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Highbush blueberry (Vaccinium corymbosum L.) is adapted to soils with high 

organic matter and acidic pH.  Composts provide organic matter and nutrients for 

growing blueberry in mineral soils, but many composts are high in pH and soluble salts.  

Acidification with elemental sulfur (S
o
) can remedy high pH, but the process further 

increases compost salinity.  The objectives of this study were to: i) determine the effects 

of diverse composts on blueberry growth and nutrient uptake, ii) determine whether S
o
 

acidification can ameliorate the negative effects of high compost pH, and iii) develop and 

validate a simple titration method to determine pH buffering capacity of compost.  

In our first study, ten composts were evaluated under greenhouse conditions with 

one-year-old blueberry.  Each compost was either acidified or not with S
o
 and then mixed 

30% by volume with silt loam soil before planting.  Controls were sawdust incorporation 

or soil only.  Plants were managed with a low rate of fertilization to emphasize compost 

effects on nutrient supply.  Compost inorganic nitrogen (N) ranged from 0.1 to 4.1 g∙kg
-1

, 

and NO3-N to NH4-N ratios were greater than 20:1.  Aboveground plant growth and 



nutrient uptake, including N, phosphorous (P), potassium (K), and boron (B) were higher 

in soil with compost than in soil with sawdust or soil only.  Composts with pH < 7.5 

produced more shoot growth than those with higher pH, and composts with EC > 2 dS∙m
-

1
 produced less root growth than those with lower EC. Adding S

o
 reduced compost pH by 

an average of 1.9 units, and acidification increased shoot and root growth in the composts 

as well as uptake of many nutrients.  Plant growth and N uptake were not correlated with 

compost N supply. Composts with greater amounts of plant-based feedstocks produced 

more total shoot growth than manure-based composts.   

In our second study, 3.7 L blueberry transplants were grown outdoors for 119 d 

in pots containing compost and soil.  Manure feedstocks included separated dairy solids 

or horse stall cleanings.   Plant feedstocks included urban yard trimmings, leaves from 

street sweeping, conifer bark conditioned with municipal biosolids, or peppermint 

distillation residue.  Control treatments were sawdust amendment or soil only.  Plant-

based compost treatments had less effect on soil pH and produced 20% greater plant 

growth than manure-based compost treatments.  Plant growth was not different with 

plant-based composts vs. the sawdust amendment control.   Elemental S addition at 

potting did not acidify soil enough to overcome the increase in pH resulting from 

compost addition.   

In our third study, we titrated eight composts with dilute H2SO4 to predict 

response to S
o
 acidification.  Our objective was to develop and validate a simple method 

to determine the pH buffering capacity of compost.  Compost pH decreased linearly with 

laboratory acid addition.  Compost pH buffering capacity (linear slope of titration curve) 

was 0.16 to 0.39 mol H
+
 per kg dry compost per pH unit.  To determine correlation 

between titration and S
o
 acidification, composts samples were incubated with S

o
 at 22° C 

for 70 d.  The majority of the decrease in pH from S
o
 addition occurred within 28 d.  

Compost pH at 28 d was closely predicted by the laboratory titration.  Because of the 



linearity of compost response to acid addition, a 2-point titration method (one rate of acid 

addition) is an effective alternative to the 7-point method we used.   

We conclude that compost pH is the primary limiting factor affecting blueberry 

response to compost.  Compost incorporation provided benefit to blueberry, especially 

under low N management, and generally increased plant growth and nutrient uptake 

when compared with plants grown in mineral soil only. Composts made from plant-based 

feedstocks, rather than manure-based feedstocks, tend to have characteristics which favor 

blueberry growth, including low buffering capacity, pH, and soluble salts.  Feedstocks 

which showed promise include deciduous leaves, yard debris, bark, and horse bedding 

with low manure content.  Acidification of composts with S
o
 increased plant growth and 

nutrient uptake, and is a promising technology for eliminating the negative effects of high 

compost pH.  Our method of laboratory titration with dilute acid addition was effective in 

determining pH buffering capacity of compost, and predicted the compost acidification 

by S
o
 and the effect of compost on soil pH.  
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General Introduction 

Blueberry production worldwide increased 30% between 1996 and 2006, 

tracking an increase in consumer demand (Strik and Yarborough, 2005).  Fresh fruit 

production in the Pacific Northwest is dominated by the northern highbush blueberry 

(Vaccinium corymbosum L.).   Acidic organic materials such as pine bark or coniferous 

sawdust are usually mixed in the soil prior to planting blueberry and are often applied as 

surface mulch as well (Strik et al., 1993).  However, due to increasing competition for 

these products by other industries, bark and sawdust are becoming less available for 

blueberry production and more expensive for growers to apply (Strik et al., 2009).  The 

immobilization of N caused by the biological decomposition of sawdust can be a difficult 

problem for growers to overcome, especially in organic systems where fertilizer N 

availability is often lower than in conventional fertilizers.  Composts may provide an 

alternative source of organic matter for blueberry and can be produced from local organic 

byproducts for little or no expense.  Municipalities, for example, create and distribute 

composts made from yard debris, leaf litter, and food waste.    However, composts are 

often alkaline in pH and can be high in soluble salts.  Acidification of composts with 

elemental S reduces compost pH, but also increases soluble salts.  To assess the response 

of blueberry to composts we conducted two growth trials with potted plants in soil 

amended with composts made from a range of local feedstocks, with and without 

elemental S acidification.  We also developed a laboratory method to predict the response 

of compost to elemental S addition. 

 

Blueberry Adaptations 

Highbush blueberry is an ericaceous plant adapted to well-drained soils that are 

high in organic matter, with a preferred soil pH range of 4.5-5.5 (Haynes and Swift, 

1986; Gough, 1994).  It is shallow rooted, mostly in the upper 25cm, with fibrous roots 
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less than 1 mm in diameter (Gough, 1980; Valuenzuela-Estrada et al., 2008).  Blueberry 

roots are devoid of hairs and are associated with ericoid myccorhizae.  These myccorhizal 

associations help the plant thrive in low nutrient acidic soils increasing nutrient 

exploration and uptake, including mobilization of organic nutrients (Goulart et al., 1995; 

Cairney and Meharg, 2003).   

 

Blueberry Cultural Practices 

Cultivated blueberry is often grown with a mulch and/or pre-plant incorporation 

of organic material.  Commonly used mulches include bark and acidic coniferous 

sawdust.  Studies of the effect of mulch show an almost universal increase in plant 

growth (Haynes and Swift, 1986; Patten et al., 1988; White, 2006).  Mulching increases 

root growth, with the majority of the roots found in the upper 15cm of soil near the soil-

mulch interface (Gough, 1980; Spiers, 1986).   Sawdust incorporation has been found to 

increase (Peterson et al., 1988; Goulart et al., 1995) or decrease (White, 2006) plant 

growth.  The differences in the findings of these studies are most likely due to whether 

the addition of sawdust improved the initial soil pH and physical properties, as well as the 

extent of nutrient immobilization.   

In Oregon, sawdust is becoming less available, and can be a considerable 

expense in blueberry establishment (Strik et al., 2009).  The biological decomposition of 

high C materials like sawdust can cause immobilization of soil nutrients, especially 

decreasing plant-available inorganic N (White, 2006; Myrold and Bottomley, 2008).   

Compost addition could provide an increase in beneficial organic matter without nutrient 

immobilization, providing lower soil bulk density, higher water-holding capacity, and 

increased nutrient supply for the plant.   
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Blueberry Nutrient Management 

             Fertilizer N recommendations for blueberry are low relative to other fruit crops.  

Recommendations range from 20-140 kg N∙ha
-1

, but can vary greatly with soil fertility 

and cultural practices such as the use of high C amendments (Eck, 1988; Hanson 2006).  

High rates of N fertilization can reduce blueberry growth and yield (Eck, 1977).  

Recently, no difference was found in the dry weights of highbush blueberry fertilized 

with 22, 68, or 114 kg N∙ha
-1

 in years 1 and 2 of establishment on Willamette silt loam 

soil (White, 2006).  The current recommendations for establishment in Oregon are 17 

g∙plant
-1

 in year 1 and 20 g∙plant
-1 

in year 2, assuming incorporation and mulching with 

sawdust and 106 kg N∙ha
-1 

incorporated prior to planting.   

            Blueberry generally have been thought to prefer the NH4
+
 form of N, which is the 

dominant form in acidic forest soils (Eck, 1988; Korcak, 1988; Hanson, 2006).  Many 

studies have found that plants fertilized with NH4
+ 

have greater growth than those 

fertilized with NO3
- 
(Townsend, 1967; Peterson et al., 1988).  However, these studies 

were confounded by the rhizosphere pH decrease associated with NH4
+
 uptake, and pH 

increase with NO3
- 
uptake. Other studies which utilized methods to fix rhizosphere pH 

found no plant growth differences in regard to N form (Hammett and Ballinger, 1972; 

Rosen et al., 1990).  This indicates that pH is a major factor affecting blueberry N uptake.  

 

Compost Characteristics 

Composting is defined by the United Nations Environment Programme as, “the 

biological decomposition of biodegradable solid waste under controlled predominantly 

aerobic conditions to a state that is sufficiently stable for nuisance-free storage and 

handling and is satisfactorily matured for safe use in agriculture” (2005).  Compost is the 

stable organic substance which results from composting.  The composting process usually 
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involves four phases: i) feedstock pre-processing and blending, ii) active composting, iii) 

curing, and iv) post-processing (Paul, 2009).  Moisture and aeration are typically 

managed during the active phase to favor thermophillic microorganisms which maximize 

decomposition while limiting odors, and produce high temperatures which kill weed 

seeds and pathogens.  Depending on the initial feedstocks, method of composting, and 

curing time, composts can vary significantly in their nutrient content, physical properties, 

and chemical characteristics (Sullivan and Miller, 2001).  “Mature” composts, defined as 

composts that are ready for use in horticultural systems, are characterized by an earthy, 

soil-like odor, a C:N ratio of less than 20:1, and a high NH4-N:NO3-N ratio (Sullivan and 

Miller, 2001).   

Composts are typically neutral or alkaline in pH, and can be high in soluble salts.  

The majority of compost N is in organic forms.  The mineralization of organic N into 

plant-available inorganic N is a biological process controlled by the form of organic N, 

C:N ratio, pH, temperature, and moisture.  Compost N mineralization rates typically 

range between 5 and 15% of total N∙year
-1

 (Sikora and Szmidt, 2001).   Between 20-40% 

of compost P is plant-available, while plant-available K can be greater than 85% of total 

compost K (He et al., 2001).    

 

Compost Use in Blueberry Production 

Some growers in Oregon are currently using composts in their blueberry 

production systems.  Woody composts are being used by some growers as a sawdust 

replacement or supplement, while other growers are using high-nutrient composts to 

increase soil nutrient content and biological properties.   Anecdotal reports from these 

growers include decreased soil compaction and increased soil infiltration, decreased need 

for N fertilizer, and decreased diseases and pests (Costello, 2009).  However, there have 
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also been reports of higher weed growth and greater herbicide use.  Other growers are 

hesitant to use composts in their production systems because of potential risks to plants 

(Costello, personal experience).    

  In order to compare production systems, an organic highbush blueberry systems 

trial was initiated in 2007 at the Oregon State University North Willamette Research and 

Extension Center in Aurora, OR (Larco et al., 2011).  The experiment compared two 

cultivars grown on raised or flat beds; mulched with sawdust, geotextile weedmat, or 

yard debris compost under sawdust; and fertilized with feather meal or liquid fish 

emulsion.  After two years, compost increased soil organic matter (0-20 cm) by 9 g•kg
-1

 

vs. weedmat, while sawdust mulch did not increase soil OM.   The compost treatment 

maintained soil pH in the optimum range for blueberry, preventing soil acidification.  

Relative berry yields were 100% for weedmat, 90% for sawdust + compost, and 70% for 

sawdust mulch in the first berry production year.  The positive effects of compost on 

berry yield were observed across both cultivars, flat or raised beds, and both organic 

fertilizer sources.  The compost under sawdust treatment increased soil extractable 

nutrient content (except Mn) and soil pH, and also increased weed growth and the 

expense and time spent on weed management (Larco, 2010). 

Other studies have found compost benefit to blueberry.  Black and Zimmerman 

(2002) compared highbush blueberry grown in pots with various amounts of coal ash, 

biosolids, municipal leaf compost, and clay loam soil and found that coal ash and 

compost mixed with soil produced more plant growth and higher yields than soil alone.  

Warman et al. (2009) examined repeated applications of municipal yard debris compost 

to cultivated lowbush blueberry (Vaccinium angustifolium Ait.) fields on acidic sandy 

loam soils in Nova Scotia and found that compost application significantly increased soil 

pH and extractable P, K and Ca.  Plants grown in compost-amended soil had lower fruit 
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Mn concentration than the controls, but no difference in yield.  Burkhard et al. (2008) 

found that surface applied manure-sawdust compost and seafood waste compost applied 

to highbush blueberry fields increased soil extractable N and leaf N.  However, the 

composts also increased weed germination, biomass, and weed N offtake, which resulted 

in lower plant growth and yield.  

 

Compost Use in Other Horticultural Production 

Composts also have been found to be beneficial in other perennial horticultural 

systems.   Pinamonti (1998) found that sewage sludge and municipal waste compost 

applied to wine grapes reduced soil temperature fluctutations and increased soil moisture.   

Compost application also increased leaf K concentration, but decreased Ca, and Mg 

concentration.  In strawberries, Wang and Lin (2002) found that incorporating high 

amounts of agricultural waste compost significantly increased plant growth and fruit size 

and also increased fruit N, P,  organic acids, and sugars.  Black and Swartz (2003) found 

that a pre-plant incorporation of compost increased raspberry growth and survival in a 

study examining methods for the prevention of root rot.  This finding concurs with a 

range of studies in horticultural and agronomic crops showing that the addition of 

composts and organic residues produced disease and pest suppression, increasing plant 

health (Litterick et al., 2004; Scheuerell et al., 2005).  Composted mulches have been 

shown to increase soil microfauna, which could lead to increaseed myccorhizal 

associations which are beneficial for blueberry (Forge et al., 2003). 

 

pH Buffering Capacity of Compost and Response to Acidification 

The response of compost to acidification is dependent on pH buffering capacity, 

defined here as the resistance of compost to pH change, or the amount of H
+
 required to 
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decrease compost pH by one unit.  The pH buffering capacity of soil has been the subject 

of extensive research, as soil acidification response and lime requirement is a critical 

component of agricultural management (Van Breeman et al., 1983; Lui et al., 2004).   

The organic fraction in soils has been found to be much more pH buffered than the 

mineral fraction (Curtin et al., 1996; Curtin and Rostad, 1997).   

Less is known about the pH buffering capacity of organic materials.  To predict 

the effects of acid rain, James and Riha (1986) determined the pH buffering capacity of 

organic forest surface horizons by titration with dilute HNO3.  Wong et al. (1998) 

reported that the compost liming effect on soil pH could be predicted by the “Proton 

Consumption Capacity,” i.e., the quantity of hydrogen ions (H
+
) consumed by the 

compost in a laboratory titration test to a target pH with dilute H2SO4.   

A method of predicting the compost response to elemental S addition is needed, 

in order to know the rate of S addition required to achieve a desired pH.  Garcia de la 

Fuente (2007), and Carrion et al. (2008), using methods developed by Martinez et al 

(1988), used laboratory titrations of calcareous composts with dilute FeSO4 to predict 

response to S
o
.  Garcia de la Fuente (2007) used a linear regression of compost titration 

response to predict the pH of three composts after incubation with single rate of S
o
 for 

70-d.  He found that the titration prediction overestimated the actual compost pH 

measured after acidifying amendment addition by 3:2 (e.g., when predicted pH decrease 

was 1.5 units, the actual pH decrease was 1 unit).   Carrion et al. (2008) used an 

exponential regression of H
+
 added vs. compost pH to predict the pH response of three 

composts after incubation with S
o
 at 4 rates for 70-d.  The titration prediction 

overestimated actual compost pH achieved with S addition by 2:1.  The discrepancy 

between predicted pH (via acid titration) and actual pH achieved (with S
o
 or other 

acidifying agent) could have been caused by incomplete oxidation of S
o
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added.  Oxidation of S
o
 is a biological process which is affected by temperature, 

moisture, oxygen availability, and particle surface area (Germida and Janzen, 1993).  

Although acidification of composts with S
o
 could remedy high compost pH, the 

byproduct of S oxidation is SO4
2-

, which also increases compost salinity (Garcia de la 

Fuente et al., 2007).  Highbush blueberry generally is considered sensitive to electrical 

conductivity (EC) >1.5-2.0 dS·m
-1

 (Patten et al., 1988; Bryla and Machado, 2011).   

 

Research Objectives 

The objectives of this study were to: i) determine the effects of a variety of 

composts on blueberry growth and nutrient uptake, ii) determine whether S
o
 acidification 

can ameliorate the negative effects of high compost pH, and iii) develop a simple titration 

method to determine pH buffering capacity of compost and predict response to S
o
.  
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Abstract 

Highbush blueberry (Vaccinium corymbosum L.) is adapted to well drained, 

acidic, and high organic matter soils.  Applying compost to mineral soil increases organic 

matter and provides nutrients for growing blueberry.  However many composts are high 

in pH and soluble salts.  Acidifying compost with elemental sulfur (S
o
) can remedy high 

pH, but it also increases salinity.  Ten composts made from local organic by-products, 

including grass hulls, mint hay, chipped leaves, yard debris, decomposed bark, horse 

manure and separated dairy solids, were evaluated in a 78-d growth trial under controlled 

greenhouse conditions with one-year-old ‘Duke’ blueberry.  The objective was to 

determine the effects of compost on plant growth and nutrient uptake under low N 

management.  Composts were either acidified or not with S
o
 for 70 d and then mixed 

30% by volume with silt loam soil before planting.  Controls were sawdust incorporation 

and soil only.  Plants were managed with a low rate of fertilization to emphasize compost 

effects on nutrient supply.  Compost inorganic nitrogen ranged from 0.1 to 4.1 g∙kg
-1

, and 

NO3-N to NH4-N ratios were greater than 20:1.  Without S
o
, compost pH ranged from 

5.4-8.1 while salinity, measured as electrical conductivity (EC), ranged from 0.4-5.0 

dS∙m
-1

.  Adding S
o
 reduced compost pH by an average of 1.9 units.  Aboveground plant 

growth and nutrient uptake, including N, P, K, and B were higher in soil with compost 

than in soil with sawdust or soil only.  Composts with pH < 7.5 produced more shoot 

growth than those with higher pH, and composts with EC > 2 dS·m
-1

 produced less root 

growth than those with lower EC.  Acidification increased shoot and root growth in the 

composts as well as uptake of many nutrients.  Plant growth and N uptake were not 

correlated with compost N supply.  Composts with greater amounts of plant-based 

material produced more total shoot growth than manure-based composts.  Thus, despite 

the increase in EC, adding S
o
 to compost was largely beneficial to blueberry.   
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Introduction 

Northern highbush blueberry (Vaccinium corymbosum L.) is adapted to well-

drained, acidic soils with high organic matter content (Gough, 1994; Haynes and Swift, 

1986).  Acidic organic materials such as coniferous sawdust or pine bark are therefore 

usually mixed in soil prior to planting blueberry and are often applied as surface mulch as 

well (Strik et al., 1993).  However, due to increasing competition for these products by 

other industries, bark and sawdust are becoming less available for blueberry production 

and more expensive for growers to apply (Strik et al., 2009).  Composts may provide an 

alternative source of organic matter for blueberry and can be produced from local organic 

byproducts for little or no expense.  Municipalities, for example, create and distribute 

composts made from yard debris, leaf litter, food waste, and wastewater treatment 

byproduct (“biosolids”) feedstocks.   

Compost previously has been shown to increase blueberry growth and nutrient 

uptake.  Black and Zimmerman (2002) compared highbush blueberry grown in pots with 

various amounts of coal ash, biosolids, municipal leaf compost, and clay loam soil.  Coal 

ash and compost pH was acidified with elemental S prior to incorporation and planting.  

Plants grown in coal ash and compost mixed with soil produced more growth and higher 

yields than soil alone.  Warman et al. (2009) examined repeated applications of municipal 

yard debris compost to cultivated lowbush blueberry (Vaccinium angustifolium Ait.) 

fields on acidic sandy loam soils in Nova Scotia and found that compost application 

increased soil pH and extractable P, K and Ca.  Plants grown in compost-amended soil 

had lower fruit Mn concentration than controls, but the same yield.  Burkhard et al. 

(2008) found that surface-applied manure-sawdust compost and seafood waste compost 

application to highbush blueberry increased soil inorganic N and leaf N.  However, the 
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composts also increased weed germination, biomass, and weed N uptake, resulting in 

reduced blueberry growth and yield.  

 In order to compare organic blueberry production systems, a trial was initiated in 

2007 at the Oregon State University North Willamette Research and Extension Center in 

Aurora, OR (Larco et al., 2011).  The experiment compared two cultivars grown on 

raised or flat beds; mulched with sawdust, geotextile weedmat, or yard debris compost 

under sawdust; and fertilized with ground feather meal or liquid fish emulsion.  After two 

years, compost increased soil organic matter (0-20 cm) by 9 g•kg
-1

 vs. weedmat, while 

sawdust mulch did not increase soil OM.   The compost treatment maintained soil pH in 

the optimum range for blueberry, preventing soil acidification.  Relative berry yields 

were 100% for weedmat, 90% for sawdust + compost, and 70% for sawdust mulch in the 

first berry production year.  The positive effects of compost on berry yield were observed 

across both cultivars, flat or raised beds, and both organic fertilizer sources. 

Composts vary considerably in physical and chemical properties, depending on 

the feedstocks, curing time, and composting methods (Sullivan and Miller, 2001).  

“Mature” composts ready for horticultural use are characterized by an earthy, soil-like 

odor and usually have a carbon:nitrogen (C:N) ratio of less than 20:1.  They typically 

contain more nitrate-N (NO3-N) than ammonium-N (NH4-N), with most of compost N in 

organic form.  Compost N mineralization, or the biological conversion of organic N to 

inorganic (plant-available) N, normally ranges between 5% and 15% of the total N per 

year (Sikora and Szmidt, 2001).  Between 20-40% of compost P is considered plant-

available, while plant-available K can be greater than 85% of total compost K (He et al., 

2001).    

Composts are usually neutral or alkaline in pH and may contain high amounts of 

soluble salts.  Highbush blueberry is generally considered sensitive to electrical 



19 
 

 

conductivity (EC) >1.5-2.0 dS·m
-1

 (Patten  and Neuendorff, 1988; Bryla and Machado, 

2011).  Acidification of composts with elemental S can remedy high pH, but the 

byproduct of the process is SO4
2-

, which increases compost salinity (Garcia de la Fuente 

et al., 2007).  Wong et al. (1998) reported that the ability of compost to increase soil pH 

could be predicted by the “Proton Consumption Capacity,” i.e., the total amount of 

hydrogen ions (H
+
) consumed by the compost in a laboratory titration test to a target pH.  

Garcia de la Fuente et al. (2007) found that titration of high pH composts with iron 

sulfate (FeSO4) was correlated with compost response to elemental S addition after a 70-

d incubation period.  Factors controlling biological oxidation of elemental S include 

temperature, moisture, oxygen availability, and particle surface area (Germida and 

Janzen, 1993). 

The objective of the present study was to determine the effects of sulfur-acidified 

vs. non-acidified composts on plant growth and nutrient uptake in highbush blueberry.  A 

wide range of composts were evaluated, including five plant-based composts produced 

from grass hulls, mint hay, chipped leaves, yard debris, and decomposed bark; two 

animal-based composts produced from horse manure and separated dairy solids; and 

three mixed compost products. Fertilizer application was minimized in this study to 

assess differences in the plant nutrient supply of composts.   

 

Materials and Methods 

Compost production and feedstocks.  Ten composts, which were made from a 

variety of local organic byproducts, were obtained in October and November 2009 (Table 

1.1).  Composts were produced from a variety of composting methods, from static pile to 

frequent turning, and were well-cured.  The dairy:hops compost was made at the Oregon 

State University North Willamette Research and Extension Center (OSU-NWREC) in 
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Aurora, OR.  The compost feedstocks were separated dairy solids recovered from a 

mechanical manure separator and spent hops obtained from a brewery after fermentation.  

The horse:hay:hops compost was also made at the OSU-NWREC.  The compost 

feedstocks were fresh horse manure incorporated with pelletized sawdust bedding, grass 

hay spoiled by rain exposure, and spent hops.  The manure compost was made on a 

blueberry farm in Corvallis, OR, from a variety of local feedstocks, including rabbit 

manure, grass hay, and grass seed hulls.  The grass:mint compost was made on a grass 

seed farm in Monroe, OR, from grass seed hulls (collected after seed processing) and  

peppermint hay (the plant residue remaining after steam distillation of peppermint oil).   

The mint compost was made on the same seed farm in Monroe, OR, from peppermint 

hay.  The horse compost was made at a horse stable in Oregon City, OR, from horse 

manure with pelletized sawdust bedding.  The leaf compost was made by the city of 

Portland (Bureau of Transportation), OR, from leaves collected from the city streets.  The 

yard debris compost was made by Allied Waste Services in Corvallis, OR, using 100% 

chipped yard debris.  The bark compost was produced from  a mix of 60% aged conifer 

bark, 20% fine softwood sawdust, and 20% USEPA Class A dewatered municipal 

biosolids, and was marketed as Tagro Potting Soil by the city of Tacoma, WA.  It was 

composted in large windrows with mechanized turning.   All composts in this trial would 

be eligible for certification under USDA NOP (National Organic Program) rules except 

for the bark compost (municipal biosolids is not an allowable feedstock under NOP 

rules).   The bark compost was included in this trial because it is the only compost we 

know of that has acidic pH and low soluble salts. 

To predict compost response to elemental sulfur (S
o
) addition, the composts were 

titrated with dilute H2SO4 at 6 rates (0.3 to 2 mol H
+
 per kg of compost-C).  Five grams 

of compost was titrated in a 1:10 ratio of compost:liquid (w/w), and pH and electrical 
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conductivity (EC) were measured after 72 h.  Based on the prediction, S
o 
was added to the 

composts in the amount determined by the titration to acidify the average compost pH by 

2.5 units, which equaled 32 g of S
o
 (or 2 mol H

+
) per kg of compost-C.  The S

o
 product 

(Tiger 90 CR, Alberta, CAN, 0-0-0-90) was finely ground by hand with a mortar and 

pestle prior to mixing. Water was added during mixing until the composts were moist by 

feel, an average of 550 g∙kg
-1

 gravimetric moisture content (w/w).  The composts were 

then incubated at 22°C in 4 L plastic containers and analyzed at 70 d for pH and EC at 

1:10 compost:water (w/w). After incubation, composts were subsampled and analyzed for 

C and N at the Central Analytical Laboratory, Corvallis, OR (CAL) using a combustion 

analyzer (Model CN-2000, LECO Corporation, St. Joseph, MI), and  extracted with 1 M 

KCl and analyzed for nitrate-N (NO3-N) and ammonium-N (NH4-N) using a rapid flow 

analyzer (Alpkem Flow Solution III, OI Analytical College Station, TX; Dahnke, 1990).  

At the same laboratory, compost samples were analyzed for total nutrient content via dry 

ash method with ICP-OES (model 3000DV, PerkinElmer, Inc., Wellesley, MA) using 

methods described in section B-4.10 of Soil Plant and Water Reference Methods for the 

Western Region (Gavlak et al., 2003).  Compost soluble nutrients were determined at 

Brookside Laboratories, New Knoxville, OH, by saturated paste extraction.  

Approximately 200g of moist un-ground compost was saturated and water was extracted 

under vacuum using methods described in section S-1.00 of Soil Plant and Water 

Reference Methods for the Western Region (Gavlak et al., 2003).   

Compost respiration rate was determined using the alkaline trap method, adapted 

from Anderson (1982).   Compost was amended with moist (18% gravimetric moisture) 

Willamette silt loam soil at a rate of 10 g dry compost per kg dry soil and incubated at 

22°C in sealed 0.9 L Mason jars, in two replicates.  Carbon dioxide evolved was 

determined at 21 d by titration.  Less than half of the CO2 trap capacity was exhausted at 
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21 d.  Reported compost respiration was determined by subtracting the soil-only control 

CO2 from the compost CO2 evolved.   

Nitrogen mineralization or immobilization in soil was estimated by incorporating 

compost with moist (23% gravimetric moisture) Willamette silt loam soil at an 

approximate rate of 50 g dry compost compost per kg dry soil.  Samples were incubated 

in zippered 3.8-L polyethylene storage bags at 22°C, in three replicates.  At 30-d, 

samples were analyzed at CAL for NO3-N via automated colorimetric methods after 

extraction with 1 M KCl (Dahnke, 1990).    

 Compost dry bulk density was estimated using a compacting method to emulate 

compost normal compaction.  A 2.9 L plastic beaker was filled halfway with moist 

compost, tapped on the ground 3X from a height of 60 cm, filled to the top again, tapped 

3X from 60 cm, and then filled to the top and weighed.  Compost samples were then 

oven-dried at 70
o
C at water weight was subtracted to determine dry bulk density. 

Plant response to composts.  A study to determine the response of highbush 

blueberry to the composts was conducted in a glasshouse located at the Oregon State 

University in Corvallis, OR.  One-year-old plants of ‘Duke’ blueberry were obtained in 

50-cell flats (5 cm
2
 cells) from a commercial nursery (Fall Creek, Lowell, OR) and 

transplanted into 2.4-L pots (15.2 cm diam. x 12.4 cm deep) on 17 Feb. 2010.  Nursery 

media, which contained peat and pine bark, was not removed from the plants during 

transplanting to limit root damage.  Pots were filled with soil amended with compost or 

sawdust, or soil only, with or without S
o
 acidification (i.e., 12 soil treatments x 2 S 

treatments).  Each mix contained 60% moist Willamette silt loam soil, 30% moist 

compost or sawdust, and 10% pumice for drainage (6:3:1 by volume).  Pumice (10%) 

also was added to the soil only treatment (1:9 by volume).  Initial pH of the soil was 5.4 

(1:2 soil:water) and soil C was 19 g∙kg
-1

 (combustion analysis, Gavalak et al., 2003).  
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Composts were acidified with S
o
, as described previously, 70-d prior to potting.  To 

approximate the average amount of S
o
 added to the pots with the acidified composts, S

o
 

also was added to the acidified sawdust and soil-only treatments at potting at a rate of 1.4 

g/pot.  Pots were arranged in the glasshouse in a randomized complete block design with 

five replicates per treatment.  Blocking was done to minimize variation in plant response 

due to variation in lighting and air movement. 

Air temperature in the glasshouse averaged 20°C during the experiment and 

reached a maximum of 33°C and a minimum of 13°C.  Supplemental lighting was 

provided by 1000-W high-pressure sodium lamps set to turn on at 0600 HR and turn off 

at 1800 HR.  Plants were watered by hand three times per week with 200 mL of water 

and fertigated every 14 d, starting on day 7, with 100 mL of 30N–4P–8K fertilizer 

solution (Miracle-Gro Water Soluble Azalea, Camellia, Rhododendron Plant Food, 

Marysville, OH).  The fertilizer contained 3% NH4-N and 27% Urea-N, fertilizer salts 

included (NH2)2CO, K(H2PO4), and KCl.  A total of 70 mg of N was applied per plant
 

over the course of the study. 

Pour-through leachate was collected and analyzed for pH and EC at 10 and 50 d 

after transplanting (DAT) by pouring 150 mL through each pot at 1 h after the plants 

were watered.  Pots were weighed at 50 DAT to determine the container capacity at 1 h 

after watering.  Container capacity averaged 340 g∙kg
-1

 water content by volume and 

ranged from 310 g∙kg
-1

  in soil only to 380 g∙kg
-1

  in the soil mixed with 100% separated 

dairy solids.  The plants were harvested destructively at 78 DAT, partitioned into new 

stems, old stems (defined as stems present at transplanting), and leaves, oven-dried at 

70
o
C, and weighed.  Leaves and stems were analyzed for nutrient content at Brookside 

Laboratories, Inc. (New Knoxville, OH) in 2008.  Total leaf and stem N was determined 

by a combustion analyser using an induction furnace and a thermal conductivity detector 
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(Gavlak et al., 2003).  All other total leaf and stem nutrient concentrations were 

determined via inductively coupled plasma spectrophotometer (ICP) after wet ashing in 

nitric/perchloric acid (Gavlak et al., 2003).  Each plant was rated for root growth by 

measuring the average distance roots spread into the pots from the original root ball, 

where ‘1’ equaled 0-1 cm of new root growth, ‘2’ to ‘6’ equaled each additional cm of 

growth from 1-6 cm, respectively, and ‘7’ equaled > 6 cm of new growth (Fig. 1.1).  

Approximately 60 cm
3
 of soil was sampled from the middle of each pot and analyzed for 

pH and EC (1 soil : 2 water w/w).  Soil bulk density was estimated at harvest by 

weighing each pot after the shoot was removed, determining gravimetric soil water 

content, and subtracting the pot and water weight.  Bulk density averaged 0.94 g·cm
-3

 and 

was inversely correlated to container capacity (y = 0.54 -0.29*x; r
2 
= 0.73).   

Statistical analysis.  Data were analyzed by analysis of variance using Proc GLM 

(general linear model) with Statistical Analysis Software (SAS Institute, Cary, NC).  

Linear regression analysis was done using Sigmaplot v. 11.0 (SPSS, Chicago, IL).   

 

Results 

Compost analyses. Composts varied in inorganic N present at planting (Table 

1.1).  Most inorganic N supplied by the composts was in the form of NO3-N.  Among the 

composts, separated dairy solids had the highest amount of inorganic N at planting, with 

an estimated 0.74 g/pot, while yard debris had the least, with only 0.03 g/pot.  Each 

compost decomposed at a rate of < 1.5 mg CO2-C per g compost-C per day.  For most 

composts incorporated with soil in the N incubation experiment, the NO3-N at 30 d was 

approximately equal to the NO3-N in the compost at incorporation (Fig. 1.2).  However, 

the sawdust amendment immobilized 100% of all the available soil NO3-N in the sample, 

which was equivalent to 15 mg∙kg
-1

 dry soil.   These results, in conjunction with the low 
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C:N (< 21) and high NO3-N:NH4-N ratios, indicate that all composts evaluated in this 

trial were both mature and stable (Sullivan and Miller, 2001).  Therefore, inorganic N 

from compost was present at planting, but little additional inorganic N mineralization was 

expected from compost during the growth trial. The quantity of N provided by some 

composts was large compared with fertilizer N applied (0.07 g∙pot
-1

). 

Total K concentration of the composts (Table 1.1) was a relatively good predictor 

of the compost soluble K (Table 1.2).  The dairy and mint composts had the highest total 

K and soluble K.  However, the total Ca and Mg were not good predictors of compost Ca 

and Mg solubility, which tended to be more influenced by compost pH.  The composts 

with the greatest soluble Ca and Mg were the grass:mint, horse, and bark composts, all of 

which had an initial pH below 6.5. 

Compost acidification.  After 70 d of incubation, S
o
 reduced compost pH by an 

average of 1.9 units (Table 1.2).  In most cases, the pH was between 4.0 and 6.0 after S
o
 

acidification, which is considered an ideal pH range for blueberry; only yard debris and 

dairy composts had higher values.  In contrast, only two of the composts, the grass:mint 

mix and the composted bark, had a pH < 6 when no S
o
 was added, and most had a pH > 

7.  The laboratory determination of compost buffering capacity (Table 1.1) was a good 

predictor of compost response to elemental S addition (Table 1.2).  The pH of the least-

buffered mint compost decreased by 3 units, while the pH of the most-buffered dairy 

compost decreased by only 1 unit.   

Addition of S
o
 also increased EC in the composts, as expected, largely due to 

increased availability of soluble nutrients (Table 1.2).  Electrical conductivity was 1.3 

dS∙m
-1

 higher, on average, when S
o
 was added to the composts.  As expected, compost 

saturation extract of SO4-S, the byproduct of S
o
 oxidation, increased with compost S

o
 

addition.  Acidification also greatly increased the saturation extract concentration of Ca 
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and Mg (by approximately 250%), and P (187%).  The solubility of K, however, 

increased for some composts (mint, mixed manure, and horse:hay:hops) and remained 

relatively the same for others (dairy, bark, grass:mint, and horse).   

Compost pH and EC.  Compost pH and EC differed significantly among 

treatments and with the addition of S
o
 (Table 1.3).  The interaction of compost and S

o
 was 

significant for all pH and EC measurements except direct soil pH at 78 DAT.   Pour-

through leachate pH at 10 and 50 DAT were correlated to soil pH at 78 DAT.  Composts 

with high pH and high buffering capacity had the greatest effect of raising the native soil 

pH; mint, mixed manure, and dairy composts increased the soil pH by 0.5, 1.0, and 1.6 

pH units, respectively.  Elemental S acidification was effective in reducing soil pH at 78 

DAT to less than 5.5, except in the case of the highly buffered dairy compost.  Leachate 

pH was mostly stable between 10 and 50 DAT in compost treatments but decreased 

nearly 1 unit in soil-only with S and sawdust with S, due to S addition at potting.  

Leachate EC decreased by an average of 67% between 10 DAT and 50 DAT, perhaps due 

to plant nutrient uptake and nutrient leaching.   

Plant response to compost.  Shoot dry weight, including leaves and new and old 

stem tissue, and root growth differed significantly among composts, and all except old 

stem dry weight increased on average when S
o
 was added (Table 1.4).  There was also an 

interaction between compost and S on leaf and total shoot dry weight, which indicated 

that plant response to S
o
 differed among the compost treatments.  Elemental S added to 

the compost mixes increased shoot growth, especially in mint compost where pH dropped 

from 8.1 to 5.1 when S
o
 was added (Table 1.2), but had no effect when plants were grown 

with sawdust and a negative effect when plants were grown in soil only.  However, 

contrast analysis indicated that sawdust and, in many cases, the soil only control 
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produced more root growth than the composts  (Table 1.4).  By 78 DAT, roots in sawdust 

treatments nearly filled the pots.   

Among the composts, horse, bark, and all but one of the composts made from 

mostly plant-based feedstocks, including grass:mint, chipped leaves, and yard debris, 

produced the most total shoot growth, while mint without S
o
 and those made from dairy 

manure produced the least (Table 1.4).  Grass:mint and leaf composts also produced the 

most root growth, whereas mint and dairy manure had the least, producing only a few, 

dark-brown roots.  These latter two composts had both high pH and high EC (Table 1.2).    

Compost pH was negatively correlated with shoot dry weight, while compost EC 

was negatively correlated with root growth (Fig 1.3).   Contrast analysis indicated that 

composts with pH < 7.5 produced more shoot growth than those with higher pH, and 

those with EC >2.0 dS∙m
-1

 produced less root growth than those with EC < 2.0 dS∙m
-1

.   

Plant leaves broke bud by 6 DAT and emerged by 14 DAT.  At 30 DAT, one 

plant grown with mint compost and no S
o
 developed interveinal necrosis on the basal 

leaves.  The symptoms progressed to complete leaf necrosis over the next few days until 

the plant eventually died at 37 DAT.  Over the course of the experiment, the same 

symptoms and eventual plant death were observed in two more plants in mint compost 

and one plant grown with dairy compost and no S
o
.  Similar symptoms were observed in 

one plant grown with mint and S
o
, but in this case, the symptoms were less severe and the 

plant survived.  Plants grown with sawdust had small, reddish leaves and were stunted, a 

common symptom of N deficiency in blueberry (Caruso and Ramsdell, 1995).  Although 

leaves were not sampled according to recommended methods, with all leaves pooled for 

analysis at harvest, the sawdust leaf N concentration was very low at 7 g∙kg
-1

, in 

comparison with the recommended range of 17-20 g∙kg
-1

 (Hart et al., 2006).   
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Plant uptake (aboveground) of essential nutrients, including N, P, K, Ca, Mg, S, 

Fe, B, Cu, Mn, and Zn, differed among compost treatments (P < 0.01) and each nutrient 

except Cu was affected by S
o
 application (P < 0.05).  For many nutrients, the interaction 

between compost and S
o
 was also significant, including uptake of N, P, K, Mg, S, Fe, 

Mn, and Zn (P < 0.01).  Contrast analysis indicated that composts increased plant uptake 

of N, P, K and B compared with plants grown in soil only.    

Not surprisingly, nutrient uptake increased with shoot growth, and in most cases, 

the relationship between the two was significantly correlated (Fig. 1.4).  However, there 

were a few exceptions.  Mint compost without S
o
, for example, produced less growth 

than expected based on N uptake (Fig. 1.4A); and there were no apparent relationships 

between K or Mn uptake and growth, with or without S
o
 (Fig. 1.4C and J).  Likewise, Al 

uptake was also unrelated to growth (Fig. 1.4L).  Plant uptake of B was very high in 

plants grown in the leaf compost, which corresponded with high compost soluble B and 

total B (data not shown).  Plants grown in composts with S had much higher leaf S levels 

than those grown in composts without S.   

Compost pH was negatively correlated with the shoot P, Mg, and Mn (Fig. 1.5).   

Plant uptake of Mn increased markedly below pH 5.5.  Stem Mn content averaged nearly 

twice as much as leaf Mn content. Stem Mn content averaged 650 mg, ranging from 240 

mg to 1440 mg; leaf Mn averaged 390 mg, ranging from 130 to 1100 mg.   

Compost soluble K was positively correlated with leaf K concentration at harvest 

(Fig. 1.6).  Plants grown with mint compost had very high leaf K levels (36 g∙kg
-1

 with S, 

49 g∙kg
-1

 without S) relative to published nutrient standards (4-7 g∙kg
-1

; Hart et al., 2006).  

The leaf Mg and Ca concentrations were negatively correlated with compost soluble K.  

Relative to soil-only and sawdust treatments, addition of composts generally increased 

leaf K concentration and decreased leaf Mg and Ca concentration.   
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Plant aboveground N uptake was not correlated with compost inorganic N or 

total N but was correlated with compost initial pH (r
2
=0.28, regression not shown).  

Compost acidification generally increased total leaf N uptake.  Plant aboveground K 

content was positively correlated with aboveground N content (r
2
=0.65, regression not 

shown). 

Soil physical properties (bulk density, water-holding capacity) did not correlate 

with new shoot dry weight or root growth rating, and did not appear to play a significant 

role in influencing plant growth among the compost treatments.   

 

Discussion 

Even though these plants were managed under low N fertilization, we found that 

they were much more responsive to compost pH and soil pH than the N supply of the 

composts.  Composts with pH <7.5 produced more aboveground growth than those with 

pH>7.5, and the acidification of composts with S
o
 increased plant growth across all 

composts.   

When categorizing composts based on blueberry response, we found that 

composts containing higher amounts of plant material feedstocks produced greater plant 

growth than those containing manure feedstocks.  Plants grew well in the grass:mint, leaf, 

yard debris, bark, and horse composts.  The performance of yard debris compost in this 

trial agrees with the results of the organic systems trial at OSU-NWREC, where plants 

mulched with yard debris compost under sawdust produced higher berry yields than those 

grown under sawdust mulch only (Larco et al., 2011).  The yard debris compost utilized 

in the systems trial had a similar laboratory analysis (pH 7.3, total N 11 g∙kg-1, C:N ratio 

of 21) to the yard debris compost in this trial (pH 7.7, total N 13 g∙kg-1, C:N ratio of 17).   

The bark compost, which contained 20% municipal biosolids, was composed mostly of 
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acidic woody material, and also had low pH and EC. The horse compost, although 

containing horse manure, had high acidic sawdust bedding content as illustrated by the 

low initial pH and EC.  The mint compost was an exception to the trend of plant-based 

composts producing higher growth.  Although it was plant-based, the mint compost had 

high pH and EC and produced correspondingly low plant growth.  The manure-based 

composts (dairy, mixed manure) also had high pH and EC and produced correspondingly 

low plant growth. 

Compared with plants grown in the soil-only and sawdust treatments, 

incorporation of composts increased shoot growth.  This agrees with many studies that 

have shown that increasing soil organic matter increases blueberry growth.  The benefit 

of compost incorporation, in contrast with sawdust, is the increase in soil organic matter 

without the immobilization of available soil N.  Plants grown in soil-only and sawdust 

had higher root growth compared with plants grown in composts.  This is most likely due 

to an allocation of plant carbohydrates to the roots under conditions of low available N 

and P (Marschner et al., 1996), whereas plants grown in compost amended soil allocated 

more resources aboveground.    Plant root growth was correlated with compost EC.  

However, although acidification with S
o
 increased compost EC, it increased shoot and 

root growth across all compost treatments.  The most likely explanation for this 

phenomenon is that plant exposure to high EC levels was only temporary.  EC 

dramatically decreased between 10 DAT and 50 DAT; for example, the dairy with S
o
 

decreased from 4.8 to 1.4 mS∙cm
-1

.   

Compost acidification with elemental S increased plant growth across all 

composts evaluated and increased plant aboveground uptake of all nutrients except Cu.  

The positive effect of elemental S acidification on blueberry growth in situations of high 

soil or media pH that was demonstrated in this study has been shown in many studies 
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(Cummings et al., 1981; Haynes and Swift, 1986).  Except in the case of the dairy 

compost, acidification effectively reduced compost pH to the range favored by blueberry.   

Most non-acidified composts increased the soil pH as measured at 78 DAT.  The 

composts which had high intial pH and high pH buffering capacity in laboratory titration 

with dilute acid produced the greatest in native soil pH.  This agrees with the findings of 

Wong et al. (1998), who found that a laboratory titration with dilute acid predicted the 

liming effect of compost on soil.  Compost acidification with S
o
 mitigated the liming 

effects of the composts on the soil, except in the case of the highly buffered dairy 

compost.   

When compared with plants grown in soil only, compost incorporation increased 

the plant aboveground uptake of N, P, K and B (Fig. 1.4).  Burkhard et al. (2008) found 

that surface-applied manure and seafood waste composts increased blueberry leaf N 

concentration and soil extractable N.  Warman et al. (2009) found that applications of 

municipal yard debris compost to cultivated lowbush blueberry (Vaccinium angustifolium 

Ait.) fields significantly increased soil extractable P and K.  

Compost incorporation also increased leaf K concentration (g∙kg-1), but 

decreased leaf Ca and Mg, and leaf concentration of Ca and Mg declined with increasing 

compost soluble K (Fig. 1.6). This decrease in leaf Ca and Mg was especially pronounced 

in composts with high soluble K (e.g., mint and dairy).  This agrees with multiple 

experiments which have shown the competitive effect of high soil or solution K on leaf 

Mg and Ca in many crops, including alfalfa (Medicago sativa L.), sorghum (Sorghum 

bicolor L.), and cotton (Gossypium hirsutum L.) (Dibbs and Thompson, 1985).  

Pinamonti (1998) found that field applications of municipal solid waste compost and 

biosolids compost significantly raised leaf K levels and decreased leaf Ca and Mg in 

‘Merlot’ grape (Vitis vinifera).  Symptoms exhibited by plants grown in the mint and 
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dairy composts were similar to those previously described for Mg deficiency (Marschner 

et al., 1996).  However, these symptoms also could be attributed to other factors because 

the plants were simultaneously exposed to high compost soluble salts and high soil pH.   

In the incubation experiment the sawdust amendment immobilized all inorganic 

soil N, and plants grown in sawdust showed signs of N deficiency.  However, among the 

compost treatments the compost N concentration and availability appeared to have no 

effect on plant growth or total uptake of N.  Compost acidification generally increased 

aboveground N uptake, and plant N uptake was linearly correlated with plant shoot 

growth.  The majority of composts with high inorganic and total N also had 

correspondingly high pH, and plants grown in these composts did not have increased N 

uptake.  The results of this experiment indicate that in selecting a compost for blueberry, 

analysis of total N content or N availability is not as important as compost pH and EC.   

 

Conclusions 

Composts with high pH also had high soluble salts and nutrient content.  

Therefore the effects of compost pH, salinity, and nutrient content could not be 

distinguished.  Plants grew best in composts with low initial pH, buffering capacity, and 

soluble salts.  These tended to be composts made primarily from plant-based feedstocks, 

including tree leaves, bark, horse manure with high woody bedding content, grass seed 

hull compost, and yard debris.   Plants grew poorly in composts derived from primarily 

manure-based feedstocks.  The exception to this general characterization was the mint 

hay compost, a plant-derived compost which had high initial pH and soluble salts.   

Compost acidification with elemental S significantly increased plant new shoot 

growth, root growth rating, and aboveground nutrient uptake of most nutrients, even 
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though it increased compost soluble salts.  Acidification also ameliorated the liming 

effect of compost on soil pH in all except in the most buffered composts.   

The best predictor of plant new shoot dry weight was compost pH, while root 

growth rating was negatively correlated with compost EC.  Plant response to the 

composts was not related to compost N, even though these plants were managed under 

low N fertilization.  Based on these findings, we recommend that composts best suited for 

blueberry should have a pH < 7.5 and EC < 2 dS∙m
-1

 (1:10 compost:water w/w).  

Composts made from plant-based feedstocks, rather than manure-based feedstocks, are 

most likely to have the ideal characteristics for use in blueberry production.   
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Table 1.1. Chemical characteristics of composts and sawdust used as soil amendments for highbush blueberry. 

z
mol H

+
 per kg of compost-C per unit pH..  Composts were titrated with dilute H2SO4 in a 1:10 ratio of compost:liquid (w/w). 

y
CO2-C evolved per g compost-C per day. Compost respiration rate via 21 d incubation with moist silt loam soil (22°C). ND = Not 

Detected. 
x
Total nutrient content via dry ash method with ICP analysis. 

w
Extractable NO3-N and NH4-N measured after 1 M KCl extract with automated colorimetric analysis. 

v
Total N per pot = compost N concentration*compost bulk density*pot volume. 

u
Initial available N per pot = (NO3-N + NH4-N)*compost bulk density*pot volume. 

Compost Analyses      N Added to Pots 

Total Nutrients (g kg-1)
x Inorganic N (mg kg-1)

w

Compost Feedstocks

Turning 

During Hot 

Composting

Curing 

Time (d)

Buffering 

Capacityz

Respiration/

C Lossy

C:N 

Ratiox N P K Ca Mg NO3-N NH4-N

Total N 

(g pot-1)v

Inorganic N 

(mg pot-1)u

Dairy:Hops 80% dairy solids,       

20% spent hops

2-3/week 200 0.78 0.4 15 10 2.2 4 6 4 350 17 2.2 77

Horse:Hay:Hops 45% horse manure, 

45% spoiled hay,      

10% spent hops

2-3/week 200 0.87 0.4 13 12 3 12 7 3 550 10 3.2 147

Mixed Manure Manure-based mixture None 700 0.81 1.5 12 17 4.8 14 15 6 770 11 3.9 174

Grass:Mint 80% grass hull, 

20% mint hay

None 700 0.89 0.7 9 22 6.2 8 12 5 1400 120 4.9 335

Mint Mint hay, after mint oil  

steam extraction

None 700 0.56 0.2 8 47 5.8 32 23 7 2500 27 6.7 359

Horse Horse manure with 

pelletized wood 

bedding

None 1000 1.13 ND 12 10 2.2 5 6 3 1200 17 3.6 456

Dairy Seperated dairy solids None 400 1.20 0.7 14 19 4.3 20 38 5 4100 9 3.5 732

Leaf Chipped leaves Weekly 400 0.80 0.9 20 8 2.1 3 17 3 430 20 1.9 104

Yard Debris Chipped yard debris Weekly 400 0.65 1.3 17 13 2.3 5 16 4 70 36 3.3 29

Bark Bark composted with 

sawdust and biosolids

Weekly 400 0.85 0.4 21 12 7.3 2 12 3 730 47 2.6 169

Sawdust Fir Sawdust  --  --  -- 0.7 400 1.2 0.0 0.1 0.2 0.0 2 11 0.1 1

3
8 
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Table 1.2. Compost dry bulk density, S rate added to compost, and effects of S addition (+S) on pH, electrical conductivity, and 

saturation extract nutrients.  

 
z
See Table 1 for a full description of each compost.  

y
Compost dry bulk density assessed by compacting moist compost in 2.86 L container (see Materials and Methods for details).  Compost 

moisture was then determined and water weight subtracted. 
x
S

o 
was added to the composts in amount determined by titration to acidify the average compost pH by 2.5 units, which equaled 32 g of 

S
o
 (or 2 mol H

+
) per kg of compost-C.  Composts were then incubated for 70-d at 22°C. 

w
Compost samples analyzed for pH and EC at 1:10 compost:water (w/w). 

v
Approximately 200 g of moist un-ground compost was saturated and water was extracted under vacuum using methods described in 

section S-1.00 of Soil Plant and Water Reference Methods for the Western Region (Gavlak, 2003) 

Compost Soluble Macronutrients (mmol(+)∙L-1)v

Compost 

Dry Bulk 

Densityy

So Rate 

Addedx pHw

Electrical 

Conduc. 

(dSm-1)w K Ca Mg SO4-S Na

Compostz g∙L-1

g∙dry 

kg-1
No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S

Dairy:Hops 282 5.4 7.8 5.2 0.6 1.8 9 13 5 19 5 17 1 41 10 12

Horse:Hay:Hops 349 6.1 7.7 5.2 1.7 3.5 23 43 3 16 2 17 3 52 7 12

Mixed Manure 298 7.0 7.9 6.0 1.7 4.0 20 50 2 18 2 21 5 58 6 15

Grass:Mint 300 5.6 5.7 4.3 2.2 3.8 29 35 10 25 18 40 12 45 4 3.8

Mint 190 11.9 8.1 5.1 4.2 8.1 39 110 3 23 3 34 2 85 4 10

Horse 501 3.7 6.4 4.9 1.1 2.0 24 30 9 22 10 31 7 42 7 9

Dairy 241 7.3 8.0 7.0 5.1 6.9 62 57 5 13 4 9 3 36 20 16

Leaf 313 4.4 7.2 5.1 0.4 1.3 3 7 2 18 1 8 1 22 2 2.1

Yard Debris 350 7.4 7.7 6.1 0.8 1.6 12 17 4 20 2 12 1 40 3 3.7

Bark 288 8.2 5.4 4.3 0.9 1.7 3 3 12 22 6 12 10 28 2 2.5

     Average 311 6.7 7.2 5.3 1.9 3.5 22 36 5 19 5 20 5 45 6 9

% Change with S 

Addition 63 257 271 867 36

3
9 
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Table 1.3.  Effects of compost and S addition (+S) on soil and pour-thru leachate pH and 

EC during plant growth trial.
 

z
Pour-through leachate was collected and analyzed after pouring 150 mL through each 

pot at 1 h after the plants were watered.   
y
Approximately 60 cm

3
 of soil was sampled from the middle of each pot and analyzed for 

pH and EC (1 soil : 2 water w/w).   

***P ≤ 0.001; NS=Non-significant.
 

 

 

 

 

pH Electrical Conductivity (dSm-1)

Pour-Through Leachatez Soily Pour-Through Leachatez Soily

Compost 10 DAT 50 DAT 78 DAT 10 DAT 50 DAT 78 DAT

No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S

Dairy:Hops 6.6 5.5 6.3 5.5 5.8 5.0 0.7 1.9 0.3 0.7

Horse:Hay:Hops 6.4 5.4 6.4 5.3 5.7 5.1 1.7 3.5 0.6 1.1

Mixed Manure 7.0 5.7 7.0 5.8 6.4 5.4 1.0 3.5 0.3 1.0

Grass:Mint 6.0 5.0 5.9 5.1 5.5 5.0 2.2 3.9 0.7 1.0

Mint 6.7 5.5 6.7 5.5 5.9 5.2 2.1 5.3 0.7 1.5

Horse 6.1 5.0 6.0 5.0 5.5 4.9 1.6 3.3 0.5 1.0

Dairy 7.1 7.1 7.4 7.2 7.0 6.7 4.1 4.8 1.2 1.4

Leaf 6.5 5.6 6.3 5.8 5.7 5.2 0.4 1.7 0.3 0.6

Yard Debris 6.6 5.9 6.7 5.5 6.0 5.1 0.7 2.4 0.3 1.0

Bark 6.0 4.5 6.1 4.8 5.4 4.6 1.1 2.4 0.2 0.8

Sawdust 5.8 5.8 6.0 5.0 5.5 4.8 0.1 0.2 0.1 0.3

Soil Only 6.2 5.6 6.0 4.7 5.4 4.6 0.2 0.5 0.2 0.8

      Average 6.4 5.5 6.4 5.4 5.8 5.1 1.3 2.8 0.4 0.9 0.2 0.4

Level of Significance

Compost *** *** *** *** *** ***

Sulfur *** *** *** *** *** ***

Compost*Sulfur *** *** *** *** *** NS

Contrasts:

All Composts vs Soil 

Only NS *** *** *** *** ***

Sawdust vs Soil Only NS ** NS NS *** NS

0.2

0.1

0.1

0.2

0.4

0.3

0.3

0.5

0.3

0.4

0.2

0.3
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Table 1.4. Effects of compost and sulfur addition (+S) on shoot dry weight and 

root growth rating in highbush blueberry.
 

z
See Table 1 for a full description of each compost. 

y
Root growth ratings: 1 ( 0-1 cm), 2 (1-2 cm), 3 (2-3 cm), 4 (3-4 cm), 5 (4-5 cm), 6 (5-6 

cm), and 7 (> 6 cm); see Fig. 1. 
***

P ≤ 0.001; NS=Non-significant. 

 

Shoot Dry Weight (gplant-1)

Leaves New Stem Old Stem    Total

Root 

Growth 

Rating

Compostz
No S  +S No S  +S No S  +S No S  +S No S  +S

Dairy:Hops 2.9 3.5 5.3 5.9

Horse:Hay:Hops 2.5 3.3 4.6 5.8

Mixed Manure 2.0 3.4 4.1 5.8

Grass:Mint 3.9 4.8 6.8 7.8

Mint 1.7 3.6 3.3 6.1

Horse 3.7 4.4 6.7 7.2

Dairy 2.5 2.7 4.6 4.8

Leaf 3.5 3.6 6.3 6.3

Yard Debris 3.4 3.9 6.3 6.7

Bark 3.9 4.2 6.4 6.9

Sawdust 1.4 1.4 3.0 2.9

Soil Only 2.9 2.4 5.2 4.6

     Average 2.9 3.4 0.6 0.8 5.2 5.9 3.6 4.6

Level of Significance:

Compost *** *** *** *** ***

Sulfur *** *** NS *** ***

Compost*Sulfur *** NS NS *** NS

Contrasts:

Composts vs Soil *** NS NS *** ***

Sawdust vs Soil *** *** NS *** ***

Compost pH>7.5 vs pH<7.5 *** *** NS *** ***

Soil pH >5.5 vs <5.5 *** *** NS *** ***

Compost EC >2.0 vs <2.0 NS NS NS NS ***

1.7

1.7

1.6

1.9

1.5

0.9

1.0

0.3

0.7

0.7

0.6

0.6

1.0

0.5

0.9 4.2

1.7

5.3

0.5

0.8

1.5

1.9

1.9

4.4

3.4

3.0

4.6

2.0

4.1

4.4

6.9

5.0

1.7

2.0

1.6

1.3

1.6
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Fig. 1.1. Root growth ratings for highbush blueberry. Each plant was rated for root 

growth by measuring the average distance roots spread into the pots from the original 

root ball, where ‘1’ equaled 0-1 cm of new root growth, ‘2’ to ‘6’ equaled each additional 

cm of growth from 1-6 cm, respectively, and ‘7’ equaled > 6 cm of new growth. 
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Fig 1.2.  Nitrate-N present in soil 30 days after addition of compost at the rate of of 50 g 

dry compost compost per kg dry soil.  Composts above the dotted line increased soil 

NO3-N, while sawdust addition immobilized NO3-N.   
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Fig. 1.3. Relationship between shoot dry weight and compost pH (A), and root growth 

and compost electrical conductivity (EC) (B) in highbush blueberry.  Plants were grown 

in soil amended with one of 10 different composts that either had no sulfur or were 

acidified with elemental sulfur (see Table 2).  At pH < 7.5, shoot dry wt. = -

0.45*compost pH + 8.87 (r
2
 = 0.15, P = <0.001); and at pH > 7.5, shoot dry wt. = -

4.2*compost pH + 38 (r
2
 = 0.32, P < 0.001).  With no sulfur, root growth = ---

0.64*Compost EC +4.4 (r
2
 = 0.51, P < 0.001); and with sulfur, root growth = -

0.59*Compost EC + 6.1 (r
2
 = 0.41, P < 0.001). 
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Fig. 1.4. Relationships between shoot macro- and micronutrient content and shoot dry weight 

in highbush blueberry.  Plants were grown in soil amended with one of 10 different composts 

(,) or sawdust (,), or in soil only (,) that either had no sulfur (,,) or were 

acidified with elemental sulfur (,,); see Tables 1 and 2 for details. Shoot N (A), Ca (D), 

S (F), Fe (G), B (H), Cu (I), Mn with no sulfur (J), and Zn (K) increased linearly in relation 

to shoot dry weight (r
2
 = 0.49-0.90; P < 0.01) while shoot P (B) and Mg (E) increased 

exponentially (r
2
 = 0.76 and 0.75, respectively; P < 0.001).  Slope of the relationship between 

shoot S and shoot dry weight differed significantly between composts with or without sulfur 

(P < 0.001).  There were no significant relationships between shoot K (C), Mn with sulfur 

(J), or Al (L) and shoot dry weight at p=0.05. 
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Fig. 1.5. Relationships between the compost pH (1:10 compost:water w/w) and shoot P 

(A), Mn (B), and Mg (C).  Plants were grown in soil amended with one of 10 different 

composts that either had no sulfur or were acidified with elemental sulfur (see Table 2).  

Shoot P decreased linearly with compost pH, shoot P = -1.11*Compost pH + 11.8 

(r
2
=0.65, P< 0.001).  Shoot Mg decreased linearly with compost pH, shoot Mg = -

1.7*Compost pH + 17.5 (r
2
=0.59, P< 0.001).  Shoot Mn decreased exponentially with 

compost pH, Shoot Mn = 194.9*Compost pH^2 – 2802.8*Compost pH + 10624.6 

(r
2
=0.65, P< 0.001).   
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Fig. 1.6. Relationships between the compost soluble K (mmol(+)/L) and concentration of leaf 

K (A), Ca (B), and Mg (C).  Plants were grown in soil amended with one of 10 different 

composts that either had no sulfur or were acidified with elemental sulfur (see Table 2).  Leaf 

K concentration increased linearly with compost soluble K, leaf K = 0.29*Compost soluble K 
+ 9.8 (r

2
=0.55, P< 0.001).  Leaf Ca concentration decreased linearly with compost soluble K, 

leaf Ca = -0.013*Compost soluble K + 3.0 (r
2
=0.36, P< 0.001).  Leaf Mg concentration 

decreased linearly with compost soluble K, leaf Mg = -0.0063*Compost soluble K + 1.66 
(r

2
=0.19, P< 0.001).   
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Abstract 

Highbush blueberry (Vaccinium corymbosum L.) is adapted to soils with high 

organic matter and acidic pH (4.5 to 5.5).  Growers in the Pacific Northwest USA are 

interested in compost as a replacement for the traditional organic matter source (Douglas-

fir sawdust), which is becoming scarce and expensive.  Compost can act as a liming 

agent, increasing soil pH to levels not tolerated by blueberry.  The objectives of this trial 

were to (i) compare plant performance with compost to traditional sawdust soil 

amendment under organic fertilization regime, and (ii) determine whether elemental S 

added at planting nullifies the increase in pH resulting from compost addition.  Manure 

feedstocks (four composts) included separated dairy solids and horse stall cleanings; 

plant feedstocks (five composts) included urban yard trimmings, leaves from street 

sweeping, conifer bark conditioned with municipal biosolids, and peppermint distillation 

residue.  Control soil amendments were Douglas-fir sawdust or no-amendment.  The 

composts varied in acidity (pH 5 to 9) and pH buffering capacity (0.4 to 1.1 mol H
+
 per 

kg compost-C was required to reduce pH by one unit).  Blueberry (3.7 L transplants) 

were grown outdoors for a summer (119 d) in large containers (13.5 L) containing 2:1 v/v 

soil:compost mixtures.  Soil moisture and nutrients were maintained via regular irrigation 

and fertigation (liquid fish emulsion).  Both initial compost pH and compost pH buffering 

capacity contributed to measured soil pH during the trial.   Overall, plant-based composts 

had less effect on soil pH and produced 20% more plant growth than manure-based 

composts, but had similar growth as plants amended with sawdust.  Elemental S addition 

at potting did not acidify soil enough to overcome the increase in pH resulting from 

compost addition, especially for highly buffered manure-based composts.  We conclude 



50 
 

 

that several plant-based composts show promise as soil amendments for blueberry.  

Further research is needed to identify reliable protocols for soil acidification in 

conjunction with high pH compost application.  

 

Introduction 

Highbush blueberry is an ericaceous plant adapted to well-drained soils that are 

high in organic matter, with a preferred pH range of 4.5-5.5 (Gough 1994; Haynes and 

Swift, 1986).  It has a shallow root system, confined mostly to the upper 25 cm of soil, 

and produces very fine, fibrous roots (Gough, 1980; Valuenzuela-Estrada et al., 2008).  In 

the Pacific Northwest, cultivated highbush blueberries usually are grown with a mulch or 

pre-plant incorporation of organic material.  Commonly used mulches include bark and 

acidic coniferous sawdust, which has been shown to almost universally increase plant 

growth (Haynes and Swift, 1986; Patten et al., 1988; White, 2006).  Sawdust is becoming 

less available, and is an increasing expense in blueberry establishment (Strik et al., 2009).  

The biological decomposition of sawdust causes immobilization of soil nutrients, 

especially decreasing plant-available inorganic nitrogen (N) (Myrold and Bottomley, 

2008;White, 2006).  This can be a difficult problem for organic growers to overcome, as 

organic sources of N are expensive. 

Composts may provide an alternative source of organic matter and nutrients for 

blueberry, and can be made from local organic byproducts.  Commonly used feedstock 

sources result in composts that are typically neutral or alkaline in pH, and are often high 

in soluble salts. Relatively little has been published concerning blueberry tolerance to 
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salinity, but highbush blueberry is generally thought to be sensitive to electrical 

conductivity (EC) above 1.5-2 dS∙m
-1

 (Patten et al., 1988; Bryla and Machado, 2011).  

Acidification of composts with elemental sulfur (S) could be a remedy for high compost 

pH, but the byproduct of S oxidation is sulfate (SO4
2-

), which increases soluble salts in 

compost (Garcia de la Fuente et al., 2007). Wong et al. (1998) reported that the ability of  

a compost to increase soil pH could be predicted by the “Proton Consumption Capacity,” 

or H
+
 consumed by the compost in a laboratory titration with acid to a target pH. Garcia 

de la Fuente et al. (2008) found that a laboratory titration of high pH composts with iron 

(II) sulfate (FeSO4) was correlated with compost response to elemental S addition in a 

70-d incubation. Factors controlling the biological oxidation of elemental S include 

temperature, moisture, oxygen, and particle surface area (Germida and Janzen, 1993).    

In 2007 an organic certified highbush blueberry systems trial was initiated at the 

Oregon State University North Willamette Research and Extension Center in Aurora, OR 

(OSU-NWREC) (Larco et al., 2011).  The experiment compared two cultivars grown on 

raised or flat beds; mulched with sawdust, geotextile weedmat, or yard debris compost 

under sawdust; and fertilized with ground feather meal or liquid fish emulsion.  After two 

years, compost increased soil organic matter (0-20 cm) by 9 g•kg
-1

 vs. weedmat, while 

sawdust mulch did not increase soil OM.   The compost treatment maintained soil pH in 

the optimum range for blueberry, preventing soil acidification.  Relative berry yields 

were 100% for weedmat, 90% for sawdust + compost, and 70% for sawdust mulch in the 

first berry production year.  The positive effects of compost on berry yield were observed 

across both cultivars, flat or raised beds, and both organic fertilizer sources. 
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In the winter of 2010, we conducted a 78-d greenhouse trial with 1-year-old 

highbush blueberry grown in 2.4L pots containing 60% soil, 30% compost, and 10% 

pumice (v/v) and managed under low-N fertigation (Costello and Sullivan, 2011).  

Composts were either acidified or not by 2 pH units with elemental S 70 days prior to the 

start of the experiment. We found that compost acidification increased plant shoot and 

root growth across all composts, and increased aboveground plant uptake of most 

nutrients.  Non-acidified composts with high pH, high EC, and high soluble K content 

decreased plant shoot and root growth.  The composts which produced the greatest shoot 

and root growth tended to have greater amounts of plant-based, rather than manure-based, 

feedstocks.   

In this trial, we evaluated 2-year-old highbush blueberry grown on an outdoor 

pad with nine composts under organic fertilizer management. We added elemental S to 

compost+soil at potting, instead of acidifying composts in advance, in an attempt to 

emulate what would be most practical for growers.  Our objectives were (i) evaluate plant 

growth with compost vs. the grower standard soil amendment (sawdust) under organic 

fertilization regime, and (ii) determine whether elemental S addition at planting can 

nullify the increase in pH resulting from compost addition.   

 

Materials and Methods 

Nine composts made from locally available organic byproducts were evaluated 

(Table 2.1), listed here in the order they appear in tables and graphs.   

Manure-based Composts  
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The AU-Dairy compost was made at OSU-NWREC in Aurora, OR, from 

separated dairy solids recovered from a mechanical manure separator.  It was managed in 

1 m
3
 bins and turned weekly during active composting.  The SH-Dairy compost was 

produced by a commercial processor (Pro-Gro Mixes, Sherwood, OR) with manure from 

a variety of  dairies, and managed in large windrows with mechanized turning.  Both 

horse composts (NP-Horse and SA-Horse) were produced via the same composting 

technology (O2 Composting Inc., Snohomish, WA), using 2 m
3
 bins with forced aeration 

for the active (hot) composting phase.  The main difference between the horse composts 

was the amount of bedding present.  The NP-Horse compost contained much pre-

pellitized sawdust bedding, while the SA-Horse compost contained less of a similar 

bedding material.  Both horse composts were considered “finished” by the composter and 

were being marketed.   

Plant-based Composts  

The CO-Yard and EU-Yard composts (from Corvallis and Eugene, OR 

respectively) were made from ground yard debris (grass + leaves + woody debris).   

These composts were commercially prepared at large private composting facilities 

equipped with mechanized turners and were screened after composting.    The PO-Leaf 

compost (Portland, OR) contained deciduous tree leaves collected in fall and were 

composted in large windrows with mechanized turning.   The TA-Bark compost 

(marketed as Tagro Potting Soil, city of Tacoma, WA) was produced from  a mixture of 

60% aged conifer bark, 20% fine softwood sawdust, and 20% USEPA Class A dewatered 

municipal biosolids.  It was composted in large windrows with mechanized turning.  This 
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compost was included with the plant-based composts as it is composed primarily of 

sawdust and bark, and unlike manure-based composts it is low in soluble salt.  The NE-

Mint compost was made at OSU-NWREC from peppermint hay, the plant residue 

remaining after steam distillation of peppermint oil.  The compost was managed in a 1 m
3
 

bin with weekly turning.    

All composts in this trial would be eligible for certification under USDA NOP 

(National Organic Program) rules except for the TA-Bark compost (municipal biosolids 

is not an allowable feedstock under NOP rules).    

Compost Analyses   

Compost samples were titrated in our laboratory with dilute sulfuric acid (H2SO4) 

to estimate pH  buffering capacity (Costello, 2011).  Five grams of compost was 

incubated with 0, 1, 2, 3, 4, 5, 6 or 7 mL of 0.15 M H2SO4 at a fixed 1:10 

compost:moisture (w:w) ratio.  In preliminary experiments, we found that the pH of 

compost:acid mixtures stabilized (pH no longer decreased) after 72 hours.  Compost pH 

and electrical conductivity (EC) of the unfiltered liquid was measured in a cup after 72 

hours using a combination pH/EC probe (HI 9813, Hannah Instruments, Woonsocket, 

RI).  Compost buffering capacity was determined as the best fit linear slope of the line 

describing pH reduction with incremental acid addition.   

Compost samples were analyzed for total C and total N and nitrate (NO3-N) at 

the OSU Central Analytical Laboratory (CAL) in Corvallis, OR.  Total C and N was 

determined with a combustion analyzer equipped with an infrared detector (LECO 

Instruments, St. Joseph, MI).  Nitrate-N was extracted with 2 M potassium chloride 
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(KCl), then determined colorimetrically using using a cadmium reduction method 

(Gavlak et al., 2003)  

Plant Growth Trial   

A 119-d plant growth trial at OSU-NWREC was initiated on May 18, 2010 with 

an early harvest on August 2, 2010 and a late harvest on September 15, 2010.  

Transplants used in the growth trial were two-year-old ‘Duke’ highbush blueberry 

(Vaccinium corymbosum L.) obtained from a commercial nursery (Fall Creek Nursery, 

Lowell, OR) in 3.7-L pots.  The plants were cut back to 40 cm in height prior to the start 

of the plant growth trial.   

Plants were potted into 13.5 L pots (#5 Egg Can, 26 cm height, 30 cm top 

diameter, Nursery Supplies, Orange, CA)  in a 2:1 (soil:compost, v/v) mix.  The bulk soil 

used in this trial was a Willamette silt loam collected from the top 10 cm depth in a 

former blueberry field at OSU-NWREC.  This was the same soil used in an organic 

blueberry systems trial currently underway at the OSU-NWREC (Larco et al., 2011).  

Soil pH was 4.8 and EC 0.35 dS∙m
-1

 (1:2 soil:water; w/w); 4.1% organic matter (loss on 

ignition) or 20 g∙kg
-1

 total C (LECO), 13 g∙kg
-1

 N.  Compost and soil were mixed in a 

450L commercial drum mixer for five minutes prior to potting.  The compost and soil 

mix was sampled at potting, and pH and EC measured at a 1:2 ratio (soil:water w/w). 

For S amendment treatments (+S), “split-pea” size pellets (approximately 3 mm 

diameter) containing ground elemental S with a bentonite binder (Tiger 90CR, Tiger-Sul, 

Atmore, AL, 0-0-0-90) were added at 11 g S per pot (approximately 11 g S per kg
 
of 

compost-C).  This S application rate was chosen based on typical compost pH buffering 
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capacity we measured in earlier trials, 0.85 mol H
+
 per kg of compost-C per unit pH 

(Costello and Sullivan, 2011). The S addition rate used in this trial was targeted to reduce 

compost pH by 2 units (e.g., from 7 to 5 or 8 to 6), assuming typical compost buffering 

capacity and 75% oxidation of elemental S. The full rate of S needed to neutralize 

compost alkalinity to pH 5 was not added to all treatments in this trial because of 

concerns about excess salinity produced by oxidation of S.     

The experimental design was a split plot with compost type as main plot and S 

amendment as subplot, with 3 replications per treatment.   A replication of each main plot 

treatment (compost type) consisted of six plants in a row (3 plants with S, 3 plants no S).  

After potting, plants were placed on an outdoor gravel pad equipped with low-pressure 

spray stakes (Plum PC Spray Stake; Netafim, Tel Aviv, Israel) receiving 11 L per hour 

when irrigated.  Plants were irrigated daily with approximately 500 mL.  

Plants were fertigated weekly from Day 30 to 78, a total of eight applications, 

with hydrolyzed fish emulsion (Eco-HydroFish, Eco-Nutrients Inc., 2N-1.7P-0.2K, 

Crescent City, CA) diluted at 30X.  One liter of fertigation water was applied at each 

event using a Dosatron injector (D14MZ10; Dosatron International, Clearwater, FL).  

Approximately 0.7 g N was applied per pot per application, a total of 4.7 g N per pot.  

The fish emulsion label reported that the fertilizer contained (w/w) 0.14% NH4-N, 1.63% 

water-soluble N, and 0.23% water-insoluble N.    On five fertigation dates (Day 36, 43, 

49, 64 and 70), samples of fertigation water were collected after the fertilizer stock 

solution had been diluted by the Dosatron. The fertigation water had pH of 5.5 and EC 
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was 1.3 dS∙m
-1

, and it contained 75 mg NH4-N, 231 mg P, 39 mg K, 74 mg Ca, 21 mg 

Mg, and 33 mg SO4-S per L.    

All containers were weeded  on day 30, 36, 45, and day 55.  Day 62 and beyond 

weeds were controlled using a physical barrier (Tex-R Geodisc fabric circle, Texel, Saint-

Elzéar-de-Beauce, Québec, Canada).  Escaped weeds were removed on Day 91.   

Pour-through leachate was collected and analyzed for pH and EC on Day 29 and 

Day 62 by pouring 1 L through each pot at 1 h after normal irrigation.  On Day 76, one 

pot per treatment per replication was destructively sampled for pH, EC.  Volumetric 

container water capacity was also determined after removal of the plant top.  Pots were 

watered until saturation, and then weighed after one hour and the weight of the pot and 

compost+soil was subtracted to determine water weight.  A hand-trowel was used to 

sample the upper 10 cm of soil from two sides of the pot, then composited into one 

sample, and the same was done for the soil from the lower 10 cm of each pot.  Soil pH 

and EC was measured using a 1:2 soil:water method (w/w) (used at soil testing 

labratories; Gavlak et al., 2003).  We refer to this method as “direct pH/EC” 

measurement to distinguish it from measurement of leachate pH and EC.     

Plants were destructively harvested on Day 76 (early harvest; 1 plant per 

replication) and at the end of the experiment on Day 119 (final harvest; 2 plants per 

replication).  At early harvest (Day 76), the aboveground portion of each plant was 

removed, partitioned into new growth and nursery growth (defined as plant stem growth 

at the start of the trial).  At late harvest (Day 119), plants were partitioned into leaves, 

new stem (stem growth during the trial), nursery growth, roots, and crown for 
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determination of dry weight.  Roots were washed by immersing the entire pot in water 

with agitation for 3 minutes, then washing with a high pressure hose for 2 minutes.  After 

drying, the roots and crown were separated by hand with shears.  The newest leaves on 

the upper portion of each shoot were separated from old (basal) leaves, and only new 

leaves were analyzed for total nutrient concentration.    

Leaf nutrient analyses were conducted at the USDA-ARS in Corvallis, OR, in 

2010.   Total leaf N was determined by a combustion analyser using an induction furnace 

and a thermal conductivity detector (Gavlak et al., 2003).  All other total leaf nutrient 

concentrations were determined at the same laboratory via inductively coupled plasma 

spectrophotometer (ICP) after wet ashing in nitric/perchloric acid (Gavlak et al., 2003).   

Statistical Analysis. 

 Treatment effects were determined by analysis of variance using Proc GLM 

(general linear model) with Statistical Analysis Software 9.2 (SAS Institute, Cary, NC).   

To account for the split-plot design, the ANOVA Type III block∙compost error term was 

used to test the main effect (compost).  Subsamples were averaged before statistical 

analysis.  Control treatments (AU-Sawdust and soil only) were excluded from the 

ANOVA to allow for more accurate determination of the effect of S addition on compost 

treatments.  Pooled standard error values for the compost ANOVA were calculated as 

follows:  sqrt∙(Mean Square Error∙blocks
-1

).  Linear regression analysis was conducted 

using Sigmaplot v. 11.0 (SPSS, Chicago).  Reported R
2
 regression values are based on 

analysis of regression with all data points, while only treatment means are shown in 

graphs. 
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We examined compost effects on plant growth response by partitioning composts 

into two feedstock groups: plant-based feedstocks (yard, leaf, bark, and mint composts) 

vs. manure based feedstocks (dairy and horse composts).    Therefore, contrast analysis 

was employed to identify promising feedstocks for blueberry.  Each feedstock group 

(plant or manure-based compost) was also compared to the blueberry industry standard 

amendment (sawdust).   

Results 

Compost  

Compost analyses (Table 2.2) demonstrated a range of pH, EC, pH buffering 

capacity and nutrient levels, even within common feedstocks (horse, dairy, yard debris).  

Compost C:N ranged from 8:1 in the mint hay compost (MO-Mint), to 36:1 in the horse 

manure compost with high woody bedding content (NP-Horse).  Buffering capacity 

varied approximately threefold among composts, ranging from 0.4 to 1.1 mol H
+
 per kg C 

per pH unit.  All composts had pH>7 except for the TA-Bark compost.  Compost EC 

ranged widely from 0.3 to 7. 9 dS∙m
-1

, while the sawdust EC was less than 0.1 dS∙m
-1

.   

Soil pH  

Leachate pH, upper pot direct pH, and lower pot direct pH all showed similar 

trends with respect to compost and S effects on pH (Table 2.3).   Leachate pH values 

were usually higher than direct pH measurements. For example, the leachate pH on Day 

62 of the soil only -S and AU-Sawdust -S treatments was 5.9 and 6.1 respectively, while 

the direct soil pH on Day 76 for both treatments was 4.8.  The direct pH method had 

greater sensitivity in detecting treatment differences.   
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Composts (except TA-Bark) increased leachate pH and direct pH.   The direct 

soil pH (Day 76) after amendment with manure-based composts averaged 5.8, while the 

soil pH with plant-based composts averaged 5.7 and the sawdust-amended soil was 5.0  

The highest pH was found in the highly buffered SH-Dairy and the lowest pH in the TA-

Bark and AU-Sawdust treatments.  On Day 76, the SH-Dairy raised the direct soil pH 

more than two units compared with the un-amended soil control.   

Sulfur effects on soil pH were related to the buffering capacity of the composts.  

Sulfur application (Day 76) reduced direct pH by an average of 0.3 units (average of 

upper pot and lower pot soil).   The more buffered composts had less pH decrease with S 

addition (SH-Dairy, PO-Leaf), while the soil only, AU-Sawdust, and less buffered EU-

Yard treatments had the greatest pH decrease with S addition.  Sulfur did not 

significantly affect leachate pH. 

The negative effect of high compost pH on soil pH may have been exacerbated 

by fish emulsion fertilization.  Direct pH, averaged across  -S treatments, increased by 0.5 

units between Day 0 and Day 76.  Even though the measured pH of the fish emulsion 

after dilution (5.5) was appropriate for blueberry, it contained basic cations (Ca, Mg, K) 

that increase soil pH.   

Soil EC 

Electrical conductivity declined with time during the growth trial, indicating that 

more salts were leached or utilized by plants than were added by fertigation.  The high 

EC measured in some composts (e.g., NE-Mint; compost EC = 7.9; Table 2.2) was 

diluted by soil addition and salts were leached during the trial.  Sulfur increased EC, 



61 
 

 

including leachate EC on Days 29 and 62, and direct soil EC on Day 76.   When averaged 

across all measurements in the trial, sulfur addition increased leachate EC by an average 

of 0.28 dS∙m
-1

, and direct soil EC by 0.12 dS∙m
-1

.  Although this is a relatively small EC 

increase, it is evidence that S oxidation occurred during the trial.      

Plant Response 

 The compost treatments resulted in large differences in plant dry weight, while S 

effects on plant dry weight were small or not significant at P=0.05 (Table 2.4).  Plant-

based composts produced 18% more new shoot growth and 22% more root growth than 

manure-based composts, but the same amount of root and shoot growth as the sawdust 

control.   Among composts, PO-Leaf, AU-Dairy, and TA-Bark produced the highest new 

shoot dry weight, while SA-Horse, CO-Yard, and NP-Horse produced the lowest new 

shoot dry weight.  Root dry weight was highest in plants grown with PO-Leaf, TA-Bark, 

and EU-Yard composts, and lowest with the SA-Horse, CO-Yard, and SH-Dairy.  Sulfur 

amendment at potting did not affect aboveground plant growth, but increased root dry 

weight in most compost treatments.  Elemental S had a large effect on aboveground plant 

growth in the AU-Sawdust treatment, increasing new shoot dry weight per plant from 24g 

to 42g.   

Compost had greater impact on leaf nutrient concentrations than elemental S 

(Day 119; Table 2.5).   Leaf N, K, S, B, Mn and Cu concentration differed among 

compost treatments.  Variation in leaf N concentration appeared to be a result of dilution 

due to plant growth differences, with the lowest performing CO-Yard, SA-Horse, and soil 

only treatments producing the highest leaf N.  Sulfur addition increased leaf S 
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concentration from 0.15% to 0.20%.  On average, compost addition decreased leaf Mn 

concentration when compared with the soil only and sawdust controls.  Leaf Mn 

concentration (Day 119) decreased exponentially with soil pH (Fig 2.1C), and was lowest 

in plants grown in SH-Dairy compost, which had the highest pH, and highest in low pH 

AU-Sawdust and soil only treatments.  

Although the leaves in this trial were not sampled according to the recommended 

method (most recently fully expanded leaf), nutrient concentrations (Table 2.5) were 

above reported deficiency levels for blueberry leaf tissue (Hart et al., 2006). Plants grown 

with SA-Horse compost, CO-Yard compost, and soil only showed signs of water-stress, 

especially in the hottest part of the summer during the experiment. Plants in these three 

treatments had leaf burn and plant dieback. 

Soil pH and EC vs. plant growth  

Linear regression was used to assess relationships between soil pH or EC and. 

plant growth (Figure 2.1).   Treatments with low soil water-holding capacity (Table 2.2; 

SA-Horse, CO-Yard, and soil-only control) were excluded from the pH and EC 

regression analysis.  These treatments had the lowest new shoot dry weight (Table 2.4), 

and plants showed water stress symptoms (leaf necrosis and plant death).  

Composts that increased soil pH reduced shoot and root growth (Fig 2.1A and 

B).   Early harvest (Day 76) new shoot dry weight was negatively correlated with the soil 

pH on Day 76 (R
2
=0.28, p<0.001, Fig. 2.1A).  The high pH SH-Dairy compost had the 

lowest new shoot dry weight on Day 76, and the low pH AU-sawdust and TA-Bark 

treatment had the highest new shoot dry weight.  The final harvest (Day 119) root dry 
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weight was also negatively correlated with the Day 76 soil pH (R
2
=0.25, p<0.001).  The 

low pH AU-Sawdust and TA-Bark treatments had the highest root growth.   

Relationships between compost EC and plant growth were weak.  Final harvest 

root dry weight (Day 119) was weakly correlated with initial compost EC (R
2
 = 0.16, 

p=0.009), and new shoot dry weight (Day 119) was not correlated with compost EC (R
2
 = 

0.007, p=0.59).    

Discussion 

Compost buffering capacity measurement 

Compost buffering capacity ranged from 0.36 to 1.11 mol H
+
∙kg C

-1
 per pH unit 

and averaged 0.75 mol H
+
∙kg C

-1
 per pH unit (Table 2.2), or 0.23 mol H

+
∙kg per pH unit.  

This was similar to that observed with a wider range of composts in an earlier study (0.83 

mol H
+
∙kg C

-1
 per pH unit, or 0.17 mol H

+
∙kg per pH unit; Costello and Sullivan., 2011), 

and agrees with the findings of Wong et al. (1998), who titrated 6 composts with dilute 

H2SO4 and found buffering capacities of 0.15 to 1.1 mol H
+
∙kg per pH unit.   The 

buffering capacities in our trial are lower than those found by Jobe et al. (2007), who 

titrated six composts derived from fish waste and/or farmyard manure in 0.1 M HCl and 

reported buffering capacities of 0.48 to 1.67 mol H
+
∙kg per pH unit.   Of the routine 

analyses typically performed for compost, the compost C:N ratio may be the most useful 

index of acid buffering capacity.  Higher C:N indicates more undecomposed woody 

material that has a low acid buffering capacity.  In general, composts that included higher 

amounts of woody bulking agent (EU-Yard, NP-Horse, and TA-Bark) had C:N > 20 and 

low to medium acid buffering capacity. In contrast, composts derived from highly 



64 
 

 

decomposable feedstocks (e.g., PO-Leaf, NE-Mint, SA-Horse) had lower C:N (<20) and 

medium to high acid buffering capacity.  But, the C:N ratio or other indicators of high 

amounts of woody material were not always related to acid buffering capacity of 

composts.   For example, the two dairy composts had similar C:N, but acid buffering 

capacity varied from low (AU-Dairy) to high (SH-Dairy).      

Predicting compost effects on soil pH 

Compost buffering capacity, combined with initial compost pH, was a good 

indicator of the effect of compost addition on soil pH during the growth trial.   Even 

though the two dairy manure composts had a similar starting pH, the SH-Dairy was twice 

as buffered, and it raised the soil pH nearly two units compared with the one unit pH 

increase caused by the AU-Dairy compost.  The high-manure SA-Horse was more than 

twice as buffered as the high-bedding NP-Horse.  However, the starting pH of the NP-

Horse was much higher than the SA-Horse (9.0 versus 7.5 respectively), and both 

composts had a similar effect on soil pH.   Both yard debris composts had a similar initial 

pH, and the more buffered CO-Yard raised the soil pH more than the less buffered EU-

Yard.  These results confirm that both compost initial pH and buffering capacity must be 

examined to effectively predict compost soil pH raising effect.   

Proton Consumption Capacity (PRC) describes the capacity of compost to 

consume protons when titrated with acid to a target pH (Wong et al., 1998; Jobe et al., 

2007).   The PRC integrates starting compost pH and pH buffering capacity of compost 

into one value to predict the mol H
+
 required to acidify compost to a target pH:  PRC = 

(initial compost pH - target compost pH) x pH buffering capacity (mol H
+
 per pH unit).  
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Compost PRC has been correlated with the liming effect of composts on tropical soils 

(Wong et al., 1998), and with compost effects on available P in tropical soils (Jobe et al., 

2007).   Compost PRC to a target pH of 4.8 (based on data presented in Table 2.2) was 

1.2 ( mol H
+
∙kg C

-1
) for AU-Dairy compost vs. 3.6 for SH-Dairy compost, and was 1.3 

mol H
+
∙kg C

-1
  for CO-Yard vs. 2.1 for EU-Yard compost.   Within dairy and yard debris 

composts, the lower PRC value correctly predicted a lower soil pH in our trial (Table 

2.4).   However, PRC did not correlate with measured soil pH for the two composts 

derived from horse manure.   The NP-Horse compost had PRC = 1.2 and the SA-Horse 

compost had PRC = 2.2 mol H
+
∙kg C

-1
, but amended soil pH (Table 2.4) was the same for 

both composts on Day 76.  Thus, the PRC concept shows promise, but additional 

research with a wider range of composts is needed to validate PRC as a robust predictor 

of compost acidification requirement.  

Effect of preplant S addition on soil pH   

Sulfur addition did not reduce the pH of compost treatments to that of the soil-

only control, and thus did not overcome the liming effects of the composts.  We 

incorporated bentonite-bound elemental S prills at potting which could have taken some 

time to break open and disperse, and the rate of elemental S oxidation is directly related 

to the surface area exposed to microorganisms (Janzen 1990; Sholeh et al., 1997).   The 

elemental S oxidation rate in soil has been shown to vary based on temperature, moisture, 

soil type, particle size, and other factors (Germida and Janzen, 1993).  Nor and Tabatabai 

(1976) found that elemental S incubated with five soils under ideal conditions achieved 

approximately 50% oxidation at 56 d, while Janzen (1990) found that oxidation of field-
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applied elemental S ranged from 25 to 57% at 59 d.  Current recommendations for 

acidification of soil are to amend with elemental S one year prior to blueberry planting to 

allow time for S oxidation to occur (Hart and Strik, 2006).  Thus, a higher S addition rate, 

finer S particles, or more time between S addition to compost and planting may be 

necessary to facilitate greater compost acidification than we achieved in this experiment.   

Sulfur did not have a significant effect on any of the aboveground plant 

measurements taken on Day 119, but did increase root dry weight in most compost 

treatments.  With little effect of S on soil pH (average 0.3 units decrease), we were 

surprised to see that S improved root growth. We hypothesize that S oxidation near 

elemental S prills created micro-scale zones of lower pH within the soil matrix that 

provided a lower pH environment for root growth. We do not think that S addition 

corrected a plant S deficiency, because plants received regular addition of fish fertilizer 

and analysis was within the normal range for S concentration.   

Effect of pH and EC on plant growth 

Soil pH on Day 76 was correlated with root dry weight (Day 119) and new shoot 

dry weight on Day 76 (Figures 2.1A and 2.1B).  This finding agrees with our previous 

plant response trial (Costello and Sullivan, 2011) where we found that the liming effect 

of compost on the soil is a primary factor in determining blueberry growth.   In two 

studies examining the effect of soil acidification and soil liming on blueberry growth, 

Haynes and Swift (1985a, 1985b) also found a linear decrease in plant dry weight as soil 

pH increased above 5.0.  Several other studies reported reduced blueberry growth when 

soil pH was greater than 5.5 (Cummings et al., 1981; Gough, 1994).   The increased leaf 
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Mn observed for compost treatments with pH < 5.5 in this trial (Figure 2.1C), and in a 

previous compost trial (Chapter 1, Fig 1.4) provide additional evidence of soil 

acidification as a contributor to blueberry response to compost.   A number of other 

studies report increased blueberry Mn uptake when soil was acidified (Townsend, 1973; 

Haynes and Swift 1985a, 1985b).   

The EC of compost, leachate, or soil did not correlate with plant growth in this 

trial.  Leachate EC decreased throughout the trial, likely as the result of leaching with 

irrigation water.  From the results of this trial and our previous compost blueberry 

response trial (Costello and Sullivan, 2011), we conclude that compost and soil pH has 

much more influence on plant growth than EC.  Soil EC values in this trial (0.06 to 0.52 

dS∙m
-1

; Day 76) were higher than those measured using soil solution samplers in a nearby 

organically-managed blueberry field trial at NWREC on the same Willamette silt loam 

soil (EC = 0.1 to 0.2 dS∙m
-1

, Valenzuela-Estrada et al., 2011).    However, EC values in 

this trial were below 2.0 dS∙m
-1

, a level associated with plant injury in blueberry (Bryla 

and Machado, 2011).    

Effect of compost on plant growth 

Blueberry growth with plant-based composts was equal to growth with sawdust 

amendment (current grower standard practice) in this trial, indicating potential to serve as 

a sawdust replacement or enhancement in blueberry production.  Composts from 

deciduous tree leaves, yard debris or bark performed well in this trial and in our previous 

trial (Costello and Sullivan, 2011).   Yard debris compost under sawdust mulch also 

performed well in a recent organic systems trial at OSU-NWREC, producing higher berry 
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yields in the second year than plants grown with sawdust mulch only (Larco et al., 2011).    

Generally, composts made from plant-based feedstocks in this trial and our previous trial 

(Costello and Sullivan, 2011) demonstrated lower pH and EC, and less liming effect on 

the soil, making them more suited for blueberry.  Considerable variation among horse 

manure composts was observed in this study in woody bedding content.  The horse 

manure compost with higher wood and lower manure content was better suited for 

blueberry.     

Overall, bark composted with municipal biosolids performed the best of all 

composts in this trial.  However, the bark compost would not be eligible for use in 

certified USDA Organic Production because of the inclusion of municipal biosolids 

(sewage sludge).  The success of the composted bark as a soil amendment for blueberry 

does, however, provide evidence of appropriate target analytical values for composts 

designed for blueberry [low pH (near 5), low  EC (<2) and C:N ratio near 20]. 

 

Recommendations 

Composts evaluated in this trial varied significantly in pH, EC and in pH 

buffering capacity, even within the same feedstock category (horse, dairy, yard debris).    

Therefore, we recommend that composts be analyzed for these parameters before use in 

blueberry production.  Laboratory determination of compost pH buffering capacity, in 

conjunction with compost pH, was a useful predictor of the “liming effect” of compost.   

High soil pH after compost incorporation was the primary factor that correlated with 

reduced plant growth after compost application.  The addition of elemental S at planting 
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was not successful in maintaining soil pH in the target range for blueberry (pH < 5.5).   

Therefore, additional trials are needed to determine appropriate timing and form and 

application method for elemental S or other amendments to acidify compost.  Yard debris 

compost (neutral pH, low to medium pH buffering capacity, low EC) shows the most 

promise as a sawdust replacement in blueberry production systems because of its 

widespread local availability and its favorable analyses with respect to blueberry soil 

requirements.  However, the reduced soil water-holding capacity observed after 

amendment with one of the yard debris composts in this trial deserves further 

investigation.  Composts derived from dairy solids or horse manure generally had 

unfavorable chemical analyses (pH near 8, medium to high buffering capacity, and high 

EC) and their performance was inferior to the industry standard (sawdust) in promoting 

blueberry growth.     
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Table 2.1.  Compost source, feedstocks, and processing methods. 

 

z
Source abbreviations represent city of compost origin and primary feedstock.  Cities in 

OR:  Au=Aurora; SH=Sherwood; NP=North Plains; SA=Salem; CO=Corvallis; 

EU=Eugene; PO=Portland.  TA=Tacoma, WA.  
y
Small volume: < 1000 m

3
; large volume: > 1000 m

3
         

x
Turning frequency during active composting: 0=Not turned (static); +=turned two to 

three times/month; ++=turned weekly; F=forced aeration.       

       

                      

          

 

 

 

 

 

 

 

 

 

 

 

Compost 

Abbreviation 

(source-type)z
Compost Feedstock Processing Volumey

Turning 

Frequencyx

Primary 

Feedstock 

Type

AU-Dairy Dairy Solids on-farm Small  ++ Manure

SH-Dairy Dairy Solids on-farm Small  + Manure

NP-Horse Horse Manure on-farm Small F Manure

SA-Horse Horse Manure on-farm Small F Manure

CO-Yard Yard Debris municipal Large  + Plant

EU-Yard Yard Debris municipal Large  + Plant

PO-Leaf Leaf municipal Large 0 Plant

TA-Bark Composted Bark municipal Large  + Plant

NE-Mint Mint Hay on-farm Small  ++ Plant
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Table 2.2. Laboratory analyses of compost (including C and N concentration, pH and EC, 

and buffering capacity), and container capacity (Day 76) of compost+soil mix during 

plant growth trial. 

 

z
1:10 water:compost w/w. 

y
Determined by 72 h titration with dilute H2SO4 in a 1:10 compost:water slurry. BC 

calculated by slope of least squares regression line of the titration. 
x
Container Capacity (CC) determined on Day 76 after aboveground plant removal, pots 

were watered until saturation and then weighed after 1h.  Vol water/vol pot.   

 

 

 

  

Treatment Total C Total N C:N N03-N pHz ECz

Buffering 

Capacityy CCx

gkg-1 gkg-1 mgkg-1 dSm-1
mol H+kg C-1 

per pH unit v/v

Controls:

Soil Only 20 1 15 20 4.8 0.4 NA 0.38

AU-Sawdust 434 1 620 1 4.0 0.0 NA 0.47

Manure-based Composts

AU-Dairy 339 21 16 1400 9.1 2.9 0.54 0.51

SH-Dairy 320 18 18 130 8.7 2.2 1.11 0.44

NP-Horse 229 6 36 60 9.0 1.2 0.36 0.39

SA-Horse 279 17 16 670 7.5 3.0 0.81 0.27

Plant-based Composts

CO-Yard 219 15 15 890 7.5 1.2 0.87 0.31

EU-Yard 298 12 24 10 7.6 0.5 0.54 0.38

PO-Leaf 238 12 20 820 8.8 0.3 0.98 0.49

TA-Bark 297 11 27 1300 4.6 0.8 0.75 0.46

NE-Mint 351 42 8 2100 8.7 7.9 0.68 0.42



76 
 

 

Table 2.3. Effect of compost and elemental S at potting, on direct soil pH and EC (1:2 soil:water, Days 0 and 76) and leachate pH 

and EC (Days 29 and 62). 

z
*, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively.  Control treatments were excluded from 

ANOVA and pooled SE. 
y
1:2, soil:water w/w.           

x
1:2, soil:water w/w.  A hand-trowel was used to sample the upper 10 cm of soil in two locations which was then homogenized 

into one sample, and the same was done for the lower 10 cm from each pot.  
w
Pour-through leachate was collected and analyzed after adding 1 L to each pot at 1 h after normal irrigation.    

pH Electrical Conductivity (dSm-1)

Soil (1:2) Leachatew
Soil (1:2) Leachatew

Upper potx Lower potx Upper potx Lower potx

0-dy
76-d 76-d 29-d 62-d 0-dy

76-d 76-d 29-d 62-d

Treatment No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S

Controls:

Soil Only 4.8 5.2 4.7 5.2 4.8 6.3 5.8 0.35 0.14 0.30 0.09 0.15 0.04 0.32 0.11 0.15

AU-Sawdust 4.6 5.2 4.6 5.3 4.9 6.1 6.0 0.35 0.12 0.31 0.06 0.15 0.13 0.18 0.14 0.47

Manure-based Composts

AU-Dairy 5.4 5.4 5.3 6.3 5.9 6.7 6.8 1.08 0.38 0.41 0.14 0.27 0.53 1.08 0.34 0.98

SH-Dairy 6.4 6.8 6.8 7.3 7.1 7.4 7.4 1.18 0.41 0.41 0.18 0.27 0.86 1.05 1.00 1.11

NP-Horse 4.7 5.3 5.1 5.5 5.3 6.0 6.2 0.78 0.18 0.36 0.10 0.27 0.46 0.99 0.06 0.34

SA-Horse 4.8 5.3 5.4 5.4 5.2 5.9 6.3 0.75 0.26 0.35 0.13 0.33 0.47 0.67 0.11 0.37

Plant-based Composts

CO-Yard 5.3 6.0 5.7 6.2 6.0 6.5 6.7 0.91 0.20 0.46 0.15 0.25 0.47 0.91 0.09 0.20

EU-Yard 5.3 5.7 5.4 6.1 5.5 6.6 6.5 0.65 0.23 0.40 0.09 0.27 0.41 0.65 0.20 0.35

PO-Leaf 5.5 5.8 5.6 6.2 6.1 7.0 7.1 0.65 0.30 0.52 0.15 0.25 0.39 0.81 0.19 0.77

TA-Bark 4.7 5.0 4.7 5.3 4.8 6.1 5.6 0.83 0.26 0.34 0.13 0.25 0.38 0.49 0.16 0.29

NE-Mint 5.2 5.5 5.4 6.4 6.3 6.8 6.9 1.51 0.36 0.44 0.19 0.24 0.85 1.19 0.71 0.96

Pooled SE (+/-) 0.09 0.08 0.08 0.06 0.02 0.06 0.12

Significance: z

Compost *** *** *** *** * NS *** ***

Sulfur ** *** NS NS *** *** *** ***

Compost*Sulfur NS NS ** NS NS ** * NS

0.10

5.8

6.0

6.3

7.1

6.1

6.3

6.1

6.3

6.4

5.9

6.7

7
6 
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Table 2.4. Effect of compost and elemental S added at potting on plant shoot, root, and crown dry weight 

(g/plant) and root:shoot ratio. Late harvest (Day 119). 

 

z
*, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively.  Control  treatments 

excluded  from ANOVA and pooled SE, but included in contrasts.     
y
Nursery growth defined as plant stem growth at the start of the trial.        

x
New stem growth defined as stem growth which occurred during the trial. 

 

Shoot Dry Weight (gplant)-1

Leaves Root Crown

Treatment No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S

Controls:

Soil Only 13 14 14 14 11 10

AU-Sawdust 13 16 15 27 18 17

Manure-based Composts (M)

AU-Dairy 12 18 19 21 11 14

SH-Dairy 14 14 21 14 11 10

NP-Horse 10 16 11 18 10 20

SA-Horse 13 14 13 13 10 12

Plant-based Composts (P)

CO-Yard 12 12 14 13 10 11

EU-Yard 16 13 19 15 16 15

PO-Leaf 20 17 21 24 15 18

TA-Bark 15 17 23 25 20 21

NE-Mint 15 18 18 20 11 13

Pooled SE (+/-) 1.4 1.7 1.7

Significance: z

Compost NS *** **

Sulfur NS NS *

Compost*Sulfur * * NS

Contrasts:

M vs P NS ** *

P vs Sawdust NS NS NS

M vs Sawdust NS ** **

0.49

0.35

0.33

0.50

0.04

Root:Shoot 

Ratio

2.9

3.7

3.7

3.0

3.3

2.9 0.42

0.40

0.47

0.40

0.46

0.39

3.7

4.7

4.3

4.2 0.35

Total New 

Shoot 

(leaves + 

new  stem)

21

33

33

27

NS

*

NS

**

*

NS

NS

**

NS

NS

***

NS

NS

**

8

*

NS

NS

NS

30

3.1

23

20

21

27

36

38

0.5

3.0

7

12

12

9

NS

*

Nursery 

Growthy

New 

Stemx

11

1.5

***

NS

NS

*

7

7

9

13

14



78 
 

 

Table 2.5. Effect of compost and elemental S at potting on leaf macronutrient and micronutrient content.  Late harvest (Day 119).  

 

z
*, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively.  Control treatments excluded from ANOVA and 

pooled SE.  
y
Target and deficiency levels from Oregon State University Extension Guide, derived from a database of values in Oregon (Hart et 

al, 2006)

Macronutrients (g kg)-1 Micronutrients (mg kg)-1

N P K S Ca Mg B Mn Fe Zn Cu

Treatment No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S

Controls:

Soil Only 1.4 1.9

AU-Sawdust 1.2 1.9

Manure-based Composts

AU-Dairy 1.5 1.6

SH-Dairy 1.4 1.8

NP-Horse 1.5 2.1

SA-Horse 1.8 2.4

Plant-based Composts

CO-Yard 1.7 2.6

EU-Yard 1.3 2.3

PO-Leaf 1.4 1.7

TA-Bark 1.6 2.2

NE-Mint 1.5 1.7

Pooled SE (+/-) 0.02

Target Levely
17.6-20   > 1.0   4.0 -7.0   1.1 - 1.6   4.1 - 8.0   1.3 - 2.5 31-80 30-350 61-200  --  5-15

Deficiency Level y <15 <0.7 <2.0 <1.1 <4.1 <1.3 <20 <30 <61  -- <3

Significance: z

Compost ** NS ** * NS NS *** *** NS NS ***

Sulfur NS NS NS *** NS NS NS NS NS NS NS

Compost*Sulfur NS NS NS NS NS NS NS NS NS NS NS

6.7

7.9

6.9

0.542.016

7.4

7.2

6.8

6.1

8.2

7.4

6.6

5.9

20

20

18

20

21

18

140

133

100

176

173

17

20

20

18

22

168

125

117

96

120

156

109

112

43

149

77

7.4 22

198

237

64

45

169

131

60

43

35

27

30

33

27

26

28

39

351.6

1.9

1.9

1.3

1.6

1.6

3.9

4.4

3.5

0.04 0.02

1.9

1.9

1.5

1.7

1.7

8.7

0.09

5.1

4.9

3.7

4.2

4.5

4.4

4.8

5.2

9.5

10

8.0

6.5

7.4

7.5

6.8

7.0

7.1

9.2

2.3

1.7

1.9

2.0

1.8

0.02

17

0.11

1.8

1.6

1.8

1.8

2.2

2.221

19

15

18

18

19

16
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17
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Figure 2.1.  Relationship between new shoot dry weight at Day 76 and soil pH (A), root 

dry weight at Day 119 and soil pH (B) plant growth trial with soil and composts, and new 

leaf Mn concentration at Day 119 and soil pH (C).  Soil pH was measured at 1:2 

soil:water w/w on Day 76, average of upper pot and lower pot soil sample.  Water-

stressed treatments (CO-Yard, SA-Horse, soil only) were excluded from regressions. 

Plant new shoot dry weight on Day 76 declined with soil pH: New shoot dry weight = -

0.49*soil pH + 47.5 (r
2
=0.28, p<0.001).  Plant root dry weight on Day 119 declined with 

soil pH: Root dry weight = 4.0*soil pH + 37.9 (r
2
=0.25, p<0.001).  New leaf Mn 

concentration on Day 119 decreased exponentially with soil pH: New leaf Mn 

concentration = 785*soil pH + 59*soil pH^2 – 2633. 
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Abstract 

Composts are neutral or alkaline in pH, which reduces their suitability for acid-

loving plants.  Elemental S (S
o
) can be used to acidify compost, but a method is required 

to identify the rate of S
o
 addition to achieve a target pH.  Our objective was to develop 

and validate a simple method to determine the pH buffering capacity of compost.  In a 

preliminary experiment, we found that compost pH stabilized at 72 h after dilute acid 

addition.  We then titrated composts with increasing amounts of dilute acid from 0 to 1 

mol H
+
∙kg

-1
 compost and measured pH at 1 h and 72 h to determine pH buffering 

capacity.  Compost pH decreased linearly with acid addition.  Compost pH buffering 

capacity (linear slope of titration curve) was 0.16 to 0.39 mol H
+
 per kg dry compost per 

pH unit.  To determine correlation between H2SO4 titration and S
o
 acidification, compost 

samples were incubated with S
o
 at 22°C and an average moisture content of 650 g H2O 

per kg moist compost.  Most of the decrease in pH from S
o
 addition occurred within 28 d.  

Compost pH at 28 d was closely predicted by the 72 h laboratory titration, but the 1 h 

laboratory titration was not correlated with compost acidification by S
o
.  Because of the 

linearity of compost response to acid addition, a 2-point titration method (one rate of acid 

addition) is an effective alternative to the 7-point method we used.   
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Introduction 

Composts are neutral or alkaline in pH, which reduces their suitability for acid-

loving plants.  Elemental S (S
o
) can be used to acidify compost, but a method is required 

to identify the rate needed to acidify compost to target pH.  The response of compost to 

acidification is dependent on compost pH buffering capacity, defined here as the 

resistance of compost to pH change, or the moles of hydrogen ions (H
+
) required to 

decrease compost pH by one unit.  The pH buffering capacity of soil has been the subject 

of extensive research, as soil acidification response and lime requirement is a critical 

component of agricultural management (Van Breeman et al., 1983; Lui et al., 2004).   

The organic fraction in soils is much more pH buffered than the mineral fraction (Curtin 

et al., 1996; Curtin and Rostad, 1997).   

Less is known about the pH buffering capacity of organic materials.  To predict 

the effects of acid rain, James and Riha (1986) determined the pH buffering capacity of 

organic forest surface horizons by titration with dilute HNO3.  Wong et al. (1998) 

reported that the liming effect of compost on soil pH could be predicted by its “Proton 

Consumption Capacity,” i.e., the quantity of H
+
 consumed by compost in a laboratory 

titration test to a target pH with dilute H2SO4.  Garcia de la Fuente (2007), and Carrion et 

al. (2008), with methods developed by Martinez et al. (1988), used laboratory titrations of 

calcareous composts with dilute FeSO4 to predict response to S
o
.  Garcia de la Fuente 

(2007) used a linear regression of compost titration response to predict the pH of three 

composts after incubation with a single rate of S
o
 for 70-d.  He found that the titration 

prediction overestimated the actual compost pH measured after acidifying amendment 

addition by 3:2 (e.g., when predicted pH decrease was 1.5 units, the actual pH decrease 

was 1 unit).   Carrion et al. (2008) used an exponential regression of H
+
 added vs. 

compost pH to predict the pH response of three composts after incubation with S
o
 at 4 
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rates for 70-d.  The titration prediction overestimated actual compost pH achieved with S 

addition by 2:1.  The discrepancy between predicted pH (via acid titration) and actual pH 

achieved (with S
o
 or other acidifying agent) could have been caused by incomplete 

oxidation of S
o
 added.  Oxidation of S

o
 is a biological process affected by temperature, 

moisture, oxygen availability, and particle surface area (Germida and Janzen, 1993).   

Acidification of organic matter to determine pH buffering capacity does not 

always produce the same value for buffering capacity as does liming (adding a base).  For 

example, Jeong (2010) reported different values for pH buffering capacity for base 

titration vs. acid titration between pH 3.3 and 6.0.  Acid titration buffering capacity was 

approximately 0.45 mol H
+
 per kg peat, while base titration was 0.25 mol OH

-
 per kg 

peat.  

This study follows two previous trials (Costello and Sullivan, 2011; Costello et 

al., 2011) in which compost was titrated with dilute acid in the laboratory using a 

preliminary method to predict the pH buffering capacity and response to S
o
 addition.  In 

the first trial, 10 composts were titrated with dilute H2SO4, and pH was measured at 72 h 

after acid addition (Costello and Sullivan, 2011).  Finely ground S
o
 was then added to 

compost in the amount determined by a linear regression of the titration to acidify the 

average compost pH by 2.5 units.  The average pH buffering capacity by linear regression 

was 0.17 mol H
+
 per kg of compost. After a 70-d incubation at 22°C, the average 

compost pH decreased by 1.9 units.  Blueberry (Vaccinium corymbosum L.) was then 

grown in soil amended with compost for 119-d.  In the second trial (Costello et al., 2011) 

nine composts were titrated in the laboratory with the same method, and the average pH 

buffering capacity by linear regression was 0.21 mol H
+ 

per kg compost per pH unit.  

Blueberry was then grown in soil amended with compost for 119-d.  Plant growth in both 
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trials strongly responded to pH, and the laboratory titration method identified composts 

with high pH buffering capacity which increased soil pH and decreased plant growth.   

A variety of methods has been used for measuring compost pH and EC (electrical 

conductivity), including saturated paste, 1:1 or 1:2 dilution with solutions of KCl or 

CaCl2 (compost:salt solution w/w or v/v), or 1:1, 1:2 or 1:5 dilution with water 

(compost:water w/w or v/v) (Thompson et al., 2001; Gavlak et al., 2003; VanderGheynst 

et al., 2004).  As EC is dependent on dilution ratio, VanderGheynst et al. (2004) 

developed a regression equation for relating the EC of compost measurements at a range 

of dilutions.  Salt solutions are usually used to prevent variability in pH measurements 

when comparing samples with a range of salinities, as cations can exchange with H
+
 and 

decrease pH.  The saturated paste method, which involves adding water until a sample is 

saturated or “glistens,” is subjective in how much water is added and therefore can have 

high variability (Warncke, 1986).    

In this study we wanted to standardize the compost titration method and assess its 

effectiveness in a replicated trial.  Our objective was to develop and validate a simple 

method to determine the pH buffering capacity of compost. 

 

Materials and Methods 

Compost description.  We evaluated eight composts produced from locally 

available feedstocks listed here in the order they appear in tables and graphs (Table 3.1).   

Compost age ranged from 180 to over 500 d.  Composts were sourced from both large 

(commercial and municipality) and small (on-farm) producers, with a range of 

management methods including turned windrow, static pile, and forced aeration.   

The SH-Dairy compost was produced by a commercial processor (Pro-Gro 

Mixes, Sherwood, OR) with manure from a variety of dairies, and managed in large 
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windrows with mechanized turning.  The HE-Dairy compost was marketed by a 

commercial producer (Phillips Soil Products, Canby, OR), and was made in Hermiston, 

OR from drylot dairy manure composted in passively aerated windrows.  The AU-Dairy 

compost was made at OSU-NWREC (Oregon State University North Wilamette Research 

and Extension Center) in Aurora, OR, from separated dairy solids recovered from a 

mechanical manure separator.  It was managed in 1 m
3
 bins and turned weekly during 

active composting.  The SP-Yard compost was procured from a commercial producer 

(Lane Forest Products, Eugene, OR) and made in Springfield, OR from ground yard 

debris (grass + leaves + woody debris) managed  in passively aerated windrows and 

screened after composting.    The CO-Yard compost was also  made from ground yard 

debris and was commercially prepared at a large private composting facilities equipped 

with mechanized turners and screened after composting.  The PH-Yard:straw compost 

was produced by a commercial producer (Soilsmith Services, Philomath, OR) in 

Philomath, OR from yard debris mixed with fescue straw and chicken broiler litter in a 

turned windrow using a front-end loader.  The PO-Leaf compost was obtained from the 

city of Portland, OR and contained deciduous tree leaves collected in fall, composted in 

large windrows with mechanized turning.   The AU-Mint compost was made at OSU-

NWREC from peppermint hay, the plant residue remaining after steam distillation of 

peppermint oil.  The compost was managed in a 1 m
3
 bin with weekly turning.    

All compost samples were protected from leaching during storage.  The CO-Yard 

compost was previously evaluated in an earlier blueberry growth experiment initiated in 

February 2010 (Chapter 1).  The compost was sampled in November of 2009, and then 

stored outside in15 L lidded plastic buckets.  The SH-Dairy, AU-Dairy, PO-Leaf, and 

AU-Mint composts were previously evaluated in a blueberry growth experiment in the 

summer of 2010 (Chapter 2).  These compost samples were collected in April and May 
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2010.  The AU-Dairy and AU-Mint compost samples were stored outdoors in 1 m
3
 

covered bins, while the PO-Leaf compost was stored outdoors in a 50 L covered trash 

can.   The SH-Dairy compost was stored in 15 L plastic buckets with lids in the 

laboratory at 22°C.  The HE-Dairy, SP-Yard, and PH-Yard:straw composts were sampled 

in April, 2011, and samples were stored outside in 50 L covered trash cans.   

            pH and EC Measurement.  We used a simple and repeatable water dilution 

method with direct slurry measurement to measure compost pH and EC. Because the 

majority of the compost samples we collected were already high in soluble salts, we 

decided that a salt solution would not provide a benefit.  We found through preliminary 

experiments that some of our compost samples absorbed much more water than others, 

and that a 1:1, 1:2, and even 1:5 dilution (compost:water w/w) left little water remaining 

for pH and EC measurement. Additional preliminary experiments showed that compost 

pH remained stable at dilutions from 1:1 to 1:20 (data not shown).  We decided to use a 

1:10 dilution which would provide sufficient liquid to conduct a direct slurry 

measurement with no filtration.  In this study, all pH and EC measurements were done at 

a 1:10 (compost:water w/w) dilution unless otherwise stated using a combination pH/EC 

probe (HI 9813, Hannah Instruments, Woonsocket, RI), or a dedicated EC probe 

(SB80PC Symphony Benchtop, VWR, Radnor, PA) if EC exceeded the labeled limit of 

the combination probe (4 dS∙m
-1

).  Probes were calibrated for pH at two points (7 and 4), 

and for EC one point (1.41 dS∙m
-1

) prior to each use.  

pH Stabilization.  To determine how long the compost pH takes to stabilize after 

acid addition, we titrated four of the composts (HE-Dairy, CO-Yard, PO-Leaf, and AU-

Mint) with two rates of dilute H2SO4.  We added moist compost in the equivalent of 5 dry 

g to 100 mL cups with DI water, and then added 0, 1, or 2 mL of 0.5 M H2SO4 at a fixed 

1:10 compost:liquid (w/w) ratio, in 3 replications.  The compost slurry was stirred by 
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hand for 10 s after acid addition, and then stirred again for another 10 s immediately prior 

to pH measurement.  The pH of the unfiltered liquid was measured at 1, 24, 48, 72 and 96 

h by inserting the probe in the supernatant.   

   Titration.  In order to predict pH buffering capacity, we titrated composts with 

seven rates of dilute H2SO4.  In the stabilization experiment we found that compost pH 

stabilized at 72 h after acid addition (Fig. 3.1), but we also were interested to know if a 

measurement at 1 h could be correlated with compost pH buffering capacity as this would 

be a more practical method for laboratory use.   We added moist compost in the 

equivalent of 5 dry g to 100 mL cups with DI water, and added 0, 1, 2, 3, 4, 7, or 10 mL 

of 0.25M H2SO4 at a fixed 1:10 compost:liquid (w:w) ratio in 3 reps.  After acid was 

diluted with water, it ranged from 0.0025M to 0.025M H2SO4.  The compost slurry was 

stirred by hand for 10 s after acid addition, and then stirred again for another 10 s 

immediately prior to pH measurement. Compost pH and EC of the unfiltered liquid was 

measured at 1 h and 72 h by inserting the probe in the supernatant.  Compost buffering 

capacities were calculated as the negative reciprocal slope after plotting the equilibrium 

pH (72 h) vs. mol H
+
 per kg.    

             Incubation. In order to measure actual acidification by S
o 
addition, we initiated a 

compost incubation experiment on July 7, 2011.  Wettable S
o
 (Lilly Miller Sulfur Dust, 

Walnut Creek, CA) was used in this experiment as a rapidly oxidizing S
o
 source that 

would easily suspend in water.  S
o
 was mixed with DI water and the suspension was 

added to compost samples in the rate determined by linear regression of each compost 

titration curve to achieve 0, 0.5, 1, 1.5 and 2 units of acidification, in three replications.  

Additional water was added during mixing of S
o
 and compost to moisten compost 

samples to promote S
o 
oxidation.  Adequate moisture was determined by adding water 

until compost samples glistened and one or two drops of water could be squeezed by 
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hand.  Moisture content ranged from 550 to 750 g H2O per kg moist compost.  Compost 

samples were then incubated at 22°C in 1 L Ziploc freezer bags with flexible straws 

inserted in one end for aeration. The bags were grouped by rep in 38 L plastic bins (2 

bins per rep), and bins were lined with moistened foam to maintain high humidity and 

decrease moisture loss.  The compost bags were subsampled at 14, 28, 42 and 84 d for pH 

and EC analysis.  Composts were subsampled at 84 d to determine moisture loss, which 

averaged 6.2 g H2O per kg moist compost.  In order to distinguish the pH decrease from 

S
o
 addition from naturally occurring acidification (e.g., nitrification), we used the pH 

measurement of the 0 rate of S
o
 as a baseline.  We refer to acidification caused by S

o
 as 

“actual pH decrease.”  We calculated actual pH decrease as follows: 

Actual pH decrease = pH at time x for treatment – pH at time x for 0 S control     Eq. [1] 

Compost Analyses. At 84 d incubation, composts at the rates of 0 (no S
o
) and 2 

units of acidification (highest rate of S
o
) were subsampled and homogenized across 

replications.  Bulked compost samples were analyzed at Brookside Labratories, New 

Knoxville, OH.  Compost pH and EC was performed with saturated extract analysis.  

Approximately 200 g of moist unground compost was saturated and water was extracted 

under vacuum using methods described in section S-1.00 of Soil Plant and Water 

Reference Methods for the Western Region (Gavlak et al., 2003).  Compost total C and N 

was determined by a combustion analyzer using an induction furnace and a thermal 

conductivity detector (Gavlak et al., 2003).  All other total nutrient concentrations were 

determined via inductively coupled plasma spectrophotometer (ICP) after wet ashing in 

nitric/perchloric acid (Gavlak et al., 2003).   

 Statistical analysis.  Data were analyzed with two-way analysis of variance 

(compost and time) at each rate using Proc GLM (general linear model) with Statistical 

Analysis Software (SAS Institute, Cary, NC).  Means were separated using Tukey’s 
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honestly significant difference (HSD) test.   Graphs were made with Sigmaplot v. 11.0 

(SPSS, Chicago, IL).   

Results and Discussion 

Compost Analyses.  Compost nutrient analyses ranged widely, with the yard 

debris and leaf composts having the lowest nutrient content and the mint and dairy 

composts having the highest (Table 3.1).  Compost C:N ratio ranged from 8 to 25.  The 

compost pH was near neutral for most composts, and ranged from 6.4 to 8.8. 

pH Stabilization.  After dilute acid addition, compost pH initially dropped steeply 

at 1 h and then gradually increased with time (Fig 3.1).  Most of the pH stabilization 

occurred within the first 24 h, but the pH of compost samples completely stabilized at 72 

h after dilute acid addition (the pH measurements at 96 h were not different than the 72 h 

measurements).   

A range of stabilization times after acid addition have been found in other 

titration experiments.  In titrations of organic forest soil surface horizons, James and Riha 

(1986) and Magdoff and Bartlett (1984) found that pH stabilized at 22 h and 19h after 

acid addition respectively, with constant shaking.  Martinez et al. (1988) used daily 

stirring for 45 min following acid addition, and found stabilization times of 8 d for forest 

litter and pine bark and 6 d for peat.  Wong et al. (1998) used a stabilization time of 14 d 

in titrations of various composts.    When adding Ca(OH)2 to soil to predict lime 

requirement, Liu et al. (2004) found that pH stabilized at 72 h after laboratory addition. 

  Titration.  Compost pH at 1 h was much lower than the measurement at 

stabilization (72 h).  The difference between the 1 h and 72 h measurement was not 

consistent among composts and rates (Fig 3.2).  The 72 h compost response to acid 

addition was approximately linear.   
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James and Riha (1986) also found linearity in titration of organic forest horizons.  

Magdoff and Bartlett (1984) found that organic forest horizons had a linear pH decrease 

with acid addition above pH 3.5, with an asymptote occurring between pH 1 and 3, which 

they attributed to increased Al solubility.  Wong et al. (1998) also used linear regressions 

of compost titration curves to predict liming effect on soil.  Garcia de la Fuente et al. 

(2007) used a linear regression of the response of three composts to FeSO4 to determine 

elemental S amendment rate for acidification.  Carrion et al. (2008) used nonlinear 

regressions (2
nd

 order polynomial) to characterize the pH decrease of crop waste compost 

with acid addition, but the titration curves could be characterized as approximately linear.   

The linear regression of compost pH after acid addition (7-point), or compost 

buffering capacity found in our experiment, ranged from 0.16 to 0.39 mol H
+
 per kg dry 

compost per pH unit, with an average of 0.27 (Table 3.2).  This range is similar to that 

reported for other composts, but the average is higher (Table 3.3).  Wong et al. (1998) 

found a similar range of pH buffering capacities when titrating peat and composted urban 

waste, garden waste, or farmyard manure.  Jobe et al. (2007) found a generally higher 

range of buffering capacities when titrating composts made from poultry, fish, and cattle 

manure.  This is in agreement with our finding in these titration experiments that manure-

based composts tend to have higher pH buffering than plant-based composts (Costello et 

al, 2011; Costello and Sullivan, 2011).  James and Riha (1986) found a similar range in 

titration of organic forest floor litter, and a similar average of 0.26 mol H
+
 per kg.  In 

calculations to determine the buffering capacity of organic matter in soil, Helling et al. 

(1964), Magdoff and Bartlett (1984), and Curtin and Rostad (1997) found values of 0.3, 

0.4 and 0.42 mol H
+
 per kg OM respectively.  A rough conversion of the compost pH 

buffering capacity found in our experiment to an OM basis (assuming compost organic 

matter has 50% C content) yields a buffering capacity estimate of 0.3 to 0.7 mol H
+
 per 
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kg OM for our composts.  Therefore, our compost OM had buffering capacity of similar 

magnitude as reported for OM in soil.   

Incubation.  Most of the compost acidification occurred within the first 14 d of 

incubation at 22°C, especially at the lowest S
o
 rates (Fig 3.3).   Contrast analysis 

indicated that no further significant S
o
 oxidation occurred beyond 28 d (Table 3.4).  

Between 42 and 84 d a general trend in acidification of 0.1 to 0.2 units was observed for 

both S
o
 amended and un-amended compost.   

The pH predicted via titration with dilute H2SO4 (72 h) was strongly correlated 

with pH at 28 d after S
o
 addition (Fig. 3.2 and Table 3.2).   Due to the slight nonlinearity 

of the compost titration curves, the linear regression underestimated the pH response at 

the lower rates and slightly overestimated pH response at the highest S rate (Fig 3.4).  We 

compared the 7-point titration prediction with a 2-point titration prediction, using only 

one acid addition (0 and 0.4 mol H+ per kg of compost).  The 2-point prediction was a 

relatively good predictor of the pH decrease at 28 d, although it had a greater 

overestimation of pH decrease at the higher S
o
 rates than the 7-point prediction. 

The 1 h titration pH measurement had greater nonlinearity, and we could not 

correlate it with the incubation pH values for S
o
 treatments (Fig. 3.2).  This indicates that 

a 1 h quick test for compost response to acid, similar to what Lui et al. (2004) developed 

with a 1 h soil response to lime (base), is not justified by this trial.   

Compost pH and EC method.   Compost pH values with the saturation extract 

method was similar to pH values using the 1:10 dilution method (Table 3.5 and Fig. 3.5).  

Compost EC using the saturated extract method could be correlated linearly with the 1:10 

dilution method, and produced values approximately 3x greater.    
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Summary 

 

 

We found that a laboratory titration with dilute H2SO4 (0, 0.2, 0.4, 0.6, and 0.8 

mol H
+
 per dry kg compost) was successful in predicting the amount of S

o
 required to 

acidify compost.   In both H
+
 titration and S

o
 incubation experiments, compost pH 

reduction with acid addition was approximately linear. The compost pH buffering 

capacity in this experiment was 0.16 to 0.39 mol H
+
 per kg dry compost per pH unit, or 

approximately 2.6 to 6.2 g S
o
 per kg dry compost per pH unit.   

In laboratory titration with dilute H2SO4 the compost pH stabilized at 72 h after 

acid addition.  The titration pH at 1 h after acid addition could not be correlated with the 

compost response to S
o
, thus further research is needed to develop a compost pH 

buffering capacity quick test.  Because of the linearity of compost response to acid 

addition, a 2-point titration method (one rate of acid addition) is an effective alternative 

to the 7-point method we used.   

To determine compost pH buffering capacity, we recommend the following 

method: 

1. Determine compost moisture content, and then add moist compost in the 

equivalent of 5 g of dry compost to 100 mL cups.   

2. Add deionized water to equal 50 mL of total liquid (e. g., if adding 2 mL of dilute 

H2SO4, then add 48 mL of water).   

3. 7-point method: Add dilute H2SO4 at rates of 0, 2, 4, 6, or 8 mL of 0.25M H2SO4, 

which is equal to 0, 0.2, 0.4, 0.6 or 0.8 mol H
+
 per kg dry compost.   

2-point method: Add dilute H2SO4 at rates of 0, and 4mL of 0.25M H2SO4, which 

is equal to 0 and 0.4 mol H
+
 per kg dry compost.   

Cover cups with lids or plastic wrap to prevent moisture loss. 
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4. Measure compost pH after equilibration for 72 h at room temperature (approx. 

22
o
C).   

5. Plot 72-h compost pH (y-axis) against acid addition rate (x-axis).  The negative 

reciprocal of the slope of the line is equal to pH buffering capacity of compost.   

For example, if compost was titrated with 0 and 0.4 mol H
+
 per kg dry compost 

and pH decreased by one unit, then the pH buffering capacity would be 0.4 mol 

H
+
 per kg dry compost per pH unit.   
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Table 3.1. Compost description, total nutrient analysis, and pH and EC (1:10 compost:water). 

 

 
z 
Source abbreviations represent city of compost origin and primary feedstock.   

 Cities in OR: SH=Sherwood; HE=Hermiston; AU=Aurora; SP=Springfield; CO=Corvallis; PH=Philomath; PO=Portland. 
y
 Turning frequency: 0=Not turned (static); +=turned two to three times/month; ++=turned weekly; F=Forced aeration. 

x
 Total nutrient analysis performed by Brookside Laboratories (New Knoxville, OH) using analysis method #Z004.  Total C and N  

 via LECO combustion analysis; other nutrients measured via ICP analysis after nitric/perchloric acid digestion. 
w
 pH and EC of compost determined in Costello laboratory at 1:10 compost:water, w/w.   

 

 

 

 

 

 

 

Total Nutrients (g kg-1)
x 1:10 (w/w) Analysisw

Compost 

(Source-Type)z Feedstocks

Turning 

During Hot 

Compostingy
Curing 

Time (d) N P K Ca Mg C C:N Ratio pH

EC 

(dSm-1)

SH-Dairy Dairy solids and dairy 

manure

 + >500 21 9.3 13 72 10 320 15 8.8 2.8

HE-Dairy Drylot dairy manure F 180 28 7.7 10 33 9 240 9 7.3 2.4

AU-Dairy Dairy solids  ++ >500 24 4.9 15 16 7 290 12 7.5 4.7

SP-Yard Chipped yard debris F 180 13 3.0 11 27 5 330 26 7.4 1.4

CO-Yard Chipped yard debris  + >500 13 2.8 7 17 4 170 13 7.3 0.7

PH-Yard:Straw 65% yard debris, 

25% fescue straw, 

10% broiler l itter

 + 250 20 8.8 11 29 9 260 13 6.4 3.3

PO-Leaf Deciduous tree leaves 0 >500 13 1.9 3 31 4 230 18 7.1 0.6

AU-Mint Peppermint hay  ++ >500 47 8.5 29 22 10 370 8 7.8 8.1

9
7 
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Table 3.2. Seven-point and two-point pH buffering capacity of compost, S rate applied, and predicted vs. actual pH reduction 28 days after S 

addition. 

 

 
 
z 
Source abbreviations represent city of compost origin and primary feedstock. 

y 
Determined by titration with six rates of dilute H2SO4 a fixed 1:10 compost:liquid ratio (w/w).  Buffering capacity was calculated as the negative  

 reciprocal slope after plotting the equilibrium pH (72 h) vs mol H
+
 per kg. 

x 
Determined by titration with one rate of dilute H2SO4 at at a fixed 1:10 compost:liquid ratio (w/w).  Buffering capacity was calculated as the  

 negative reciprocal slope after plotting the equilibrium pH (72 h) vs mol H
+
 per kg. 

w 
S amendment rate was added to composts based on 7-point pH buffering capacity calculation to acidify by 0, 0.5, 1, 1.5, and 2 pH units.   

V
 See materials and methods Eq. [1] for calculation of actual pH decrease. 

 

 

Compost 

(Source-Type)z

7-Point pH 

Buffering 

Capacityy

2-Point pH 

Buffering 

Capacityx

S rate 

appliedw

Initial 

pH on 

Day 0

pH with 

no S on 

Day 28 Predicted pH Decrease (7-Point)

0.5 1 1.5 2 0.5 1 1.5 2

mol H+
∙kg-1 

per pH unit

mol H+
∙kg-1 

per pH unit

g S∙kg-1 per 

pH unit Actual pH value       Actual pH decreasev

SH-Dairy 0.32 0.25 5.1 8.8 7.5 6.6 (0.03) 6.2 (0.03) 5.8 (0.03) 5.4 (0.03) 0.9 1.2 1.6 2.1

HE-Dairy 0.31 0.29 4.9 7.3 7.8 7.2 (0.06) 6.6 (0.03) 6.3 (0.03) 6.3 (0.03) 0.5 1.1 1.4 1.5

AU-Dairy 0.28 0.26 4.5 7.5 7.1 6.4 (0.07) 6.0 (0.03) 5.7 (0.03) 5.5 (0.00) 0.7 1.0 1.4 1.6

SP-Yard 0.23 0.21 3.7 7.4 7.5 6.7 (0.10) 6.2 (0.13) 5.7 (0.19) 5.5 (0.15) 0.8 1.3 1.7 2.0

CO-Yard 0.16 0.13 2.6 7.3 7.2 6.9 (0.07) 6.7 (0.12) 6.2 (0.09) 5.7 (0.07) 0.3 0.6 1.1 1.5

PH-Yard:Straw 0.23 0.20 3.7 6.4 6.5 5.7 (0.03) 5.3 (0.03) 5.0 (0.03) 4.8 (0.00) 0.8 1.2 1.4 1.7

PO-Leaf 0.25 0.27 3.9 7.1 7.3 6.8 (0.06) 6.5 (0.09) 6.2 (0.09) 6.0 (0.06) 0.5 0.8 1.1 1.3

AU-Mint 0.39 0.34 6.3 7.8 8.2 7.2 (0.03) 6.8 (0.03) 6.5 (0.03) 6.4 (0.06) 1.0 1.4 1.7 1.8

Average pH Decrease 0.7 1.1 1.4 1.7

Predicted pH Decrease

(7-Point)

9
8 
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Table 3.3.  Analysis of variance for pH with S rate at four times across eight composts. 

 

 
 
z
Two- way ANOVA with compost and rate of S, at each time of pH measurement.  Data 

for this analysis listed in Table 3.3.  *** is significant at the 0.001 probability level, NS is 

not significant at p=0.05. 
y 
Linear contrasts performed using a three-way ANOVA (compost, S rate, and time). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Factorz
14 d 28 d 42 d 84 d

Compost *** *** *** ***

S Rate *** *** *** ***

Compost*S Rate *** *** *** ***

Linear Contrastsy

14 d vs 28 d ***

28 d vs 42 d NS

42 d vs 84 d NS
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Table 3.4.  Organic matter and compost pH buffering capacities.  

 

 
z 
Approximate conversion: 0.1 mol H

+
∙kg

-1
 compost = 0.2 mol H

+
∙kg

-1
compost OM 

(organic  matter), assuming compost OM = 500 g∙kg
-1

.   

pH Buffering Capacity

Author

Source of 

Material Organic Matter

# of 

Samples 

(n)

Method of 

titration Range Avg Unitsz

Costello et al. 

(2011)

Oregon, US Composts from dairy solids, 

deciduous leaves, yard debris, 

grass seed hulls, mint hay, 

spent hops, and composted 

bark feedstocks

10 0.15 M H2SO4 0.12 to 0.31 0.17 mol H+
kg 

compost-1

Costello et al. 

(2010)

Oregon, US Composts from dairy solids, 

horse manure with bedding, 

yard debris, mint hay, and 

composted bark feedstocks

9 0.15 M H2SO4 0.11 to 0.35 0.21 mol H+
kg 

compost-1

Jobe et al. 

(2007)

PingTung, China Composts from poultry, fish, 

sugar molasses, and cattle 

manure feedstocks

6 0.1 M HCl 0.35 to 1.7 0.84 mol H+
kg 

compost-1

Wong et al. 

(1998)

Reading, UK Sedge peat and composts from 

urban waste, garden waste, 

coconut, and farmyard manure 

feedstocks

6 0.05 M H2SO4 0.15 to 1.1 0.37 mol H+
kg 

compost-1

James and 

Riha (1986)

New York, US Forest surface horizons, Oa, Oe 

and Oi

6 10 mM HNO3 

and 1 M NaNO3

0.18 to 0.36 0.26 mol H+
kg 

litter-1

Jeong (2010) North Carolina, 

US

Sphagnum peat moss 1 0.1 M NaOH and 

0.1 M HCl

 -- 0.35 mol H+
kg 

peat-1

Magdoff and 

Bartlett 

(1985)

Vermont, New 

York, New 

Hampshire, and 

Virginia, US

Organic matter in forest soils, 

horizons Oi, Oe, Oa, A, E, Bh, 

Bhs, Bs, Bx, and C

26 0.2 M H2SO4 or 

0.1 M CaCO3

 -- 0.4 mol H+
kg 

OM-1

Curtin and 

Rostad (1997)

Sasketchawan, 

CA

Organic matter in soil horizons 

A, Ae and B

1622 HCl titration of 

0.5 M BaCl2 

extract

 -- 0.42 mol H+
kg 

OM-1

Helling et al. 

(1964)

Wisconsin, US Ap horizons of agricultural 

soils

60 HCL titration of 

Ba buffer 

solution

 -- 0.3 mol H+
kg 

OM-1
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Table 3.5. Effects of elemental S acidification (+S) on compost pH and EC on day 84. 

1:10 compost:water and saturation extract methods.   

 

 
 

z 
Composts samples were analyzed in Costello laboratory for pH and EC at 1:10 

compost:water  (w/w) in a direct slurry measurement (see Materials and Methods). 
y
 Saturation extract analysis at Brookside Laboratory (New Knoxville, OH) #S003.   

 Approximately 200 g of moist un-ground compost was saturated and water was extracted   

 under vacuum using methods described in section S-1.00 of Soil Plant and Water  

 Reference Methods for the Western Region (Gavlak, 2003). 

  

    1:10 Method (w/w)y Saturation Extract Methody

Compost No S  +S No S  +S No S  +S No S  +S

SH-Dairy 8.1 6.6 2.7 5.1 7.8 6.5 7.9 15

HE-Dairy 6.8 5.5 2.7 4.4 7.0 5.4 9.2 14

AU-Dairy 7.3 5.4 4.1 6.5 6.9 5.3 9.3 18

SP-Yard 7.4 5.8 1.4 2.7 7.4 6.5 5.8 8.9

CO-Yard 7.5 5.0 0.6 1.8 7.5 5.6 3.6 8.3

PH-Yard:Straw 6.5 4.8 2.9 3.7 6.5 4.9 13 16

PO-Leaf 7.1 5.6 0.6 1.8 7.1 5.8 3.0 7.3

AU-Mint 7.2 5.4 6.2 8.3 7.2 5.5 22 24

pH EC (dSm-1) EC (dSm-1)pH
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Figure 3.1  Compost pH stabilization after dilute acid addition.  ΔpH = measured pH – 

initial pH.  Average of 4 composts (HE-Dairy, CO-Yard, PO-Leaf, AU-Mint).  0, 0.2, or 

0.4 mol H
+
∙kg

-1
 was added to 5 g of compost in 50 mL of water and pH was measured at 

1, 24, 48, 72 and 96 h.  Two-way ANOVA with compost and time, at each rate of H
+
 

addition.  Effects of compost, time and compost*time were significant at p=0.05.  Mean 

separation within each acid treatment with Tukey's honestly significant difference, means 

with the same letter at same incubation time are not different. 
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Figure 3.2. Predicted pH buffering response of compost as determined at 72 h after dilute 

H2SO4 addition vs actual pH measured at 28 d after S
o
 added to compost.  All pH 

measurement in 1:10 compost:liquid (w/w).    
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Figure 3.3.  Compost response with time after S

o
 addition.  S

o
 was added based on 7-point 

pH buffering capacity to acidify composts by 0, 0.5, 1, 1.5, and 2 units, and composts 

were incubated at 22°C.  pH measurements at 1:10 compost:water (w/w).  Standard error 

of all measurements was less than 0.1.   
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Figure 3.4. Seven-point and two-point linear predicted pH decrease and actual pH 

decrease at 28-d after S
o
 addition.  See materials and methods Eq. [1] for calculation of 

actual pH decrease. 
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Figure 3.5.  Correlation between compost pH and EC values with 1:10 method 

(compost:water, w/w) and saturated extract method.   
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General Conclusion 

Compost incorporation provided benefit to blueberry, especially under low N 

management, and generally increased plant growth and nutrient uptake when compared 

with plants grown in mineral soil only. Composts increased organic matter and nutrients 

without the N immobilization of the grower-standard sawdust amendment.  The composts 

best suited for blueberry were made from primarily plant-based feedstocks and had a pH 

< 7.5, low pH buffering capacity, and low soluble salts.  Feedstocks which showed 

promise include deciduous leaves, yard debris, bark, and horse bedding with low manure 

content. 

             We developed a method of laboratory titration with dilute acid that was effective 

in determining pH buffering capacity of compost, and successfully predicted the compost 

acidification by elemental S and the effect of compost on soil pH.  The pH buffering 

capacity, across 27 compost samples, ranged from 0.11 to 0.39 mol H
+
 per kg per pH unit 

(avg of 0.21), or 1.7 to 6.2 g S per kg per pH unit.  Acidification of composts with S
o
 

increased plant growth and nutrient uptake, and is a promising technology for eliminating 

the negative effects of high compost pH.  The increase in compost soluble salts from 

acidification did not strongly affect blueberry in these trials.  Compost pH was the 

primary factor influencing plant response to compost incorporation.    
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Fig. A-1.1. Chapter 1: Compost response to laboratory acid addition.  Composts 

were titrated with increasing amounts of 0.15 M H2SO4 in a ratio of 1:10, 

liquid:compost (w/w).  pH measurements at 72 h after acid addition.   

 

Acid Added (mol H+/ kg compost-C)

0 1 2 3 4

C
o
m

p
o
s
t 
p
H

0

1

2

3

4

5

Dairy:hops

Horse:hay:hops

Mixed manure

Grass:mint

Mint

Horse

Dairy

Leaf

Yard debris

Bark

Acid Added (mol H+/ kg compost)

0.0 0.1 0.2 0.3 0.4 0.5

C
o
m

p
o
s
t 

p
H

2

3

4

5

6

7

8

9

Avg Slope:
0.85 mol H+/kg C per pH unit



119 
 

 

 

Fig. A-1.2.  Chapter 1: Effects of compost and sulfur acidification on plant new growth (new shoot + leaves) and root growth 

rating in highbush blueberry. Root growth ratings: 1 ( 0-1 cm), 2 (1-2 cm), 3 (2-3 cm), 4 (3-4 cm), 5 (4-5 cm), 6 (5-6 cm), and 7 (> 

6 cm). 78-d greenhouse plant growth trial. Error bars represent standard error. 
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Fig. A-1.3. Chapter 1: Effects of compost and sulfur acidification on soil pH at harvest, day 78 (1:2 soil:water w/w).  Grey line is 

native soil pH (non-acidified) at harvest. 
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Fig. A-2.1.  Chapter 2: Effects of compost and sulfur addition at potting (With S) on plant new growth (new shoot + leaves) and 

root dry weight in highbush blueberry.  119-d plant growth trial. Error bars represent standard error. 
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Fig. A-2.2.  Chapter 2: Effects of compost and sulfur addition at potting on soil pH on Day 76 (1:2 soil:water w/w).  Grey line is 

native soil pH (non-acidified) on Day 76.   
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Table A-1.1.  Chapter 1: New leaf nutrient concentration.  Newest fully expanded leaves were sampled at 50 DAT and analyzed with ICP 

analysis. 

z
 *, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively. 

y
 From Nutrient Management for Blueberries in Oregon, Hart et al 2006.  Derived from a database of values in Oregon, interpretation 

based on best professional judgement. 
x
 From Blueberry Science, Eck 1998. 

Macronutrients (g kg-1) Micronutrients (mg kg-1)

P K Mg S Ca Mn B Mn Zn Cu Fe Al

Compost No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S

Dairy:Hops 1.1 1.3 5.9 6.4 1.6 1.9 1.3 2.0 3.4 3.0 58 99 111 74 58 99 22 21 9.0 7.5 275 67 215 37

Horse:Hay:Hops 1.1 1.3 10.2 11.1 1.2 1.7 1.3 2.1 2.6 2.5 84 138 204 163 84 138 21 18 8.2 8.6 142 113 111 39

Mixed Manure 1.0 1.5 7.9 10.3 1.9 1.8 1.3 2.7 3.3 3.0 65 94 129 146 65 94 20 17 8.8 6.5 78 81 55 27

Grass:Mint 1.3 1.5 11.5 9.3 1.4 1.8 1.3 1.8 3.0 3.4 72 188 123 125 72 188 15 21 4.7 6.7 61 121 52 89

Mint 1.2 1.4 20.7 18.1 1.0 1.2 1.5 2.2 2.5 2.2 99 133 84 122 99 133 17 14 5.6 7.5 70 80 71 51

Horse 0.9 1.1 11.8 11.7 1.1 1.7 1.2 2.1 2.4 3.1 63 201 125 177 63 201 16 16 6.4 7.5 56 61 35 47

Dairy 1.1 1.3 15.3 12.3 0.9 1.4 1.2 1.9 2.4 2.8 67 83 158 118 67 83 15 20 6.6 7.7 127 103 62 53

Leaf 1.0 1.0 6.0 6.1 1.7 2.2 1.4 1.9 3.6 3.7 69 73 246 248 69 73 18 17 5.7 6.2 63 79 54 56

Yard Debris 1.0 1.3 7.8 8.2 1.6 2.0 1.3 2.0 3.7 3.1 54 88 177 142 54 88 16 19 7.1 7.1 79 98 56 58

Bark 1.0 1.3 4.8 6.1 1.6 2.2 1.3 2.5 3.8 3.5 51 128 75 108 51 128 15 16 5.4 6.4 48 81 36 41

Sawdust 1.0 0.8 4.9 5.2 1.9 1.7 0.9 1.5 3.9 3.4 47 50 325 145 47 50 14 13 6.1 7.2 97 66 64 65

Soil Only 0.9 1.2 4.6 5.6 1.9 2.2 1.1 2.6 4.0 3.8 46 106 92 122 46 106 17 15 6.9 7.1 84 74 62 55

Target Levely   > 1.0   4.0 -7.0   1.3 - 2.5   1.1 - 1.6   4.1 - 8.0    30 - 350      31 - 80    30 - 350    8 - 30    5 - 15   61 - 200      -----

Deficiency Levelx 1.0 4.0 2.0 0.5 3.0 20 10 20 10 10 60      -----

Significance:z

Compost *** *** *** ** *** *** * *** NS * NS NS

Sulfur ** NS *** *** NS *** *** *** NS NS NS NS

Compost*Sulfur NS NS NS ** NS *** ** *** NS NS NS NS

Contrasts:

Composts vs Soi NS *** *** NS *** NS NS NS NS NS NS NS

Sawdust vs Soil NS NS NS *** NS NS NS NS NS NS NS NS

1
2

3 

 



124 
 

 

Table A-1.2. Chapter 1: Old leaf nutrient concentration.  Basal leaves were sampled at 50 DAT and analyzed with ICP analysis. 

z 
*, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively. 

Leaf Macronutrients Leaf Micronutrients

P K Mg S Ca B Mn Zn Cu Fe Al

Compost No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S

 --------------------------------g/kg----------------------------------  -----------------------------------mg/kg-----------------------------------------

Dairy:Hops 0.7 1.1 7.3 11.4 1.2 1.8 1.1 2.7 3.0 3.5 59 60 97 229 18 18 7.9 6.9 166 81 76 68

Horse:Hay:Hops 0.8 1.0 18.1 16.6 1.3 1.3 1.2 2.6 3.0 2.6 41 64 144 225 25 14 8.2 5.6 221 66 137 56

Mixed Manure 0.9 1.0 10.4 16.3 1.7 1.4 1.5 2.7 3.5 2.9 58 72 107 168 26 14 6.1 8.2 67 73 50 64

Grass:Mint 1.2 1.1 19.4 17.0 1.7 1.7 1.3 1.8 4.2 4.0 164 53 122 370 15 16 8.0 11.4 106 264 70 100

Mint 1.1 1.1 30.8 28.0 1.1 1.0 2.0 2.3 3.4 2.3 77 77 205 174 18 14 6.7 7.4 70 163 53 63

Horse 0.8 0.7 13.7 15.9 1.2 1.5 1.3 2.2 3.4 3.4 27 50 136 293 13 13 6.2 8.1 83 95 66 86

Dairy 1.0 0.8 26.3 14.7 1.2 0.8 1.2 1.3 3.2 1.8 13 24 122 105 16 9 6.7 6.0 153 97 129 32

Leaf 0.8 0.8 6.0 7.3 1.2 1.7 0.9 1.8 2.8 3.6 521 421 81 169 13 21 6.4 10.2 64 92 55 88

Yard Debris 0.5 0.7 9.2 13.2 1.2 1.2 1.1 2.0 2.9 2.7     -- 25 81 154 13 12 6.8 6.4 136 83 124 77

Bark 0.9 0.9 4.8 7.4 1.4 1.9 1.3 2.7 3.4 3.7 45 46 106 226 16 20 7.4 7.3 110 127 50 73

Sawdust 0.9 1.0 3.5 8.6 1.8 1.8 1.0 1.7 4.4 3.9 27 36 106 146 17 20 9.2 7.1 187 74 70 70

Soil Only 0.6 0.8 3.8 6.2 1.8 1.9 1.0 2.6 4.1 3.8 39 23 113 177 17 17 6.1 7.8 83 100 102 97

Significancez

Compost * *** *** ** *** *** *** NS NS NS NS

Sulfur NS * NS *** NS NS *** NS NS NS NS

Compost*Sulfur NS NS NS NS NS NS *** NS NS * NS

Contrasts:

Composts vs Soil * *** *** NS **   -- NS NS NS NS NS

Sawdust vs Soil NS NS NS NS NS NS NS NS NS NS NS

1
2

4 
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Table A-1.3.  Chapter 1: Plant total aboveground nutrient uptake.  Leaves and stems were pooled at harvest (78 DAT) and analyzed with 

ICP analysis.   

z 
*, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively.

Macronutrients Micronutrients

N P K Mg S Ca B Fe Mn Cu Zn Al

Compost No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S No S S

 -------------------------------------------mg----------------------------------------------  -------------------------------------------μg-----------------------------------------------

Dairy:Hops 57 68 3.4 4.6 42 53 4.7 7.4 4.5 9.5 14 16 169 209 150 161 631 1312 71 52 103 138 136 155

Horse:Hay:Hops 55 73 3.4 5.4 74 99 3.9 6.4 4.5 11.1 11 14 97 190 143 213 675 1391 62 59 85 123 115 161

Mixed Manure 36 61 3.0 5.5 45 85 3.9 6.7 4.7 12.5 11 14 154 242 130 198 588 855 54 52 84 124 154 145

Grass:Mint 96 105 6.4 8.5 115 105 9.8 11.5 6.5 11.2 22 24 249 224 194 335 747 2404 62 66 116 155 134 235

Mint 65 88 2.9 5.7 117 152 3.1 6.1 3.8 11.7 9 12 116 211 115 234 538 989 49 53 87 115 89 187

Horse 91 95 4.2 7.1 95 100 7.1 9.4 6.4 11.2 20 19 177 212 198 237 782 2358 64 53 110 136 171 191

Dairy 64 55 3.3 3.5 95 80 3.4 3.9 4.1 6.8 13 12 59 89 137 157 501 580 45 49 85 96 118 148

Leaf 59 54 4.0 5.3 46 46 6.4 9.1 5.3 10.4 20 22 1402 1317 187 202 754 939 51 67 120 147 174 180

Yard Debris 59 65 3.5 5.5 57 74 5.9 9.6 5.2 12.6 18 18 255 306 208 179 683 1178 53 67 106 141 197 158

Bark 57 71 4.8 7.6 37 53 7.4 11.7 6.7 15.4 21 23 176 209 187 241 640 2058 57 63 134 182 167 234

Sawdust 16 15 2.2 2.0 17 18 4.1 4.1 2.3 4.5 13 13 70 77 90 75 699 1105 37 45 75 78 157 177

Soil Only 42 45 3.0 4.3 25 33 5.9 7.3 3.9 10.7 17 17 125 128 155 169 735 1834 49 51 115 112 193 304

Significance:z

Compost *** *** *** *** *** *** *** *** *** ** *** ***

Sulfur *** *** *** *** *** * * *** *** NS *** ***

Compost*Sulfur ** *** *** ** *** NS NS ** *** NS NS **

Contrasts:

All Composts vs Soil 

Only *** *** *** NS NS NS *** NS ** NS NS ***

Sawdust vs Soil Only *** *** * *** *** ** NS *** ** NS *** ***

1
25
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Table A-1.4.  Chapter 1: Compost total micronutrients and cation exchange 

capacity (CEC).  

z
 Compost samples were analyzed for total nutrient content via dry ash method 

with ICP 
y
 CEC estimated via ammonium replacement method (Gavlak et al, 2003, 

S10.10).  
 

 

 

 

 

 

 

 

 

 

Total Micronutrientsz CECy

Compost B Fe Mn Cu Zn Al

 ------------------------------mg/kg-------------------------------

cmol/kg 

compost-C

Dairy:Hops 12 12600 455 13 169 13300 41

Horse:Hay:Hops 11 105100 627 24 57 25400 312

Mixed Manure 20 10600 357 36 71 12400 374

Grass:Mint 14 13000 462 15 145 14900 340

Mint 30 4400 127 29 54 4800 355

Horse 8 11400 769 17 75 21100 330

Dairy 14 12900 405 34 100 17500 216

Leaf 82 8600 494 24 218 4400 319

Yard Debris 18 13500 348 33 131 11700 297

Bark 9 10200 255 81 160 10300 268
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Total Nutrientsz Extractable Ny N Incubation (30 d)w Decomposition Incubation (28 d)v

Compost N C NO3-N NH4-N

Total 

inorganic N 

added to 

incubation w 

compost

NO3-N 

After 30 d 

Incubationy

Initial 

Inorganic N

Final 

Inorganic 

N 

C lost 

between 6 

and 28 d 

incubation

St Dev of C 

lost (n= 2) Rate of C loss

% %  ---mg/kg----  ---mg/(dry soil kg)-- % of compost total N % %

mg CO2-C/g 

compost-

C/day

Dairy:Hops 1.03 16 348 17 13 24 3.5 2.4 0.9 0.1 1.6

Horse:Hay:Hops 1.24 16 551 10 22 47 4.5 6.7 1.0 0.3 1.6

Mixed Manure 1.74 21 771 11 28 26 4.5 1.7 3.3 0.9 2.4

Grass:Mint 2.18 19 1365 123 73 65 7.3 5.0 1.5 0.8 1.7

Mint 4.71 38 2487 27 71 86 5.3 5.3 0.5 0.3 0.8

Horse 0.95 11 1199 17 63 62 12.8 9.6 -0.3 0.4 1.6

Dairy 1.95 26 4048 9 133 137 20.9 19.1 1.5 0.3 1.6

Leaf 0.79 17 426 20 22 28 5.6 3.4 2.1 0.1 2.1

Yard Debris 1.27 22 75 36 7 29 1.0 2.1 2.8 0.8 2.2

Bark 1.21 24 733 47 29 34 6.4 4.3 0.8 0.6 1.1

Sawdust 0.12 48 2 11 1 0 1.1 -15.4 1.5 0.4 1.0

Soil Only 15

Significancew

Compost *** ***

Table A-1.5.  Chapter 1: Incubations for compost N mineralization and decomposition. 

 

 

 

 

 

 

 

 

 

z
 Total C and N via LECO combustion analysis. 

y
 Extractable NO3-N and NH4-N measured after 1 M KCL extract with automated colorimetric analysis. 

w 
*, **, *** Significant at the 0.05, 0.01, and .001 probability levels, respectively. 

w
 Estimated by incorporating compost with moist (23% gravimetric moisture) Willamette silt loam soil at an approximate rate of 50 g dry 

compost compost per kg dry soil.  Samples incubated in zippered 3.8-L polyethylene storage bags at 22°C, in three replicates.   
v
 Compost was amended with moist (18% gravimetric moisture) Willamette silt loam soil at a rate of 10 g dry compost per kg dry soil and 

incubated at 22°C in sealed 0.9 L Mason jars, in two replicates.  Carbon dioxide evolved was determined at 21 d by titration. 

1
2

7
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Table A-1.6.  Chapter 1: Compost saturation extract micronutrients.   

z
Approximately 200 g of moist un-ground compost was saturated and water was 

extracted under vacuum using methods described in section S-1.00 of Soil Plant 

and Water Reference Methods for the Western Region (Gavlak, 2003) 

 

 

 

 

 

 

 

 

 

 

Compostz B Fe Mn Cu Zn Al

No S  +S No S  +S No S  +S No S  +S No S  +S No S  +S 

 -----------------------------------------------------μmol/L--------------------------------------------------------------

Dairy:Hops 29 51 12 10 0.9 118.0 0.6 0.6 1.8 12.7 31 30

Horse:Hay:Hops 13 25 98 13 3.1 222.4 3.1 1.1 2.6 3.2 114 36

Mixed Manure 43 107 64 5 3.5 1.5 3.3 0.8 3.7 0.9 43 12

Grass:Mint 76 52 6 8 2.0 371.7 0.6 0.8 1.4 6.9 15 38

Mint 31 99 23 4 4.6 47.0 2.4 0.5 3.1 0.8 25 13

Horse 23 82 13 10 0.7 1.3 0.9 0.9 1.1 0.9 52 27

Dairy 18 22 49 10 8.9 2.2 3.6 1.4 3.8 1.2 17 21

Leaf 90 519 4 4 0.4 14.7 0.2 0.3 0.5 8.1 9 13

Yard Debris 38 78 14 11 0.5 3.6 0.6 0.5 0.8 0.9 44 34

Bark 19 29 3 3 2.2 57.5 0.5 0.5 2.4 21.1 9 16
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Table A-1.7.  Chapter 1: Compost bulk density and compost+soil bulk density 

and water-holding capacity. 

 

z
Compost loose dry bulk density was assessed by weighing a 2.86 L beaker filled 

with moist compost.  A sample was taken and dried, and water content subtracted 

from sample weight.  Compacted bulk density was assessed by filling the 

container halfway, tapping the pot on the ground 3x from a height of 60 cm, 

filling the beaker to the top, tapping 3x again from 60 cm, and then filling to the 

top and weighing.   
y
 Assuming loose bulk density and 1/3 volume occupied by compost. 

x
Compost+soil bulk density was estimated at harvest by weighing each pot after 

the shoot was removed, determining gravimetric soil water content, and 

subtracting the pot and water weight. 
w
Container capacity determined at 50 days after transplanting by weighing the 

pot at 1 h after watering, and then subtracting pot weight and compost+soil 

weight. 

 

 

 

 

Compostz
Compost + Soil in Pot 

Compost

Dry Bulk 

Density 

Loose 

(g/cm3)

 Dry Bulk 

Density 

Compacted 

(g/cm3)

Dry 

Weight of 

Compost 

in Pot (g)y

Dry Bulk 

Density 

(g/cm3)x

Volumetric 

Water 

Content at 

Field Capacity 

(v/v)w

Dairy:Hops 0.22 0.28 181 0.93 0.32

Horse:Hay:Hops 0.28 0.35 230 0.93 0.33

Mixed Manure 0.24 0.30 195 0.93 0.34

Grass:Mint 0.24 0.30 199 0.90 0.34

Mint 0.16 0.19 129 0.95 0.34

Horse 0.41 0.50 335 0.97 0.34

Dairy 0.18 0.24 147 0.92 0.37

Leaf 0.25 0.31 206 0.92 0.33

Yard Debris 0.29 0.35 234 0.95 0.34

Bark 0.23 0.29 188 0.86 0.35

Sawdust 0.12 0.14 99 0.83 0.33

Soil only  --  --  -- 1.11 0.31
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Table A-2.1.  Chapter 2: Compost bulk density and compost+soil bulk density. 

 

z
Compost loose dry bulk density was assessed by weighing a 2.86 L beaker filled 

with moist compost.  A sample was taken and dried, and water content subtracted 

from sample weight.  Compacted bulk density was assessed by filling the 

container halfway, tapping the pot on the ground 3x from a height of 60 cm, 

filling the beaker to the top, tapping 3x again from 60 cm, and then filling to the 

top and weighing.   
y
Compost+soil bulk density was estimated at 76-d (early harvest) by weighing 

each pot after the shoot was removed, determining gravimetric soil water content, 

and subtracting the pot and water weight. 

 

 

 

 

 

 

 

 

 

 

Compostz
Compost + 

Soil in Pot 

Compost

Dry Bulk 

Density 

Loose 

(g/cm3)

 Dry Bulk 

Density 

Compacted 

(g/cm3)

Dry Bulk 

Density 

(g/cm3)y

Soil Only  --  -- 1.04

AU-Sawdust 0.11 0.13 0.84

AU-Dairy 0.12 0.14 0.93

SH-Dairy 0.14 0.17 0.89

NP-Horse 0.22 0.24 0.87

SA-Horse 0.12 0.24 0.89

CO-Yard 0.28 0.33 0.93

EU-Yard 0.26 0.29 0.92

PO-Leaf 0.26 0.31 0.94

TA-Bark 0.24 0.29 0.91

NE-Mint 0.14 0.17 1.01
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Table A-3.1. Chapter 3: Compost organic matter (loss on ignition) and total 

micronutrient content. 

 

 z
Organic matter determined by loss on ignition (LOI) method (Gavlak et  

al., 2003, S9.20) at Brookside Laboratory, New Knoxville, OH.   
y
Total nutrient content via dry ash method with ICP analysis at Brookside  

Laboratory, New Knoxville, OH. 

Total Micronutrients (g/kg)y

Compost OM (%)z B Fe Mn Cu Zn

SH-Dairy 61 58 4530 467 345 233

HE-Dairy 43 49 9510 314 58 185

AU-Dairy 60 44 10100 466 54 848

SP-Yard 49 36 15700 691 72 177

CO-Yard 39 25 20000 711 70 219

PH-Yard:Straw 44 32 20700 982 299 357

PO-Leaf 35 33 16700 1270 56 258

AU-Mint 71 34 6920 415 35 104


