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Justification and Background:  

Washington State is the largest national producer of organic highbush blueberry, 

contributing approximately 52% and 22% of the nation’s fresh and processed supply, 

respectively (USDA, 2017). According to the most recent published estimates, 

approximately 75% of the organic blueberry acreage in Washington State is located 

east of the Cascade Range (Brady et al., 2015). However, the industry has 

continued to expand (Courtney and Mullinax, 2020) and organic blueberry acreage 

east of the Cascade Range has likely surpassed 75% of in-state production.  
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Eastern Washington represents a relatively new and unique area of blueberry 

cultivation within the Pacific Northwest (PNW) with its soils that are naturally high in 

pH and low in organic matter. Despite the significance and scale of the eastern 

Washington organic blueberry industry, relatively little research on organic nutrient 

management has been conducted that translates to this important production area. 

Schreiber et al. (2012; unpublished) conducted one of the few organic nutrient 

management trials in eastern Washington blueberry and found plant yield was 

greater during establishment at low nitrogen (N) application rates (25 lbs/acre N). 

The situation differs in the maritime PNW, where research led by Dr. Bernadine 

Strik’s program has provided extensive research-based information to guide organic 

nutrient management practices in western Oregon (Strik, 2014; Strik et al. 2017 and 

2019). For example, research overseen by Strik showed lower rates of fish emulsion 

led to higher yields in establishing ‘Duke’ (Larco et al., 2013). In addition, fertilizer 

source had no effect on ‘Liberty’ yields, while ‘Duke’ performed better with feather 

meal than fish emulsion with up to a 35% yield difference when fertilized at 65 versus 

125 lbs/acre N (Strik et al., 2017). 

 

There is a need to study organic fertilizer N sources and application rates in the 

unique conditions of eastern Washington using fertilizer sources available to these 

growers. The arid climate and calcareous soils in eastern Washington impact plant 

growth and nutrient requirements, as well as mineralization rates and 

synchronization of nutrient availability with plant demand (Caspersen et al., 2016). 

Growers in eastern Washington also believe higher rates of N may be needed for 

optimal production given yields tend to be greater than the maritime portions of the 

PNW.  

 

This research team has been addressing this need with a focus on fertilizer N source 

and rate through a project funded by the Northwest Center for Small Fruits Research 

(NCSFR). Funding from the NCSFR came to a close and the Washington Blueberry 

Commission provided additional gap funding in 2020 to continue on with the 

research. We were successful in securing additional funding from the NCSFR in 

2020, which will provide funds for the research to continue in 2021-2023. These 

funding sources allow us to study long-term impacts of our fertilizer treatments, 

which is beneficial to growers that invest in producing organic blueberry and allows 

us to generate recommendations based on long-term data. While the commission 

helped the team greatly in 2020, this report provides a more complete summary of 

data collected from 2018-2020. 

 

Relationship to WBC Research Priority(s): 

This proposal is related to the following priority: 1) Fertility management, including 

timing, placement and efficiency  

 



Objectives:   

1. Evaluate the effects of commercially available organic nitrogen fertilizer 

sources applied at low, medium, and high rates on blueberry plant growth, 

development, and yield in eastern Washington.  

 

2. Better understand release and availability of NO3
 -N and NH4-N in acidified 

eastern Washington blueberry soils. 

 

Procedures:  

An on-farm study was established in Prosser, Washington in Feb. 2018 in an organic 

‘Duke’ field. Plants were in their fourth growing season and were grown on raised 

beds mulched with black landscape fabric made from woven polypropylene. Two drip 

lines were placed under the mulch near the crowns and provided irrigation water. 

Plants were spaced ~3 ft apart in the row and 10 ft apart between rows. The 

experimental design is a randomized complete block design with plots split for 

different fertilizer rates. Four organic-approved fertilizer N sources were selected and 

applied annually from 2018-2020: 1) Blood meal (15-0-0) (J.R. Simplot, Boise, ID); 2) 

TRUE 402 fish emulsion (4-0-2) extracted from acidulated fish soluble, beet extracts, 

and reduced sugar molasses (TRUE Organic Products, Inc., Helm, CA); 3) 

WISErganic (3-2-2) derived from digested plant materials (WISErg Cooperation, 

Redmond, WA); and 4) Combination (40% blood meal and 60% WISErg). Note all N 

fertilizer sources were selected based on growers’ feedback. Fertilizer rate is split 

within source at 50, 100, and 150 lbs/A N. Plot size is 3 ft X 36 ft with 12 plants/plot 

and each treatment was replicated four times (n=48 plots). Because the focus of the 

project was to study the effects of fertilizer N source, all treatments received a 

uniform rate of phosphorus (P) and potassium (K) at 42 and 82 lbs/acre of P and K, 

respectively. Sources for P and K were ProPhos (0-20-0) derived from rock 

phosphate and ProK (0-0-20) derived from fruit rind ash (Agroplasma Inc., Tempe, 

AZ). 

 

Data collected in 2020 includes: 

▪ Yield and fruit quality [average berry mass, firmness, and total soluble solids 

(TSS)] in June/July 2020 

▪ Leaf tissue macro- and micro-nutrient concentrations – determined Aug.  

2020  

▪ Ammonia (NH4-N) and nitrate nitrogen (NO3-N) levels in soil – determined 

from continuous measurements collected using Plant Root Simulator probes 

(PRS) (Western Ag Inc., Saskatoon, Canada) that were exchanged every two 

weeks during the production season 



▪ Soil pH and macro- and micro-nutrients - determined from soil samples 

collected in Aug. 2020. Removed due to insufficient funds from the 

commission.  

 

Data were analyzed using Program R (R Team; R Foundation for Statistical 

Computing, Vienna, Austria) using a linear mixed effects model and the lme4 

package. Analysis of variance was performed with a post-hoc Tukey test for multiple 

comparisons. Means were computed and comparisons were made to look at the 

effects of different fertilizer N rates within a source.  

 

Results and Discussion: 

Yield.  

The primary finding was that yield was impacted most by year, not fertilizer N source 

nor rate, (Table 1 and Fig. 1). However, there were notable, nonsignificant declines 

in yield at the highest rate). Yield was greatest in 2019 (13.3 lbs/bush), lowest in 

2018 (10.9 lbs/bush), and intermediate in 2020 (11.1 lbs/bush). Given the planting 

was in its fourth growing season when the trial was established and blueberry can 

take up to six years to become established, the difference between years and overall 

increase in yield was unsurprising. However, the highest yield was achieved in 2019, 

not 2020, suggesting the plants have not yet reached their full yield potential. 

Another possibility is that yield is declining due to build-up of K and EC (see below), 

but additional years of data collection are needed to validate this. Analysis also 

suggested at a potential fertilizer source x rate interaction (P=0.06). Upon closer 

inspection of the effects of different fertilizer N rates within a source, only blood meal 

and WISErganic (both 100 versus 150 

lbs/acre N rates) were close to our cutoff 

value for statistical differences (P= 

0.0581 and 0.0793, respectively).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Average yield per bush (determined from 3 

plants per plot) for ‘Duke’ blueberry treated with 

different fertilizer nitrogen (N) sources (BM = blood 

meal, Combo = 40% blood meal + 60% WISErganic, 

Tru= True Fish Emulsion, and WISErg=WISERganic) 

at 50, 100, and 150 lbs acre/N, 2018-2020.  

Table 1. Main effects and interactions of yield 

data, 2018-2020. A P-value greater or equal to 

0.05 denotes statistical significance.  



Fruit Quality. 

Fruit quality variables included average berry size, firmness, total soluble solids, and 

titratable acidity (Table 2). Berry size differed by year (P=0.004), not by any of our 

treatments. Firmness differed by year and was greatest in 2019 (P=0.01). These 

yearly differences in firmness are attributed to differences in timing of harvest, as 

berries will soften the longer they stay on the plant. Firmness also showed a rate 

effect when fertilized with blood meal and was greatest at the 100 and 150 lbs/acre 

N rate (P=0.02). No differences in total soluble solids were detected and total 

titratable acidity only differed by rate within our blood meal treatment with TA being 

highest in the 50 lbs/acre N rate (P=0.004). Overall, berries were of good quality and 

suitable for fresh market regardless of year and treatments.  

 

 

 

Tissue Nutrients.  

For brevity, we focused this report on tissue N, P, K, and calcium (Ca), as these are 

considered the most important nutrients for blueberry systems in the region of study. 

Full nutrient data are available upon request. For tissue N, there were year, fertilizer 

source, rate, year x fertilizer source, fertilizer source x rate, and year x fertilizer 

source x year effects (P=0.025, 0.004, <0.0001, <0.0001, and 0.02, respectively). 

Results, averaged over year, are presented in Fig. 2 for brevity. Tissue N increased 

with rate except for blood meal (50 vs 100 lbs/acre N) and True fish emulsion (100 vs 

150 lbs/acre N). Despite these differences, tissue N ranged from 1.42-1.65%. These 

Table 2. Average berry weight, firmness, total soluble solids, and total titratable acidity 

(determined from a 100-berry sample per plot) for ‘Duke’ blueberry treated with different 

fertilizer nitrogen (N) sources (BM = blood meal, Combo = 40% blood meal + 60% 

WISErganic, Tru= True Fish Emulsion, and WISErg=WISERganic) at 50, 100, and 150 lbs 

acre/N, 2018-2020. 

 



tissue N ranges are within the recommended range of 1.25-1.75% for a mid-to-late 

August sampling time within the region put forth by Davenport and DeVetter (2019).  

 

 

Tissue P showed year, fertilizer source, 

rate, and year x fertilizer source effects 

(P=<0.0001, 0.0001, 0.0001, and 0.008, 

respectively). Tissue P increased with 

fertilizer rate and tended to be greater 

among plants treated with WISErganic, 

which is the only fertilizer source with P 

in the reported analysis at 2%. The range 

in tissue P was 0.093-0.108%, which is 

within the recommended guidelines of 

0.08-0.15% (Davenport and DeVetter, 

2019).  

 

Potassium showed year and year x rate 

effects with levels increasing each year (P<0.0001 and 0.044; Table 3). By the end 

of the 2020, tissue K levels were above recommended ranges established by 

Washington State University and Oregon State University (Davenport and DeVetter, 

2019; Hart et al., 2006). These results suggest tissue K could be problematic in 

these plots, as blueberry is sensitive to high levels of soil K (Strik et al., 2017). High 

tissue K levels may be responsible for the overall yield reduction in 2020. The project 

team will consider modifying our supplemental K additions to avoid K toxicity.   

 

Figure 2. Average tissue nitrogen concentrations for ‘Duke’ blueberry treated with different fertilizer 

nitrogen (N) sources (BM = blood meal, Combo = 40% blood meal + 60% WISErganic, Tru= True Fish 

Emulsion, and WISErg=WISERganic) at 50, 100, and 150 lbs acre/N, 2018-2020.  

Table 3. Tissue K by year for ‘Duke’ blueberry 

treated with different fertilizer nitrogen (N) sources 

(BM = blood meal, Combo = 40% blood meal + 60% 

WISErganic, Tru= True Fish Emulsion, and 

WISErg=WISERganic) at 50, 100, and 150 lbs 

acre/N, 2018-2020. 



Calcium showed year and year by rate effects (P=0.0006 and 0.0007, respectively). 

Tissue Ca was lowest in 2019, but ranged between 0.704-0.078% across the three 

years. These levels were within the ranges of 0.5-0.85% (Davenport and DeVetter, 

2019).  

 

For reference, estimated means of these four tissue nutrients presented by rate 

within fertilizer source is provided in Table 4.  

 

Table 4. Tissue total nitrogen, phosphorus, potassium, and calcium from ‘Duke’ blueberry leaves treated with 

different fertilizer nitrogen sources (BM = blood meal, Combo = 40% blood meal + 60% WISErganic, Tru= True 

Fish Emulsion, and WISERganic) at 50, 100, and 150 lbs acre/N, 2018-2020. 

 Treatments 
Total 

nitrogen (%) 

Phosphorus 

(%)  

Potassium 

(%) 

Calcium  

(%) 

Blood meal   
   

50 lbs/acre N 1.46 0.09 0.63 0.75 

100 lbs/acre N 1.46 0.09 0.68 0.74 

150 lbs/acre N 1.53 0.10 0.70 0.74 

Combination  
    

50 lbs/acre N 1.47 0.10 0.68 0.76 

100 lbs/acre N 1.51 0.10 0.70 0.75 

150 lbs/acre N 1.61 0.11 0.68 0.73 

True fish emulsion 
    

50 lbs/acre N 1.46 0.01 0.67 0.74 

100 lbs/acre N 1.52 0.11 0.69 0.72 

150 lbs/acre N 1.51 0.10 0.65 0.71 

WISErganic  
    

50 lbs/acre N 1.45 0.10 0.70 0.74 

100 lbs/acre N 1.56 0.11 0.66 0.76 

150 lbs/acre N 1.61 0.11 0.64 0.74 

Recommended rangesz  1.25-1.75 0.08-0.15 0.40-0.50 0.50-0.85 
zRanges for blueberry leaves sampled in mid-to-late August and provided by Daveport and DeVetter 

(2019).  

 

NH4-N and NO3-N levels.  

PRS probes were established in the 100 lb/acre N rate only, consistent with what 

was done in 2018 and 2019. Probes were extracted and replaced every two weeks 

from April 8 to Sept. 10, 2020. Results from 2020 are presented in Fig. 3. Overall 

and consistent with previous years, NO3-N was detected in higher concentrations 

than NH4-N, indicating rapid mineralization. Although native soil pH tends to be high 

(~7.8), soils are acidified pre-plant and irrigation water is also acidified. These 

practices have lowered the soil pH to an average of 5.5 based on previous soil tests. 

Although nitrification should be reduced at low soil pH due to reduced growth of 



nitrifying bacteria (Dancer et al., 1973), it is known nitrifying microbial communities 

populations may persist in cultivated blueberry soils (Hanson et al., 2002).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Next Steps:   

We will continue the project from 2021 through 2023 collecting similar data as in the 

past. However, one notable difference is the addition of Dr. Gabe LaHue, who will 

lead laboratory incubations to characterize net mineralization rates of the organic 

fertilizer N sources used in this study under field-representative moisture and 

temperature conditions.  
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Figure 3. Nitrate (NO3-N; top) and ammonium (NO4-N; bottom) levels detected in soil growing ‘Duke’ 

blueberry fertilized at 100 lbs acre/N using organic fertilizers (Tru=True fish emulsion, BM = blood 

meal, WISErganic = WISErganic fertilizer, and combo =40% blood meal + 60% WISErganic. Data 

from only 2020 are presented.   



Project information is shared annually at grower meetings, including the Washington 

Blueberry Commission Research Review and Washington Small Fruit Conference. 

Dissemination of project information was reduced in 2020 due to the pandemic, but 

we still shared project information at key grower and academic conferences and will 

continue to do this until the conclusion of the project. Project reports will be posted 

and made available to the public through the WSU Small Fruit Horticulture website 

(the specific webpage for this project can be found at: 

https://smallfruits.wsu.edu/projects-and-activities/nutrient-management-in-organic-

blueberry/). Long term, we plan to publish project information in academic papers 

and relevant extension publications alongside additional nutrient management 

information we are generating through other projects. 
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