned (De Ceuster and Hoitink, 1999; Hoitink and Changa, 2004; Hoitink et 

al., 1997; Hoitink and Fahy, 1986; Inbar et al., 1993b).  Incidentally, it appears that the egg 

shell compost was the most stable of the three.  Its respiration rate was lowest in Year 1, and 

it had more NO3
-  in relation to NH4

+ in Year 2.  

One or more composts increased pH and CEC, decreased soil bulk density, or 

increased soil organic matter, but not all composts were equally effective in these respects.  

The ability to increase pH may be helpful in acidic soils that usually require additions of lime 

or gypsum (Brady and Weil, 2004).  The fact that a significant difference in bulk density was 

found in Year 1 but not Year 2 may have resulted from the lower rate of compost application 

for the second season.  Bulk density sampling errors may have resulted from difficulties in 

taking samples due to the soil being excessively dry in some plots.  Higher organic matter in 

the PBPH compost may have contributed to superior plant growth in Year 2, among 

‘Camarosa’.  Better plant growth may explain the higher average berry weight in the PBPH 

compost treatment than in control. 

While ‘Camarosa’ tended to have more root disease and inferior root health as 

compared to ‘Chandler’, marketable yields were not lower.  In Year 2, higher root disease 

was already present in ‘Camarosa’ plants when they were planted.  ‘Chandler’ once had 
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greater total yield than ‘Camarosa’, but cull incidence in ‘Camarosa’ was lower, so 

‘Camarosa’ had marketable yields that were greater than or not significantly different from 

‘Chandler’.  Since culls were not separated into berries that were too small and berries that 

were too soft or diseased, it is not clear whether ‘Camarosa’ would have an advantage if N 

fertility had been adequate and ‘Chandler’ fruit had been larger.  Percent cull was also lower 

in ‘Camarosa’ than ‘Sweet Charlie’, differing from what Fernandez et al. (2001) found in a 

conventional system from which fungicides were excluded, where ‘Chandler’, ‘Camarosa’, 

and ‘Sweet Charlie’ had cull incidences of 16, 13, and 11%, respectively.  ‘Sweet Charlie’ 

yields were low compared to ‘Chandler’ and ‘Camarosa’—as is found in conventional 

systems—but the percent decrease in marketable yield, as compared to the conventional 

study, was lower for ‘Sweet Charlie’ than for ‘Chandler’ or ‘Camarosa’ (Fernandez et al., 

2001).  Growers may choose ‘Sweet Charlie’ because of its early yield (Fernandez et al., 

2001).   

Conclusions 

Composts differed with respect to raw materials, chemical properties, and their 

effects on measured soil and plant parameters, but impacts on yield were limited.  Organic 

and egg shell composts had considerable impacts on soil nutrient levels, pH, and CEC, and 

soil organic matter increased in all compost treatments.  By building up the level of organic 

matter, compost application may result in better soil physical properties (such as water-

holding capacity and aggregation), better nutrient retention and availability, and a larger 

population of soil microorganisms (Brady and Weil, 2004).  Compost should be tested before 

use to determine levels of soluble salts and plant nutrients, and the C:N ratio.  If salts are 

indicated as being high, the compost can be applied in the season before planting (Hoitink 

 46



 

and Schmitthenner, 1988; Hoitink et al., 1997).  A good time to do this may before a summer 

cover crop is planted (J. Vollmer, personal communication).  Nutrient supply to the crop may 

be compromised by the early addition, but a cover crop can lessen the loss of nitrate (Dick 

and McCoy, 1993).  Early incorporation is also a way to potentially improve disease 

suppression and to manage a high C:N ratio (Dick and McCoy, 1993; Lumsden et al., 1983).  

Alternatively, when the C:N ratio is high, supplemental fertilizer can be applied based on 

how much N a waste analysis estimates will be available.   

A low level of N or other nutrients in the compost may necessitate additional fall 

fertilization, and spring fertilization will almost certainly be necessary.  A compost analysis 

before planting and tissue sampling in the spring will help determine how much fertilizer is 

needed.  Soil to which compost is applied should be monitored for excessively high nutrient 

levels that could result in soft fruit, excessive antagonism of other nutrients or, especially in 

the case of P, environmental pollution (Miner et al., 1997; Mengel and Kirkby, 2001; Preusch 

et al., 2004).  Growers should also make sure that pH does not rise too much. 

Growers choosing to produce organically can expect ‘Chandler’ and ‘Camarosa’ to be 

comparably productive, with ‘Sweet Charlie’ having earlier but lower yields.  The overall 

low yields found in this study can not be attributed solely to organic production methods; 

spring N was much lower than recommended.  It is expected that, with adequate monitoring 

and addition of nutrients, yields could be closer to those of conventional systems.   

Compost can increase nutrient levels, pH, CEC, and percent organic matter.  

However, it is not a magic bullet and, if used, should be part of a comprehensive fertility and 

disease management program.  Organic strawberry production requires attentive 

management, likely beyond that needed for systems that use alternative fumigants.  Yields of 
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organic strawberries may be lower, but prices for organic berries are often higher, and 

productivity may improve as the length of time that fields have been under organic 

management increases.     
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Table 1.  Modified Horsfall-Barrett scale used to rate root rot. 
Rating Percent root rot 

0 0 
1 <0.6 (one lesion) 
2 0.6-3 
3 3-6 
4 6-12 
5 12-25 
6 25-50 
7 50-75 
8 75-87 
9 87-94 
10 94-97 
11 97-100 
12  100 

 

 



 

Table 2. Marketable and total yield/plant (g), percent cull (%), and average berry wt (g) of three compost-amended treatments and a 
control and of strawberry cultivars Bish (BI; Year 1 only), Chandler (CH), Camarosa (CR) and Sweet Charlie (SC; Year 1 only).   
  Year 1  Year 2 

Compost treatment 
Marketable 

yield Total yield  
Percent 

cull 
Average 
berry wt  

Marketable 
yield Total yield

Percent 
cull 

Average 
berry wt 

PBPHz 285        372 23 15 344 453 26 aw 14 ab 
Egg shell 287 363 21 15  381 469 18 b 14 a 
Organic            

            
         

330 414 21 16 331 435 24 a 13 bc
Control 313 401 22 15 299 412 28 a 13 c
P-value 0.2805y,x 0.1941y,x 0.4872 0.0310y 0.1964 0.5096 0.0060 0.0536
Cultivar                  
BI 268          376 29 a 14 -- -- -- --
CH 337 446 25 b 15  331 465 a 30 a 13 b 
CR 365 429 15 d 16  346 419 b 18 b 14 a 
SC           

         
246 299 18 c 16 -- -- -- --

P-value <.0001y,x <.0001y,x <.0001 <.0001y 0.4426 0.0520 <.0001 0.0024
zPBPH = pine bark-peanut hull 
yThere was a significant compost x cultivar interaction for this variable, so separation of differences is not given for the compost main 
effect, even if P ≤ 0.05. 
xAnalysis of variance and separation of differences were performed on log10 transformed values. 
wTreatments or cultivars with the same letter are not statistically different per a protected least significant difference procedure (α = 
0.05).     
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Table 3. Marketable and total yield/plant, and average berry wt, from Year 1 separated by cultivar due to significant interactions.   

Variable 
Interaction  

P-value       
Marketable yield/plantz (g) 0.0037  BI CH CR SC P-value 
  

      

      

      

PBPHy 262 bx 298 b 356 a 226 c 0.0004 
  Egg shell 256 b 293 ab 348 a 252 b 0.0538 
  Organic 235 b 425 a 415 a 246 b <.0001 
  Control 319 a 331 a 343 a 261 b 0.0298 

  P-value 0.0588 0.0578 0.1800 0.4326
Total yield/plantz (g) 0.0055  BI CH CR SC P-value 
  PBPH 370 b 415 b/a 421 a 283 c 0.0002 
  Egg shell 358 ab 383 b/a 408 a 303 b 0.0470 
  Organic 343 b 544 a/a 474 a 296 b 0.0002 
  Control 431 a 443 ab/a 412 a 316 b 0.0062 

 P-value 0.1123 0.0398 0.2964 0.4028  
Average berry wtz (g) 0.0499  BI CH CR SC P-value 
  PBPH 14 b 14 b/b 16 b/a 16 a 0.0071 
  Egg shell 13 b 15 ab/a 16 b/a 16 a 0.0350 
  Organic 14 c 16 a/b 18 a/a 16 b 0.0011 
  Control 14 c 15 b/bc 15 b/ab 16 a 0.0157 

 P-value 0.7099 0.0408 0.0124 0.6150  
zAnalysis of variance and separation of differences were performed on log10 transformed values. 
yPBPH = pine bark-peanut hull 
xTreatments or cultivars with the same letter are not statistically different per a protected least significant difference procedure (α = 
0.05).  When more than one letter occurs with a value, the first is for the compost treatment comparison and the second is for the 
cultivar comparison.         
 
 
 
 
 
 
 

 57



 

Table 4. Nutrient and Na levels (ppm), pH, soluble salts (dS/m), carbon to nitrogen (C:N) ratio, and dry matter (%) in three composts.   
  Year 1   Year 2 
  PBPHz Egg shell Organic   PBPH Egg shell Organic 
N  10,706 13,705 18,057  10,211 4122 14,977 

NH4 
+ --      
        
         

       
         

         
         

         
         
         
         
         

         
         

         
         

         
       

         

-- --  638 76.4 682
NO3 - -- -- -- 52.2 240 53.6
Urea

  
-- -- -- 0.0 4.69 27.9

P 732 1,933 11,823 1,005 1,302 12,496
K 4,631 1,507 8,713 4,607 873 11,135
Ca 7,357 34,939 20,332 5,155 49,274 48,476
Mg 1,858 1,174 2,867 1,133 1,064 4,688
S 901 1,596 5,187 1,369 1,106 6,148
Fe 893 18,908 2,202 812 16,201 3,156
Mn 65.1 580 428 77.9 580 470
Zn 38.8 61.8 429 32.4 37.0 421
Cu 15.7 19.6 296 13.3 11.5 287
B 11.3 0.0 34.8 15.6 0.0 19.8
Cl -- -- -- 212 219 3,724
C   436,790 195,715 199,537  423,818 63,723 137,921 
Na 686 534 2,644 532 560 3,167
pH 5.61 7.18 7.68 5.01 7.09 7.14
Soluble salts

 
0.53 1.12 3.87 1.17 1.70 8.54

C:N ratio 40.80 14.28 11.05 41.51 15.46 9.21
Dry matter 30.06 60.53 68.24 44.01 74.77 66.20

z PBPH = pine bark-peanut hull 
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Table 5. Germination rate (%), maturity index (%), conductivity (dS·m-1), pH, and respiration rate (mg O2/kg compost dry solids·hr) of 
three composts in Year 1. 

 Compost Germination ratez Maturity index Conductivity pH Respiration rate  
PBPHy 99    88 0.44 5.8 19
Egg shell 101    

      
73 1.69 7.7 8.5

Organic 0 0 12.3 8.9 65
zOptimal values are as follows: Germination rate: >85%. Maturity index: >50%. Conductivity <10 dS·m-1. pH: 6.5 – 8.5. Respiration 
rate: ≤100 mg O2/kg compost dry solids·hr. 
yPBPH = pine bark-peanut hull 
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Table 6. Soil nutrient and Na levels, base saturation, pH, and cation exchange capacity (CEC) for three compost-amended treatments 
and a control.   
       Year 1 Year 2
Variable Compost 14 Sept. 9 Mar.  14 Apr. 3 May 9 June   3 Oct. 25 Jan. 4 Apr. 3 May 2 June 
P (mg/dm3) PBPHz 346 423 by 411 b 420 b 424 b  394 b 442 b 436 b 444 b 422 b 
 Egg shell 355 435 b 425 b 425 b 448 b  395 b 420 b 421 b 441 b 421 b 
 Organic 348 601 a 587 a 580 a 633 a  516 a 676 a 667 a 718 a 649 a 
 Control 343 411 b 400 b 391 b 440 b  402 b 442 b 440 b 459 b 440 b 
 P-value            

         

            

            
             

             
              
              

           
             

            
             
             

            

0.9292 0.0012 0.0007 0.0024 <.0001 0.0003 <.0001 <.0001 0.0001 0.0002
K          PBPH 0.42 0.37 b 0.38 b 0.31 b 0.36 b  0.35 b 0.41 b 0.28 b 0.29 b 0.24 b 
(meq/100 cm3) Egg shell 0.37 0.37 b 0.37 b 0.33 b 0.34 b  0.31 b 0.32 c 0.27 b 0.27 b 0.22 b 
 Organic 0.43 0.95 a 1.06 a 0.52 a 1.00 a  0.62 a 0.91 a 0.82 a 0.81 a 0.56 a 
 Control 0.39 0.32 b 0.30 b 0.23 b 0.29 b  0.34 b 0.34 bc 0.26 b 0.21 b 0.19 b 
 P-value 0.2445 <.0001 <.0001 0.0070 <.0001 <.0001 <.0001x <.0001 <.0001 <.0001
Ca         PBPH 2.31 2.43 b 2.46 c 2.86 c 2.58 b  2.51 c 2.88 c 3.24 b 3.17 c 3.05 b 
(meq/100 cm3) Egg shell 1.82 3.73 a 3.54 b 3.97 b 4.03 a  2.94 b 4.55 b 4.73 a 4.94 b 5.48 a 
 Organic 2.55 4.08 a 4.26 a 4.81 a 4.50 a  3.70 a 5.56 a 5.33 a 5.82 a 5.70 a 
 Control 2.05 2.50 b 2.37 c 2.44 c 2.67 b  2.44 c 3.05 c 2.89 b 3.33 c 3.13 b 
 P-value 0.4133 0.0003 0.0002 <.0001 0.0001 <.0001 0.0002 <.0001 0.0002 0.0001
Mg        PBPH 0.72 0.88 b 0.92 b 0.90 b 0.97 b  0.90 b 0.93 b 1.03 b 1.03 b 0.98 b 
(meq/100 cm3) Egg shell 0.66 0.88 b 0.87 b 0.84 b 0.92 b  0.77 c 0.85 b 0.80 c 0.88 b 0.86 b 
 Organic 0.78 1.30 a 1.46 a 1.15 a 1.42 a  1.10 a 1.51 a 1.45 a 1.60 a 1.40 a 
 Control 0.69 0.88 b 0.88 b 0.77 b 0.96 b  0.87 bc 0.98 b 0.90 c 1.03 b 0.93 b 
 P-value 0.1814 0.0005 0.0004 0.0183 0.0024 0.0008 0.0003

 
<.0001 <.0001 0.0002

S (mg/dm3)
 

PBPH -- 12 b -- -- --  12.2 b -- -- -- --
Egg shell -- 13 b -- -- --  11.5 b -- -- -- --
Organic -- 34 a -- -- --  15.6 a -- -- -- --
Control -- 11 b -- -- --  11.3 b -- -- -- --

 P-value -- 0.0004 -- -- --  0.0413 -- -- -- --
Mn (mg/dm3)
 

PBPH 47.5 46.1 46.1 46.9 51.6 49.6 49.6 51.6 52.0 53.0
Egg shell 49.0 50.2 52.3 50.2 59.6 49.0 51.0 52.2 51.8 53.1
Organic 48.1 59.6 57.5 60.2 63.1 57.5 62.1 63.2 63.0 62.7
Control 44.4 42.7 42.3 41.4 53.3 47.9 47.6 47.9 49.6 49.0

 P-value 0.9917 0.7770 0.8062 0.7580 0.9183 0.9302 0.8500 0.8375 0.8797 0.8947
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Table 6 continued.            

            

            

            

            

            

            

Zn (mg/dm3) PBPH 6.3 9.6 b 9.9 b 10.8 b 9.4 b  7.9 b 9.6 b 10.1 b 10.3 b 9.9 b 
 Egg shell 5.8 10.7 b 10.3 b 9.8 b 10.9 b  6.9 b 8.6 b 8.6 b 9.2 b 8.9 b 
 Organic 6.9 16.8 a 16.5 a 18.4 a 18.1 a  12.4 a 19.4 a 18.5 a 21.0 a 19.6 a 
 Control 5.9 10.3 b 9.0 b 9.3 b 10.2 b  7.7 b 9.8 b 9.9 b 10.1 b 10.2 b 
 P-value 0.5578 0.0111 0.0039 0.0028 <.0001 0.0025 0.0004 0.0011 0.0010 0.0013
Cu (mg/dm3) PBPH 3.3 4.3 b 4.4 b 5.0 b 4.1 b  3.6 b 4.0 b 4.5 b 4.0 b 4.6 b 
 Egg shell 3.2 4.4 b 4.2 b 4.5 b 4.6 b  3.0 b 3.4 b 3.8 b 3.7 b 4.1 b 
 Organic 3.3 6.1 a 6.1 a 6.8 a 6.7 a  5.0 a 6.5 a 6.5 a 6.9 a 7.1 a 
 Control 3.2 4.6 b 4.1 b 4.2 b 4.4 b  3.4 b 3.8 b 4.6 b 4.3 b 4.8 b 
 P-value 0.9176 0.0135 0.0095 0.0059 0.0007 0.0016 0.0043 0.0019 0.0045 0.0062
Na         PBPH -- 0.2 0.2 b 0.2 b 0.2 b  0.1 0.1 b 0.1 b 0.2 b 0.2 
(meq/100 cm3) Egg shell -- 0.2 0.1 b 0.2 b 0.2 b  0.1 0.1 b 0.2 b 0.2 b 0.3 
 Organic -- 0.3 0.4 a 0.3 a 0.4 a  0.2 0.3 a 0.3 a 0.3 a 0.3 
 Control -- 0.2 0.1 b 0.2 b 0.2 b  0.1 0.1 b 0.2 b 0.2 b 0.2 
 P-value -- 0.1025 0.0031 0.0009 0.0054 0.1936 0.0012 0.0079 0.0009 0.5896
Base saturation  PBPH 74 77 b 79 b 78 b 77 b  76 b 78 b 79 b 80 b 79 b 
(%) Egg shell 70 87 a 86 a 88 a 88 a  79 b 90 a 90 a 91 a 93 a 
 Organic 77 89 a 91 a 90 a 91 a  86 a 92 a 91 a 92 a 92 a 
 Control 72 79 b 79 b 78 b 77 b  77 b 80 b 77 b 81 b 79 b 
 P-value 0.2092 0.0032 0.0011 <.0001 0.0002 0.0177 0.0001 0.0002 0.0039 <.0001
pH PBPH 5.3 5.9 5.8 b 5.7 b 5.4 b  5.5 b 5.4 b 5.7 b 5.8 b 5.7 b 
 Egg shell 5.1 6.3 6.1 a 6.2 a 6.0 a  5.8 a 6.4 a 6.4 a 6.5 a 6.6 a 
 Organic 5.5 6.3 6.3 a 6.4 a 6.1 a  5.9 a 6.3 a 6.4 a 6.4 a 6.5 a 
 Control 5.2 6.1 5.8 b 5.8 b 5.4 b  5.4 b 5.4 b 5.7 b 5.8 b 5.7 b 
 P-value 0.1303 0.1099 0.0034 <.0001 0.0010 0.0072 0.0002 0.0004 0.0040 <.0001
CEC  PBPH 4.7 4.8 c 4.8 bc 5.2 bc 5.1 c  5.0 b 5.4 b 5.8 bc 5.6 c 5.4 c 
(meq/100cm3) Egg shell 4.1 5.7 b 5.5 b 5.9 b 6.1 b  5.0 b 6.4 b 6.5 b 6.7 b 7.1 b 
 Organic 4.8 7.1 a 7.5 a 7.2 a 7.6 a  6.3 a 8.7 a 8.3 a 9.0 a 8.4 a 
 Control 4.3 4.6 c 4.5 c 4.4 c 5.1 c  4.8 b 5.5 b 5.2 c 5.6 c 5.4 c 
 P-value 0.4565 0.0004 0.0002 0.0003 0.0004 0.0001 0.0003 <.0001 <.0001 0.0004

zPBPH = pine bark-peanut hull 
yTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).       
xAnalysis of variance and separation of differences were performed on log10 transformed values for this variable in this month. 
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Table 7.  Strawberry leaf tissue nutrient content in three compost-amended treatments and a control.  All analyses were performed on 
leaf blade tissue, except for NO3

-, for which leaf petioles were used.   
  Year 1  Year 2 
Variable Compost 24 Mar. 14 Apr. 13 May  9 June   3 Mar. 4 Apr.  3 May 2 June 
N (%) PBPHz 2.69          2.89 by 2.67 1.84 2.42 2.58 b 1.98 1.67
 Egg shell 2.92 2.90 b 2.63 1.93      
            
            

          
            

             
             

         

          

          

          
        
         
         
         

2.46 3.02 a 2.15 1.69
Organic 3.08 3.09 a 2.68 1.98 2.31 2.66 b 2.08 1.82
Control 2.76 2.86 b 2.69 1.89 2.34 2.67 b 1.97 1.65

 P-value 0.0021x 0.0406 0.8993 0.4687 0.3359 0.0111 0.1467 0.1285
NO3

-
 (ppm) PBPH 582 b 2421 b 1247 404 990 556 531 286

 Egg shell 888 ab 2618 b 1229 416  898 848 607 268 
Organic 1297 a 3608 a 1660 520 934 594 564 311
Control 659 b 2521 b 1376 433 969 708 574 275

 P-value 0.0138w 0.0404 0.1067w 0.2904w 0.7545 0.1925 0.1846 0.1494
P (%) PBPH 0.32 b 0.34 a 0.29 0.27 b  0.45 0.28 b 0.31 b 0.36 
 Egg shell 0.32 b 0.32 b 0.27 0.26 b  0.40 0.28 b 0.28 b 0.35 
 Organic 0.37 a 0.35 a 0.29 0.30 a  0.41 0.32 a 0.39 a 0.37 
 Control 0.33 b 0.33 ab 0.29 0.27 b  0.46 0.27 b 0.27 b 0.36 
 P-value 0.0141 0.0209 0.0654 0.0152 0.1415 0.0081 0.0007 0.8178
K (%) PBPH 1.40 b 1.60 b 1.38 1.28  1.63 1.72 b 1.50 b 1.50 b 
 Egg shell 1.46 b 1.56 b 1.35 1.25  1.62 1.70 b 1.49 b 1.41 b 
 Organic 1.63 a 1.81 a 1.60 1.49  1.65 1.87 a 1.72 a 1.66 a 
 Control 1.40 b 1.53 b 1.31 1.23  1.60 1.68 b 1.29 c 1.41 b 
 P-value 0.0002 0.0003 0.0017x 0.0005x 0.8765 0.0311 <.0001 0.0080
Ca (%) PBPH 0.60 b 1.05 1.36 a 0.59 b  0.70 b 0.92 1.28 b 0.87 b 
 Egg shell 0.61 b 1.13 1.41 a 0.72 a  0.78 a 1.00 1.52 a 1.12 a 
 Organic 0.57 b 0.97 1.17 b 0.67 ab  0.68 b 0.92 1.25 b 0.76 b 
 Control 0.65 a 1.05 1.36 a 0.60 b  0.69 b 0.93 1.32 b 0.80 b 
 P-value 0.0105 0.0047x 0.0046 0.0542 0.0097

 
0.0655x 0.0097 0.0259
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Table 7 continued.          
     

       
             
             

          

          

      
      

          
       

         
    

    
       
      

          
          

          
           
           

          
        
         

Mg (%) PBPH 0.32 bc 0.37 0.38 ab 0.24 0.36 0.31 0.31 0.25
 Egg shell 0.29 c 0.36 0.36 b 0.25 0.34 0.30 0.33 0.25

Organic 0.35 a 0.39 0.36 b 0.26 0.34 0.33 0.31 0.25
Control 0.33 b 0.37 0.40 a 0.24 0.35 0.31 0.32 0.24

 P-value 0.0031 0.0962x 0.0282 0.3245x 0.4561 0.2015 0.7150 0.9915
S (%) PBPH 0.14 c 0.15 b 0.12 0.11  0.13 0.13 0.13 b 0.10 b 
 Egg shell 0.15 b 0.15 b 0.12 0.11  0.13 0.14 0.14 ab 0.10 b 
 Organic 0.16 a 0.16 a 0.13 0.12  0.13 0.14 0.15 a 0.12 a 
 Control 0.15 bc 0.15 b 0.13 0.10  0.13 0.14 0.12 c 0.11 ab 
 P-value 0.0006 0.0227 0.5640 0.1721 0.5927 0.1166 0.0032 0.0391
Fe (ppm) PBPH 38.5 b 55.0 64.7 42.3  78.7 60.2 bc 53.5 bc 53.3 
 Egg shell 44.0 a 59.0 66.1 44.2  70.6 66.7 a 60.8 a 58.3 

Organic 37.4 b 56.2 63.8 43.5  64.1 58.6 c 51.4 c 50.4 
Control 38.9 b 57.3 64.0 41.6  71.3 64.0 ab 55.1 b 48.1 

 P-value 0.0027 0.3396 0.7766 0.3796 0.1526 0.0099 0.0017 0.3210
Mn (ppm) PBPH 120 132 157 97.2 175 a 138 ab 173 a 150 a 

 Egg shell 85.2 96 114 96.3  58.3 b 59.9 c 75.0 b 65.8 b 
 Organic 111 111 118 101  67.7 b 59.4 bc 86.5 ab 63.4 b 
 Control 146 135 168 108  236 a 175 a 206 a 166 a 
 P-value 0.2777 0.3645 0.3783 0.9503 0.0340w 0.0436w 0.0259w 0.0242w 
Zn (ppm)
 

 PBPH 30.9 32.1 32.2 42.4  45.6 a 27.6 ab 31.3 ab 22.9 
Egg shell 26.2 26.8 29.5 36.2  25.5 b 18.4 c 20.3 c 18.8 
Organic 28.7 29.5 27.5 40.2 33.2 b 22.7 bc 26.1 bc 23.8 
Control 32.9 34.6 32.8 34.8  46.9 a 30.8 a 32.8 a 22.0 

 P-value 0.1410 0.1569w 0.0640w 0.6457w 0.0032 0.0035w 0.0058 0.1249
Cu (ppm)
 

 PBPH 6.4 6.0 7.7 5.9 8.4 5.4 5.2 4.6
Egg shell 6.4 5.9 7.9 5.4 8.6 5.6 5.3 4.1
Organic 6.1 6.3 6.9 5.8 8.5 5.7 5.1 4.7
Control 6.1 6.0 6.8 5.2 9.1 5.3 4.3 4.3

 P-value 0.3034 0.1077 0.7106y 0.0595 0.9050
 

0.0661 0.1561 0.7250
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Table 7 continued.          

          
           

          
           
           

          

B (ppm) PBPH 42.0 b 38.8 b 31.9 b 25.9 c  49.8 33.7 b 30.0 ab 30.7 b 
 Egg shell 42.0 b 39.4 b 32.4 b 28.6 b  48.7 33.1 bc 28.1 bc 30.3 b 
 Organic 47.7 a 53.4 a 41.3 a 36.1 a  50.3 39.8 a 32.2 a 35.8 a 
 Control 41.4 b 36.4 b 31.3 b 25.3 c  46.6 31.3 c 26.6 c 28.9 b 
 P-value 0.0008 <.0001 0.0003w <.0001 0.4124 <.0001 0.0060 0.0101
Na (%)
 

PBPH 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Egg shell 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.01
Organic 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Control 0.02 0.03 0.02 0.01 0.02 0.02 0.02 0.01

 P-value 0.8676 0.2302 0.1914 0.5685 0.6434 0.2797 0.4363 0.2019
zPBPH = pine bark-peanut hull 
yTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05). 
xThere was a significant compost x cultivar interaction for this variable in this month, so separation of differences is not given for the 
compost main effect, even if P ≤ 0.05. 
wAnalysis of variance and separation of differences were performed on log10 transformed values for this variable in this month. 
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Table 8.  Root rot and root vigor ratings for strawberry plants grown in three compost-amended treatments and a control. 
Variable—Year 1 Compost 13 Oct.z 19 Nov. 4 Jan. 24 Feb. 14 Apr. 11 May 7 June 
Root roty PBPH       3.3w 2.9 5.0 3.2 4.6 bv  4.3 4.6
  Egg shell -- 2.9 4.6 3.4 5.1 b 4.7 4.2 
  Organic -- 3.7 5.2 4.2 5.8 a 4.8 4.5 
          

      
         

        
         
        
      

Control -- 3.2 4.9 2.7 5.0 b 3.9 4.1
 P-value -- 0.2520 0.1006 0.1345 0.0147 0.1223 0.6463
Root vigorx

 
PBPH -- 2.1 2.1 2.1 2.6 2.5 2.6
Egg shell -- 2.0 2.0 2.0 2.6 2.5 2.8
Organic -- 2.3 2.6 2.0 2.8 2.8 2.6
Control -- 2.0 2.1 1.6 2.6 2.6 2.8 
P-value -- 0.0823 <.0001u 0.1822 0.5597 0.7788 0.5493

Variable—Year 2 Compost 6 Oct. 18 Nov. 29 Dec. 10 Feb. 29 Mar. 26 Apr. 25 May 
Root rot  PBPH         2.9 3.9 2.1 3.0 4.1 5.8 a 5.5
  Egg shell -- 4.4 2.4 4.4 3.4 5.3 ab 4.8 
           
         
      

         
        

         
    
       

Organic -- 4.0 2.6 3.1 4.3 5.5 a 5.4
Control -- 3.1 2.0 3.8 3.3 4.3 b 5.0
P-value -- 0.1813u 0.3354 0.5111 0.3855u 0.0370 0.8406

Root vigor
 

PBPH 2.5 2.1 1.8 2.0 2.5 2.0 2.4
Egg shell -- 2.0 2.1 2.8 2.4 2.4 2.6
Organic -- 2.5 1.6 1.9 2.1 1.9 2.4
Control -- 2.3 1.8 2.3 2.3 2.0 2.5
P-value -- 0.1649u 0.1736 0.2194 0.4363 0.6601 0.9178

zThe October whole plant harvests took place before planting, so there was no compost test.  The values in this column are grand 
means and are provided for purposes of comparison. 
yRoot rot was rated according to a modified Horsfall-Barrett scale (Table 1).  
xRoot vigor was rated on the following scale: 1 = healthy root system, 2 = slight loss of root hairs, 3= moderate loss of root hairs, 4 = 
severe loss of root hairs, 5 = dead root system.    
wAlthough ratings consisted only of whole numbers, the average is reported to the tenths digit in order to show variation. 
vTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).      
uThere was a significant compost x cultivar interaction for this variable in this month, so separation of differences is not given for the 
compost main effect, even if P ≤ 0.05. 
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Table 9.  Root rot and root vigor ratings for strawberry cultivars Bish (BI; Year 1 only), Chandler (CH), Camarosa (CR), and Sweet 
Charlie (SC; Year 1 only). 
Variable—Year 1 Cultivar 13 Oct. 19 Nov. 4 Jan. 24 Feb. 14 Apr. 11 May 7 June 
Root rotz BI 3.2    3.2 4.5 4.5 aw 5.6 ab 4.2 b 3.9 b 
  CH      

        

       

      

3.5 3.2 4.8 2.1 b 4.3 c 4.2 b 4.8 a  
  CR 3.3 3.3 5.1 4.9 a 5.8 a 5.2 a 4.8 a 
 SC 3.4 3.0 4.9 1.9 b 4.9 bc 4.0 b 3.9 b 
 P-value 0.8072 0.8549 0.2699 <.0001 0.0003 0.0062 0.0244
Root vigory BI -- 1.9 b 2.0 1.5 b 2.6 2.5 2.6 
 CH -- 2.3 a 2.4 2.4 a 2.6 2.6 2.6 

CR -- 2.1 a  2.3 1.9 ab 2.9 2.5 2.7
 SC -- 2.1 a 2.2 1.8 b 2.6 2.7 2.8 

P-value -- 0.0108 0.0033v 0.0083 0.2368 0.8120 0.5854
Variable—Year 2 Cultivar 6 Oct. 18 Nov. 29 Dec. 10 Feb. 29 Mar. 26 Apr. 25 May 
Root rot CH 1.9 b 2.3        2.2 2.9 2.9 4.6 b 4.1 b
  CR 4.0 a 5.4 2.4 4.2 4.6 5.8 a 6.2 a 
  P-value 

 
0.0001 <.0001v      

   
          

       

0.5044 0.0872 0.0041v 0.0281 0.0053
Root vigor
 

CH 2.6 1.8 1.6 1.9 b 2.0 b 1.9 2.4 
CR 2.4 2.6 2.0 2.6 a 2.6 a 2.3 2.6
P-value 0.4022 <.0001v 0.1176 0.0004 0.0203 0.1000 0.3536

zRoot rot was rated according to a modified Horsfall-Barrett scale (Table 1).   
yRoot vigor was rated on the following scale: 1 = healthy root system, 2 = slight loss of root hairs, 3= moderate loss of root hairs, 4 = 
severe loss of root hairs, 5 = dead root system.   
x Although ratings consisted only of whole numbers, the average is reported to the tenths digit in order to show variation. 
wTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).      
vThere was a significant compost x cultivar interaction for this variable in this month, so separation of differences is not given for the 
compost main effect, even if P ≤ 0.05. 
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Table 10.  Incidence of fungi on ‘Chandler’ root samples. 
 Pythium Rhizoctonia Fusarium Unknown
PBPH    25z 67 25 0
Egg shell 44 53 33 7 
Organic     

     
50 43 50 7

Control 12 38 28 26
zNumbers are percentage of root samples on which fungal genus or one or more unknown fungi were found.
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Table 11.  Strawberry plant growth data for three composts and a control in Year 1.   
 Variable Compost 13 Oct.z  19 Nov. 4 Jan. 24 Feb. 14 Apr. 11 May 7 June 

Leaf area (cm2)  PBPHy 118.00 260.61 ax 450.90 a 465.05 709.46 1171.30 1923.12 
 Egg shell -- 275.22 a 444.50 a 532.36 724.85 1390.70 1493.06 
 Organic -- 169.52 b 311.14 b 415.17 708.39 1388.64 1936.99 
 Control -- 254.38 a 479.38 a 544.70 804.16 1230.43 1329.51 
 P-value        

        
         

        
         
         

        
       

         
          
          

        
        

         
          
          

        

         
          
          

      

-- 0.0198 0.0052 0.0881 0.7325 0.2966 0.1832
Leaf dry wt (g) PBPH 0.89 2.47 a 3.67 a 4.88 6.49 9.53 17.93 
 Egg shell -- 2.67 a 3.61 a 5.40 6.89 11.31 14.62 
 Organic -- 1.67 b 2.60 b 4.09 6.20 10.56 18.49 
 Control -- 2.42 a 3.89 a 5.59 7.51 9.97 12.40 
 P-value -- 0.0300 0.0071 0.1072 0.5075 0.4897 0.2011
Crown dry wt (g)
 

PBPH 0.18 0.68 2.12 3.46 4.28 5.17 6.64
Egg shell -- 0.72 2.11 3.51 3.46 5.43 4.93
Organic -- 0.59 1.80 2.86 3.21 5.39 5.77
Control -- 0.71 2.49 3.92 4.29 5.99 5.40

 P-value -- 0.7166 0.1112 0.2539 0.1133 0.6136 0.2748
Root dry wt (g) 
 

PBPH 0.23 1.20 2.80 a 3.87 2.70 3.12 3.66
Egg shell -- 1.34 2.72 a 3.64 2.09 2.96 2.75
Organic -- 0.88 2.30 b 3.17 2.31 2.83 3.27
Control -- 1.17 2.96 a 4.01 2.56 3.35 2.71

 P-value -- 0.1742 0.0059 0.3280 0.2425 0.7291 0.2335
Total vegetative dry wt (g) 
 

PBPH 1.30 4.34 8.59 a 12.31 13.46 17.82 28.23
Egg shell -- 4.73 8.45 a 12.55 12.45 19.75 22.27
Organic -- 3.14 6.69 b 10.12 11.72 18.77 27.54
Control -- 4.30 9.33 a 13.52 14.35 19.80 20.52

 P-value -- 0.1325 0.0125 0.1774 0.3767 0.7345 0.1955
Fruit dry wt (g) 
 

PBPH -- -- -- -- 2.93 17 b 26 
Egg shell -- -- -- -- 3.26 22 a 21
Organic -- -- -- -- 2.99 23 a 27
Control -- -- -- -- 3.61 19 ab 22

 P-value -- -- -- -- 0.6659 0.0476 0.2616
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Table 11 continued. 
zThe October whole plant harvest took place before planting, so there was no compost test.  The values in this column are grand means 
and are provided for purposes of comparison. 
yPBPH = pine bark-peanut hull 
xTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).      
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Table 12.  Strawberry plant growth data for three composts and a control in Year 2.   
  Variable Compost 6 Oct.z 18 Nov. 29 Dec. 10 Feb. 29 Mar. 26 Apr. 25 May 

Leaf area (cm2)       PBPHy 109.72 429.88 ax 638.68 702.42 1254.89 1501.20 1898.32
 Egg shell         
         
        

        
    

     
      
      

       
       

        
         
         

        
      

       
        
        

        
      

       
        
        

        
   

       
         
         

       

-- 292.46 b 466.45 444.51 1094.63 1530.96 2043.60
Organic -- 443.78 a 650.37 592.27 1169.13 1560.07 2145.43
Control -- 373.51 ab 577.08 710.07 1176.00 1551.72 1549.79

 P-value -- 0.0386 0.0711w 0.0750 0.8453w 0.9958 0.2295
Leaf dry wt (g) 
 

PBPH 0.70 
 

3.40 6.18 6.78 10.85 11.20 17.04
Egg shell -- 2.29 4.43 4.35 9.30 10.65 17.22
Organic -- 3.30 6.19 5.78 9.99 11.14 18.18
Control -- 2.74 5.64 6.96 9.90 11.86 13.51

 P-value -- 0.1267 0.1006w 0.0619 0.7527w 0.9155 0.3083
Crown dry wt (g) 
 

PBPH 0.21 
 

1.12 a 2.61 4.96 7.49 7.93 9.57
Egg shell -- 0.70 b 1.85 3.27 5.58 5.58 8.79
Organic -- 1.05 a 2.81 4.18 6.56 6.83 10.12
Control -- 0.85 ab 2.27 4.24 6.42 8.04 8.67

 P-value -- 0.0356 0.0725w 0.0657 0.1170 0.1043 0.7787
Root dry wt (g) 
 

PBPH 0.14 
 

1.23 3.63 6.84 6.65 4.29 4.46
Egg shell -- 0.76 3.02 4.62 5.55 3.18 3.82
Organic -- 0.99 4.47 6.62 6.92 4.37 5.19
Control -- 0.84 3.32 5.52 5.97 4.04 4.00

 P-value -- 0.0556 0.1800 0.0623 0.3137 0.2610 0.2897
Total vegetative dry wt (g) 
 

PBPH 1.05 
 

5.74 12.09 18.58 24.99 23.43 31.07
Egg shell -- 3.78 9.29 12.24 20.42 19.41 29.82
Organic -- 5.32 13.48 16.58 23.47 22.34 33.48
Control -- 4.43 11.23 16.72 22.29 23.93 26.18

 P-value -- 0.0804 0.1450 0.0721 0.2960w 0.3514 0.4627
Fruit dry wt (g) 
 

PBPH -- -- -- -- 0.87 18 28
Egg shell -- -- -- -- 1.40 18 26
Organic -- -- -- -- 1.13 18 27
Control -- -- -- -- 0.80 19 26

 P-value -- -- -- -- 0.7239v 0.9691 0.9545
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Table 12 continued. 
zThe October whole plant harvest took place before planting, so there was no compost test.  The values in this column are grand means 
and are provided for purposes of comparison. 
yPBPH = pine bark-peanut hull 

xTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).  
wThere was a significant compost x cultivar interaction for this variable in this month, so separation of differences is not given for the 
compost main effect, even if P ≤ 0.05. 
vAnalysis of variance and separation of differences were performed on log10 transformed values for this nutrient in this month. 
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Fig. 1.  Bulk density of soil amended with three composts.  Composts are listed on the 
horizontal axis.  PHPH = pine bark-peanut hull.  Comparisons were made between 
treatments, within years.  Treatments with the same letter are not statistically different per a 
protected least significant difference procedure (α = 0.05).  Samples were taken after the 
harvest season.  
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ig. 2.  Percent organic matter in soil amended with three composts.  A log10 transformation 
as used for analysis of the Year 1 data.  Composts are listed on the horizontal axis.  PHPH 
 pine bark-peanut hull.  Comparisons were made between treatments, within years.  
reatments with the same letter are not statistically different per a protected least significant 
ifference procedure (α = 0.05).  Samples were taken after the harvest season. 
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tion

Appendix A.  Calculations of estimated nitro
 
Estimated Year 1 nitrogen available from Year 1 compost applica . 

 

 

nd fertigation

PBPH*:       10706·10-6 kg N/kg dry compost x 30.06 kg dry compost/100 kg wet compost x 30 x 103 kg wet  
     compost/ha x 0† = 0  

Egg shell:   13705·10-6 kg N/kg dry compost x 60.53 kg dry compost/100 kg wet compost x 30 x 103 kg wet 
     compost/ha x 0.25 = 62.2 kg N/ha 

Organic:     18057·10-6 kg N/kg dry compost x 68.24 kg dry compost/100 kg wet compost x 30 x 103 kg wet 
      compost/ha x 0.25 = 92.4 kg N/ha 
 
Estimated Year 1 N available from Year 1 compost application a . 

gg she  N/ha = 80 kg N/ha 

ontrol:

stimate ost application

PBPH:       0 + 18 kg N/ha = 18 kg N/ha 
E ll:   62.2 kg N/ha + 18 kg
Organic:     92.4 kg N/ha + 18 kg N/ha = 110 kg N/ha 
C       0 + 18 kg N/ha = 18 kg N/ha 
 
E d Year 2 N available from Year 1 comp . 

BPH:      10706·10-6 kg N/kg dry compost x 30.06 kg dry compost/100 kg wet compost x 30 x 103  wet 

3 kg wet 

ompost/100 kg wet compost x 30 x 103 kg wet 

P  kg
    compost/ha x (1-0) x 0.05‡ = 4.83 kg N/ha  

Egg shell:  13705·10-6 kg N/kg dry compost x 60.53 kg dry compost/100 kg wet compost x 30 x 10
    compost/ha x (1-0.25) x 0.05 = 9.33 kg N/ha    

Organic:     18057·10-6 kg N/kg dry compost x 68.24 kg dry c
     compost/ha x (1-0.25) x 0.05 = 13.9 kg N/ha 
 
Estimated Year 2 N available from Year 2 compost application. 
PBPH:      10211·10-6 kg N/kg dry compost x 44.01 kg dry compost/100 kg wet compost  x 20 x 103 kg wet  
     compost/ha x 0 =  0 
Egg shell:   4122·10-6 kg N/kg dry compost x 74.44 kg dry compost/100 kg o wet c mpost x 20 x 103 kg wet  

Organic:     14977·10-6 kg N/kg dry compost x 66.20 kg dry compost/100 kg wet compost x 20 x 103 kg wet  
     compost/ha x 0.50 =  99.1 kg N/ha 
 
Estimated Year 2 season N available from Year 1 & Year 2 compost application and soybean meal§

      compost/ha x 0.25 = 15.3 kg N/ha 

. 
PBPH:       4.83 kg N/ha + 0 + (1.10 x 103 kg sbm/ha x 0.072 kg N/kg sbm x 0.65)  = 56 kg N/ha 
Egg shell:   9.33 kg N/ha + 15.3 kg N/ha + 0 = 25 kg N/ha  
Organic:     13.9 kg N/ha + 99.1 kg N/ha + 0 = 113 kg N/ha  
Control:       0 + 0 + (1.44 x 103 kg sbm/ha x 0.072 kg N/kg sbm x 0.65) = 67 kg N/ha 
 
Estimated Year 2 season N available from Year 1 & Year 2 compost application, soybean meal, and fertigation. 
PBPH:       4.83 kg N/ha + 0 + (1.10 x 103 kg sbm/ha x 0.072 kg N/kg sbm x 0.65) + 20 kg N/ha = 76 kg N/ha 
Egg shell:   9.33 kg N/ha + 15.3 kg N/ha + 0 + 20 kg N/ha = 45 kg N/ha  
Organic:     13.9 kg N/ha + 99.1 kg N/ha + 0 + 20 kg N/ha = 133 kg N/ha  
Control:       0 + 0 + (1.44 x 103 kg sbm/ha x 0.072 kg N/kg sbm x 0.65) + 20 kg N/ha = 87 kg N/ha

                                                 
* PBPH = pine bark-peanut hull 
† Availability coefficients are based on carbon to nitrogen (C:N) ratio and are taken from Baldwin (2001).  
‡ The factor 0.05 is a coefficient for estimating N available from compost applied in a previous year.  This number 
comes from Amlinger et al. (2003).  
§ The analysis of soybean meal as 7.2% N, and the estimate of 65% availability in the first season came from K. Fager 
(personal communication).  Soybean meal was applied with the intention of bringing all treatments up to a level of at 
least 67 kg·ha-1 available N, but calculations were based on the assumption that N concentrations in the compost 
analysis were given on a wet weight basis, whereas they was actually given on a dry weight basis.  Also, calculations 
of available N were based on Year 1 compost analyses, and N was much lower in the egg shell compost in Year 2 
than Year 1.  Thus, the amount of compost-supplied N was over-estimated for all composts, and estimated available N 
from compost and soybean meal application was less than 67 kg·ha-1 for PBPH and egg shell compost treatments. 



 

Appendix B. Details of compost x cultivar interactions for pine bark-peanut hull (PBPH), egg shell, and organic compost treatments 
and control, and cultivars Bish (BI), Chandler (CH), Camarosa (CR), and Sweet Charlie (SC).   

Variable        Date P-value
Interaction  

Tissue N (%) Year 1 0.0073  BI CH CR SC P-value 
  

  
        

  

        

  

        

     
        

    

      
      
        

March  PBPH 2.85 abz  2.58 b 2.60 bc 2.73 0.2461 
   Egg shell 2.71 b 3.06 a 2.89 ab 3.03 0.0606 
   Organic 

 
3.14 a 3.20 a 3.02 a 2.98 0.4185 

Control 2.78 b/b  3.09 a/a 2.48 c/c 2.71 bc 0.0039 
 P-value 0.0539 0.0036 0.0204 0.1032

Tissue K (%) Year 1 0.0062  BI CH CR SC P-value 
 May  PBPH 1.33 b 1.40 b 1.49 b 1.32 0.1228 
   Egg shell 1.31 b/bc 

 
1.41 b/ab 

 
1.42 bc/a 1.27 c 0.0123 

 Organic 1.63 a/a 1.67 a/a 1.69 a/a 1.41 b 0.0005 
   Control 1.25 b 1.39 b 1.27 c 1.34 0.1839 

 P-value 0.0031 0.0056 0.0043 0.1911
Tissue K (%) Year 1 0.0047  BI CH CR SC P-value 
 June  PBPH 1.28 b 1.28 a 1.27 b 1.31 b 0.8241 
   Egg shell 1.26 b/ab 

 
1.19 b/c 1.24 b/bc 1.30 b/a 0.0160 

 Organic 1.60 a/a  1.31 a/b 1.52 a/a 1.53 a/a 0.0017 
   Control 1.25 b 1.17 b 1.31 b 1.21 b 0.2478 

 P-value 0.0001 0.0192 0.0015 0.0202
Tissue Ca (%) Year 1  0.0297  BI CH CR SC P-value 
 April  PBPH 0.98 b/b 1.09 a 0.98 b 1.17 b/a 0.0029 
   Egg shell 1.04 a/c 1.16 b 1.00 c 1.28 a/a 0.0005 
   Organic 0.81 d/c 

 
0.96 b 0.96 b 1.13 b/a 0.0021 

Control 0.92 c/c 1.07 b 0.94 c 1.30 a/a <.0001 
 P-value <.0001 0.1094 0.7633 0.0085

Tissue Ca (%) Year 2 0.0316 
 

 BI CH CR SC 
 

P-value 
April PBPH -- 0.99 b  0.86 -- 0.0842

   Egg shell -- 1.14 a/a 0.86 b -- 0.0072 
 Organic
 

-- 0.99 b 0.86 -- 0.0714
Control -- 0.95 b 0.92 -- 0.5492

 P-value -- 0.0166 0.4965 --
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Appendix B continued. 
Tissue Mg (%) Year 1 0.0125  BI CH CR SC P-value 
 April  PBPH 0.40 a 0.35 bc 0.35 b/c   

   
   
       

        
         

         
        

     
   

       
     

     

      
       

     
         

          

          
         

        

0.38 ab/ab 0.0076
   Egg shell 0.41 a 0.32 c 

 
0.35 b/bc 0.36 b/b 0.0010 

 Organic
 

0.39 0.36 0.41 a 0.40 a 0.1272 
Control 0.41 a  0.35 bc  0.34 b/c 0.38 ab/ab 0.0053 

 P-value 0.5616 0.2323 0.0006 0.0425  
Tissue  Mg (%) 
 

Year 1 0.0042  BI CH CR SC P-value 
June PBPH 0.22 0.26 0.23 0.24 0.1216

Egg shell 0.26 0.23 0.26 0.24 0.1294
   Organic 0.24 b 0.25 b 0.30 a 0.25 b 0.0007 

Control 0.23 0.24 0.25 0.24 0.5630
 P-value 0.0946 0.3745 0.0698 0.8594

Root roty Year 2 0.0189  BI CH CR SC P-value
November  PBPH -- 3.25 4.50 -- 0.3416

   Egg shell -- 1.75 b 7.00 a -- 0.0016 
   Organic -- 2.50 b 5.50 a -- 0.0240 
   Control -- 1.50 b 4.75 a -- 0.0065 

 P-value -- 0.1000 0.0579 --
Root rot Year 2 0.0095  BI CH CR SC P-value

March  PBPH -- 4.00 4.25 b -- 0.7177
   Egg shell -- 3.00 3.75 b -- 0.6612 
   Organic 

 
-- 1.75 b 6.75 a/a -- 0.0012 

Control -- 3.00 3.50 b -- 0.4950
 P-value -- 0.3004 0.0040 --

Root vigorx 

 
Year 1 0.0067  BI CH CR SC P-value

January PBPH 2.00 2.25 2.00 2.00 b 0.4363
Egg shell 2.00 2.00 2.00 2.00 b --

   Organic 2.00 b 2.75 a 3.00 a 2.75 a/a 0.0211 
Control 2.00 2.50 2.00 2.00 b 0.0877
P-value -- 0.1649 -- 0.0045
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Appendix B continued. 
Root vigor Year 2 0.0052  BI CH CR SC P-value 
 November  PBPH -- 2.25 a 2.00 b -- 0.3910 
   Egg shell -- 1.25 b/b 2.75 a/a -- 0.0138 
   Organic -- 2.00 a 3.00 a -- -- 
   Control -- 1.75 ab 2.75 a -- 0.0917 
        

     
    
      
      
      
        

     
     

      
      
        

  

      
      
        

    

      
      
        

        

 P-value
  

-- 0.0408 0.0045 --
Leaf area (cm3) Year 2 0.0288 BI CH CR SC P-value 

December  PBPH -- 582.75 694.61 a -- 0.2024
 Egg shell -- 547.61 385.28 c -- 0.1150
 Organic
 

-- 810.92 489.82 b -- 0.0711
Control -- 664.70 489.46 b -- 0.1228

 P-value
  

-- 0.2167 <.0001 --
Leaf area (cm2)
 

Year 2 0.0243 BI CH CR SC P-value 
March  PBPH -- 1031.60 1478.17 a -- 0.0945

   Egg shell -- 1410.36 a 778.91 b/b -- 0.0182 
 Organic
 

-- 1294.50 1043.75 b -- 0.3286
Control -- 1385.54 966.47 b -- 0.2659

 P-value -- 0.3722 0.0188 --
Leaf dry wt. (g) 
 

Year 2 0.0262  BI CH CR SC 
 

P-value 
December  PBPH -- 5.58 6.78 a -- 0.2122

   Egg shell -- 5.31 3.55 c -- 0.0795 
 Organic
 

-- 7.89 4.50 b -- 0.0656
Control -- 6.58 4.69 b -- 0.1405

 P-value -- 0.2591 <.0001 --
Leaf dry wt. (g) 
 

Year 2 0.0249  BI CH CR SC P-value 
March  PBPH -- 8.90 12.80 a -- 0.1010

   Egg shell -- 11.55 a 7.05 b/b -- 0.0162 
 Organic
 

-- 10.54 9.44 b -- 0.5203
Control -- 11.40 8.41 b -- 0.3100

 P-value -- 0.4682 0.0159 --
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Appendix B continued. 
Crown dry wt. (g) 
 

Year 2 0.0450  BI CH CR SC 
 

P-value 
December  

      
      
        

    

      
      
        

 PBPH -- 2.30 2.92 a -- 0.2359
   Egg shell -- 2.01 1.68 c -- 0.3039 

 Organic
 

-- 3.43 2.20 b -- 0.1154
Control -- 2.39 2.16 b -- 0.4356

 P-value -- 0.1176 0.0005 --
Veg. dry wt. (g)   
 

Year 2 0.0395  BI CH CR SC P-value 
March  PBPH -- 20.04 29.95 a -- 0.1579

   Egg shell -- 23.29 17.56 b -- 0.0602 
 Organic
 

-- 24.70 22.25 b -- 0.4944
Control -- 24.01 20.57 b -- 0.3568

 P-value -- 0.6244 0.0078 --
zTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).  When 
more than one letter occurs with a value, the first is for the compost treatment comparison and the second is for the cultivar 
comparison.   
yRoot rot was rated according to a modified Horsfall-Barrett scale (Table 1).   
xRoot vigor was rated on a scale of one, denoting a healthy root system, to five, denoting a dead root system.   
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Appendix C.  Leaf tissue nutrient content of strawberry cultivars Bish (BI; Year 1 only), Chandler (CH), Camarosa (CR), and Sweet 
Charlie (SC; Year 1 only).  All analyses were performed on leaf blade tissue, except for NO3

-, for which leaf petioles were used.   
    Year 1   Year 2 
Variable Cultivar 24 Mar.  14 Apr. 13 May  9 June   3 Mar. 4 Apr.  3 May 2 June 
N (%) BI 2.87 3.20 az 2.99 a       1.94 a  -- -- -- --
 CH 2.98 2.83 c 2.61 c 1.90 ab  2.43 2.73 2.11 a 1.63 b 
 CR 2.75 2.64 d 2.35 d 1.83 b  2.33 2.73 1.98 b 1.78 a 
 SC 2.86 3.05 b 2.73 b 1.97 a  -- -- -- -- 
 P-value          

          

          

1.33  1.56 b 1.79 a 1.48 1.55 a 
 SC 1.36 b 1.54 b 1.33 1.34  -- -- -- -- 
 P-value 0.0002 0.0023 <.0001y <.0001y  0.0382 0.0078 0.2736 0.0069 
Ca (%) BI 0.51 c 0.94 1.31 bc 0.48 b  -- -- -- -- 
 CH 0.66 a 1.07 1.41 a 0.68 a  0.73 1.02 1.48 a 0.87 
 CR 0.64 ab 0.97 1.23 c 0.74 a  0.69 0.87 1.21 b 0.90 
 SC 0.61 b 1.22 1.33 b 0.70 a  -- -- -- -- 
 P-value <.0001 <.0001y 0.0010 <.0001  0.1114 <.0001y <.0001 0.4674 
 
 
 
           

0.0090y <.0001 <.0001 0.0290 0.2682 0.9485 0.0097 0.0008
NO3

-
 (ppm) BI 883 ab 3033 ab 2189 a 518 b  -- -- -- -- 

 CH 786 b 2785 b 1164 b 313 c  933 683 574 284 
 CR 788 b 1889 c 709 c 197 d  962 647 559 286 
 SC 969 a 3476 a 1450 b 738 a  -- -- -- -- 
 P-value 0.0433x <.0001 <.0001x <.0001x 0.5087 0.4426 0.3848 0.8492
P (%) BI 0.35 b 0.33 b 0.27 b 0.28 a  -- -- -- -- 
 CH 0.39 a 0.36 a 0.30 a 0.28 a  0.51 a 0.30 a 0.34 a 0.36 
 CR 0.30 c 0.32 b 0.26 b 0.27 b  0.35 b 0.27 b 0.29 b 0.36 
 SC 0.32 c 0.33 b 0.30 a 0.27 b  -- -- -- -- 
 P-value <.0001 <.0001 <.0001 0.0134 <.0001 0.0033 0.0028 0.9171
K (%) BI 1.50 a 1.62 a 1.38 1.35 

1.24 
 
 

-- 
1.69 a 

-- 
1.69 b 

-- 
1.52 

-- 
1.44 b  

 
CH 
CR 

1.53 a 
1.50 a 

1.66 a 
1.69 a 

1.47 
1.47 
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Appendix C continued. 
Mg (%) BI 0.32 ab 0.40 0.43 a 0.24  -- -- -- -- 
 CH 0.33 ab 0.35 0.35 bc 0.24  0.34 0.31 0.31 b 0.23 b 
 CR 0.33 a 0.36 0.36 b 0.26  0.36 0.31 0.33 a 0.26 a 
 SC 0.31 b 0.38 0.34 c 0.24  -- -- -- -- 
 P-value 0.0305 <.0001y <.0001 0.0022y  0.1283 0.6851 0.0034 0.0012 
S (%) BI 0.15 bc 0.15 a 0.13 b 0.11 b  -- -- -- -- 
 CH 0.16 a 0.15 a 0.14 a 0.12 a  0.13 0.14 0.14 a 0.11 a 
 CR 0.15 ab 0.14 b 0.11 d 0.10 c  0.13 0.14 0.13 b 0.10 b 
 SC 0.14 c 0.15 a 0.12 c 0.10 c  -- -- -- -- 
 P-value <.0001 0.0043 <.0001 <.0001  0.1292 0.2028 0.0056 0.0009 
Fe (ppm) BI 37.7 b 57.3 66.6 43.1  -- -- -- -- 
 CH 38.4 b 55.1 64.0 43.0  74.2 64.3 a 54.9 55.2 
 CR 42.8 a 56.5 62.1 42.2  68.2 60.5 b 55.5 49.9 
 SC 39.8 ab 58.3 65.9 43.4  -- -- -- -- 
 P-value 0.0159 0.3578 0.0831 0.7578  0.0644 0.0442 0.6359 0.1759 
Mn (ppm) BI 110 117 137 ab 67.4 c  -- -- -- -- 
 CH 111 105 126 b 96.2 b  126 103 125 95.4 b 
 CR 114 122 149 a 133 a  142 113 145 127 a 
 SC 128 130 146 a 107 b  -- -- -- -- 
 P-value 0.1034 0.0727 0.0135 <.0001  0.1001 0.5492 0.0629 0.0492 
Zn (ppm) BI 24.5 b 26.3 b 25.2 b 33.2  -- -- -- -- 
 CH 31.1 a 30.8 a 32.1 a 40.7  37.0 24.0 26.6 20.6 b 
 CR 30.7 a 32.9 a 29.7 a 35.0  38.6 25.8 28.6 23.1 a 
 SC 32.3 a 33.1 a 35.1 a 44.6  -- -- -- -- 
 P-value <.0001 <.0001x 0.0013x 0.1875x  0.4082 0.1770x 0.0796 0.0083 
Cu (ppm) BI 6.1 6.7 a 8.8 5.6 ab  -- -- -- -- 
 CH 6.5 5.9 b 6.7 5.3 b  8.2 5.4 4.4 b 4.3 
 CR 6.2 6.1 b 7.0 6.1 a  9.1 5.6 5.5 a 4.5 
 SC 6.1 5.5 c 6.9 5.4 b  -- -- -- -- 
 P-value 0.1336 <.0001 0.3304x 0.0289  0.1145 0.0913 0.0015 0.3123 
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Appendix C continued. 
B (ppm) BI 52.0 a 49.8 a 37.0 a 27.7 b  -- -- -- -- 
 CH 38.4 c 35.6 c 30.9 c 28.8 ab  50.2 34.1 27.8 b 29.9 b 
 CR 37.4 c 37.6 c 33.8 b 29.6 a  47.5 34.9 30.7 a 32.9 a 
 SC 45.3 b 44.7 b 35.2 ab 30.1 a  -- -- -- -- 
 P-value <.0001 <.0001 <.0001x 0.0418  0.0715 0.3731 0.0016 0.0268 
Na (%) BI 0.02 0.02 0.02 0.02  -- -- -- -- 
 CH 0.02 0.02 0.02 0.02  0.02 0.02 0.02 0.02 
 CR 0.02 0.02 0.02 0.02  0.02 0.02 0.02 0.02 
 SC 0.02 0.03 0.02 0.02  -- -- -- -- 
 P-value 0.2631 0.4508 0.1067 0.3484  0.2563 0.2948 1.0000 0.3192 

zTreatments with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).     
yThere was a significant compost x cultivar interaction for this variable in this month, so separation of differences is not given for the 
compost main effect, even if P ≤ 0.05. 
xAnalysis of variance and separation of differences were performed on log10 transformed values for this variable in this month. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix D.  Strawberry plant growth data for cultivars Bish (BI), Chandler (CH), Camarosa (CR), and Sweet Charlie (SC) in Year 1. 
Variable Cultivar 13 Oct. 19 Nov. 4 Jan. 24 Feb. 14 Apr. 11 May 7 June 
Leaf area (cm2) BI 122.08 302.18 az 452.60 440.85 561.88 c 980.54 b 1289.94 b 
 CH 127.46 203.46 b 413.65 533.62 908.22 a 1339.86 ab 1702.90 ab 
 CR 108.95 221.34 b 423.16 559.48 779.89 ab 1621.93 a 1835.70 a 
 SC 113.49 232.77 b 396.51 423.32 700.31 bc 1272.03 ab 1854.14 a 
 P-value 0.6365 0.0016 0.7284 0.0931 0.0003 0.0257 0.0490 
Leaf dry wt (g) BI 0.89 2.92 a 3.82 4.68 5.00 c 7.37 c 11.84 b 
 CH 0.95 1.96 b 3.15 5.16 7.87 a 10.32 bc 15.05 ab 
 CR 0.83 2.10 b 3.56 5.62 7.73 ab 13.22 a 18.19 a 
 SC 0.88 2.25 b 3.24 4.49 6.48 b 10.68 ab 18.61 a 
 P-value 0.8750 0.0039 0.3681 0.2742 0.0003 0.0044 0.0166 
Specific leaf area (cm2/g) BI 139.55 ab 104.09 118.65 b 96.72 ab 113.18 a 133.50 a 109.74 a 
 CH 146.12 a 106.34 131.86 a 104.32 a 116.54 a 129.34 b 113.65 a 
 CR 135.88 ab 106.76 119.34 b 100.32 a 102.26 b 122.34 b 101.79 b 
 SC 129.04 b 103.24 122.74 b 92.49 b 109.80 a 117.85 c 103.26 b 
 P-value 0.0468 0.5518y <.0001 0.0220 0.0026 <.0001 0.0026 
Crown dry wt (g) BI 0.19 0.94 a 2.83 a 3.77 3.99 5.09 4.58 
 CH 0.20 0.51 b 1.79 b 3.03 4.16 5.49 6.43 
 CR 0.16 0.58 b 1.78 b 3.22 3.48 6.16 5.73 
 SC 0.17 0.66 b 2.12 b 3.72 3.60 5.33 6.01 
 P-value 0.5539 0.0001 0.0006 0.2844 0.1365 0.2118 0.1339 
Root dry wt (g) BI 0.22 1.39 3.58 a 4.20 2.59 a  2.87 b 2.76 
 CH 0.21 1.01 2.15 b 3.50 2.36 ab 3.10 b 3.36 
 CR 0.25 1.10 2.70 b 3.82 2.73 a 3.80 a 3.26 
 SC 0.23 1.08 2.35 b 3.17 1.98 b 2.35 b 3.02 
 P-value 0.7189 0.0962 <.0001 0.1051 0.0120 0.0010 0.3966 
Total vegetative dry wt (g) BI 1.30 5.25 a 10.22 a 12.66 11.58 c 15.37 b 19.18 b 
 CH 1.37 3.41 b 7.09 b 11.69 14.39 a 19.12 b 24.84 ab 
 CR 1.24 3.78 b 8.04 b 12.81 13.94 ab 23.18 a 27.17 a 
 SC 1.29 3.99 b 7.71 b 11.37 12.06 bc 18.36 b 27.71 a 
 P-value 0.9380 0.0036 0.0108 0.5475 0.0283 0.0191 0.0296 
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Appendix D continued.         
Flower dry wt (g) BI -- -- 0.49 a 1.23 ab 3.58 a 2.25 1.84 
 CH -- -- 0.08 b 0.76 c 3.53 a 2.89 1.81 
 CR -- -- 0.33 a 0.87 bc 2.73 b 2.20 1.84 
 SC -- -- 0.43 a 1.41 a 1.94 c 1.77 1.99 
 P-value -- -- 0.0001 0.0094 <.0001 0.2135 0.8889 
Fruit dry wt (g) BI -- -- -- -- 2.99 b 19 22 
 CH -- -- -- -- 2.70 b 22 25 
 CR -- -- -- -- 2.60 b 23 27 
 SC -- -- -- -- 4.49 a  18 23 
 P-value -- -- -- -- 0.0038 0.0568 0.2367 

z Cultivars with the same letter are not statistically different per a protected least significant difference procedure (α = 0.05).       
y There was a significant compost x cultivar interaction for this variable in this month, so separation of differences is not given for the 
compost main effect, even if P ≤ 0.05. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix E.  Strawberry plant growth data for cultivars Chandler (CH) and Camarosa (CR) in Year 2. 
Variable Cultivar 6 Oct. 18 Nov. 29 Dec. 10 Feb. 29 Mar. 26 Apr. 25 May 
Leaf area (cm2) CH 131.73 419.30 651.49 687.47 1280.50 1654.76 1941.62 
 CR 87.71 350.52 514.79 537.17 1066.82 1417.21 1876.95 
 P-value 0.0151 0.0995 0.0088z 0.0139 0.0755z 0.0575 0.5849 
Leaf dry wt (g) CH 0.82 3.19 6.34 6.70 10.60 12.16 16.45 
 CR 0.60 2.70 4.88 5.24 9.42 10.27 16.52 
 P-value 0.0763 0.2496 0.0078z 0.0068 0.2001z 0.0178 0.9372 
Specific leaf area (cm2/g) CH 169.23 133.90 103.20 102.87 120.23 135.16 117.33 
 CR 151.18 130.25 106.21 102.81 112.54 137.06 113.26 
 P-value 0.0224 0.4424 0.0569 0.9778 0.0151 0.5237 0.0367 
Crown dry wt (g) CH 0.25 0.93 2.53 4.59 6.16 7.74 9.68 
 CR 0.18 0.93 2.24 3.73 6.87 6.45 8.89 
 P-value 0.1448 0.9310 0.1601z 0.0157 0.2520 0.0317 0.1357 
Root dry wt (g) CH 0.10 0.85 4.13 6.39 6.25 4.20 4.28 
 CR 0.17 1.05 3.06 5.40 6.29 3.74 4.46 
 P-value 0.0084 0.0865 0.0027 0.0403 0.9620 0.1361 0.5993 
Total vegetative dry wt (g) CH 1.16 5.01 13.00 17.69 23.01 24.09 30.41 
 CR 0.94 4.67 9.91 14.37 22.60 20.46 29.87 
 P-value 0.2294 0.6445 0.0025 0.0082 0.8158z 0.0150 0.7393 
Flower dry wt (g) CH -- 0.00 0.00 0.14 4.80 4.11 2.29 
 CR -- 0.01 0.31 0.84 3.74 1.91 1.20 
 P-value -- 0.3370 0.0002 <.0001 0.0352 <.0001 -- 
Fruit dry wt (g) CH -- -- -- -- 1.12 20 29 
 CR -- -- -- -- 0.98 16 25 
 P-value -- -- -- -- 0.3692y 0.0170 0.1590 

zThere was a significant compost x cultivar interaction for this variable in this month. 
yAnalysis of variance and separation of differences were performed on log10 transformed values for this variable in this month. 

 84




