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2:00 p.m. Flavor and Storage-Life of Blueberry Varieties  

• Jim Hancock, Horticulture Dept., MSU 

2:30 p.m. Trickle Irrigation Equipment and Design  

• Bill Wolfram, Toro Micro Irrigation 

3:00 p.m. Efficient and Effective Blueberry Fertilization Programs  

• Eric Hanson, Horticulture Dept., MSU Educational Coordinator 

3:30 p.m. Effective Management of Blueberry Fruit Rots  

• Annemiek Schilder, Plant Pathology Dept., MSU 



 
 
 
 
 

Storage life and flavor of blueberry varieties 
 

Jim Hancock, Pete Callow, Randy Beaudry and Eric Hanson 
Department of Horticulture, Michigan State University, East Lansing, Michigan 48824 

 
We have been studying four factors that could influence the long term storage of blueberries: 1) 

storage atmosphere, 2) nutrition, 3) stage of  bush development and fruit ripeness, and 4) variety.   
We tested the effects of  atmosphere on long term storage from 1999 - 2001, by storing ripe fruit 

from eight cultivars under ambient O2 and CO2  or 2 % O2  and 8 % CO2, and evaluating it at 4, 5 and 6 
weeks.  There was little difference observed between the two treatments for soluble solids, acidity, 
firmness, % bruising and % decay in any cultivar.  

We tested the effect of N and Ca levels on the keeping quality of blueberries, by collecting and 
storing fruit in 1999 and 2000 from Jersey bushes whose leaves had N levels ranged from 1.7 to 2.1 % 
and Bluecrop bushes whose leaves had Ca levels ranging from 0.43 to 0.47 %. Little difference was 
observed in the storage quality of fruit from any of these treatments.  

To measure the effect of bush ripeness on long term storage, 100 % blue fruit were picked from 
‘Elliott’ bushes in 1999 and 2000 when the bushes were 30 %, 60 % and 80% ripe and sorted into three 
classes - fully blue, 75 – 100 % blue and 50 - 100 % blue. The storage quality of the earlier harvested fruit 
was significantly better than that picked later; however, there was no significant difference in the storage 
quality of fruit that was 50, 75 and 100 % ripe. We also compared the storability of fruit from the first and 
second harvests of four cultivars in 2001 and found that fruit from the first harvest had superior storage 
quality to that of the second.  

To contrast the long term storability of some of the newer cultivar releases, ripe fruit were 
collected from  Nelson, Bluegold, Bluecrop, Jersey, Legacy, Brigitta and Little Giant from 1999 – 2001 
and stored in ambient air at 0 C. Overall, Bluegold, Brigitta and Legacy performed the best, storing well 
for an average of 4 - 7 weeks. Elliott, Nelson, Jersey and Little Giant remained salable for no better than 
two weeks.   

In a broader survey from 2002 -2004, we compared the long term storage and disease resistance 
of thirty northern highbush varieties. Resistance to fruit decay was analyzed by holding the fruit at room 
temperature for 10 days after harvest and then visually examining them for presence of decay. The most 
resistant varieties to Alternaria were Aurora, Draper, Brigitta and Elliott with 3 – 7 % of their fruit 
decayed after 10 days. The most resistant varieties to Colletrotricum were Duke, Elliott, Brigitta, Bluejay, 
Toro, Aurora and Nelson (7 – 17 % decay). Bluecrop was the most susceptible cultivar to both diseases (> 
50 % decay). 

Storability was measured by holding pints of  fruit in ambient air at 0 C and examining it weekly 
until more than 50 % of the berries felt soft to the touch. The varieties with the longest storage life were 
Brigitta, Aurora and Draper which averaged 7 to 8 weeks, followed by Liberty, Nelson, Toro and Elliott 
which averaged 5 to 6 weeks. When these varieties were evaluated by a taste panel, Liberty, Brigitta and 
Draper were rated among the highest for flavor, Toro and Nelson were intermediate, and Aurora and 
Elliott were ranked lowest. 



 
Drip Irrigation Design and Equipment 

 
Bill Wolfram 

District Sales Manager 
Toro Micro Irrigation 

 
 
Abstract:  Drip Irrigation systems deliver water to a crops using a network of mainlines, sub-mains, and 
lateral lines with emission points spaced along their lengths.  Each emitter or emission point applies a 
small, precisely controlled and uniform application of water, nutrients and chemicals directly to the root 
zone of the crop. 
 
A plan/design is the first element of a drip irrigation system as this is your blue print of what you are 
going to do.  It should tell what your water source is, volume of water available and include an irrigation 
suitability water test that tells you what is in your water and how it will need to be treated.  It should also 
include a drawing and layout of the field that includes the crop, row direction, blocks or zones, how much 
water is needed per zone and what components your system will use. 
 
The design along with your dealer will help you determine what equipment, products and materials are 
used along with the quantities needed.  The other thing a designer does is determine what pipe sizes are 
required and where to put laterals and sub-mains so you have a system that is designed to give you 
uniform water, nutrient and chemical distribution. 
 
Below is a sample drawing from K-State of the components / equipment used in an irrigation system. 



 
 
 
The pump is determined by available water, the requirements of the system and what power source is 
available.   
 
Backflow prevention is required by law anytime the source water may be contaminated which is almost 
all of the time.  It prevents fertilizer and other chemicals from going back into the source water.  A flow 
meter is needed to tell you how your system is performing and in many states it is required by law for 
reporting the amount of water used.  A flow meter will also indicate if your flow is dropping off due to 
clogging and if the flow is too high that you might have an open or broken line.  Pressure gauges are also 
valuable tools as they indicate when filters need flushing and also if you have the appropriate operating 
pressure. 
 
Injection equipment allows you to inject fertilizer and water treatment or cleaning materials into your 
irrigation system.  It can be done with a venturi / Mazzei type injector or a pump depending on the 
products and quantities to be injected.  Filtration requirements are determined by the emission devices 
being used, contaminants in the water as well as the water volume. 
 
Main lines are generally PVC and used to transport water around the field to the various zones.  The size 
is determined by the volume of water required, distance and elevation.  Main lines should have air relief 
at high and end points to minimize water hammer and siphoning and should also have a means of flushing 
the line at end points for start up and in case of breaks or damage to clean them out.  Sub-mains are 
attached to the main line with a valve and are used to distribute the water to each row where it is 
distributed to the plants down laterals lines.  Sub-mains should also have a way to flush them as well as 
air relief. 
 
 



Lateral lines distribute water to the plants either by line source where the emitters are manufactured in to 
the poly-ethylene tubing on a uniform spacing or by point source where the grower places the emission 
device next to the plant.  Lateral lines come in different diameters depending on the length of run and 
flow required.  Drip Line, a line source of irrigation comes in different flow rates ranging from .33gph to 
1.0 gph and a variety of spacing ranging from 12 to 60 inches depending on the plant spacing and water 
requirements.  The hydraulics is determined by the length of run, flow and spacing of the emitter.  Lateral 
Lines are generally closed with a figure 8 fitting just by kinking the line at the end.   
 
When laying out poly-ethylene lines above ground you should be aware that poly-ethylene expands and 
contracts 0.2 percent for every 10 degree F of temperature change.  In direct sunlight black polyethylene 
hose can reach temperatures of 140°F.  For a 500 foot length of hose that under goes a temperature 
change of 80°F the hose could contract as much as 8 feet.  When stapling hose down, it should be done 
during the coolest time of the day. 
 
Systems should be checked on a regular basis and maintained or flushed as needed to prevent clogging. 
 
Drip Irrigations systems should be used as a moisture maintenance system and not a replenishment 
system such as is done with sprinklers.  Once the soil becomes dry it has to be saturated again for 
capillary action to start working properly.  Frequently some form of moisture measurement is used to 
determine when and how often to irrigate.  These instruments include gypsum blocks or water marks, 
irrometers or tensiometers and capacitance sensors.  The feel method with a soil probe works well also 
but must be done on a regular basis. 
 
For more information contact your local irrigation Dealer or Bill Wolfram at Bill.Wolfram@Toro.com.  
757-710-0320 
 



 
 
 
 
 
 

Blueberry Nutrition and Fertilization Options 
 

Eric Hanson, Department of Horticulture, Michigan State University 
East Lansing, MI 48824    hansone@msu.edu 

 
Blueberries are a high value crop, and there is a natural tendency to apply more types or higher rates of 
fertilizers with the hope of improving yield or quality. Remember, blueberries are light feeders. They 
have low nutrient requirements and are sensitive to excessive nutrient levels in the soil.  
 
Common Nutrient Problems. Nutritional problems vary by region. In Michigan, the most common 
problems are nitrogen (N) and phosphorus (P). Deficiencies of potassium (K) are less common, and 
shortages of magnesium (Mg) and most micronutrient shortages are rare.  
 
Soil pH. Many nutrition problems can be avoided by maintaining a proper soil pH. Optimum soil pH for 
blueberries is 4.5 to 5.0, but plants usually do fine a little above or below this range. If pH is above 5.5, 
leaves become chlorotic and plants lose vigor due to disrupted iron nutrition. Very acidic soils (pH < 4.0) 
can also reduce growth, but soils this acidic are not common in Michigan. Sample the soil to monitor pH 
before planting new bushes, and every few years there after.  

Apply sulfur to reduce soil pH. Do not use aluminum sulfate; it is very costly and may injure 
bushes. Measure the pH to determine how much of a reduction is needed. As a guide, 300, 600 or 1,000 lb 
of S per acre are needed to reduce pH by one unit (e.g. 6.0 to 5.0) in a loamy sand, sandy loam, or loam, 
respectively. Apply sulfur a year before planting, since it takes a season to react in soils.  Lime may help 
if pH is below 4.0, but we have not seen benefits from lime applications if pH is higher.  

Michigan water sources can be high in alkalinity or lime. Frequent irrigation with alkaline water 
increases soil pH. Several years ago we surveyed water from potential cranberry sites in Michigan and 
found an average of 146 ppm alkalinity. An acre-inch of this water contains 33 lb lime, so high irrigation 
rates applied on sandy, non-buffered soils can clearly increase pH. Have the alkalinity of your water 
sources measured so you can predict changes in soil pH.  
 
Proper Use of Nitrogen. Most blueberries require annual N applications for good production but using the 
right rate is important. Excessive applications reduce blueberry vigor, yields and hardiness. Careless use 
of N wastes money and can pollute groundwater or streams and ponds. 

Use fertilizers containing ammonium (NH4
+) nitrogen. Use urea if the soil pH is sufficiently low 

(below 5.0), and ammonium sulfate if the pH is slightly high (above 5.0). Ammonium sulfate is more 
acidifying (reduces pH) than urea. Mono-ammonium phosphate (MAP) and di-ammonium-phosphate are 
suitable N sources if P is also need, but the cost per unit if N is very high. Blended fertilizers contain 
other nutrients may also be suitable if most of the N is in the form of urea or ammonium.  

Start with low rates on young plants and increase amounts as the plants age, up to 60-70 lb N/acre 
on mature plants (Table 1). These rates may need to be adjusted by soil type. More N may be needed on 
very sandy soil with little organic matter, whereas plants on organic or fine-textures soils may require 
much less N. If the planting is mulched with sawdust, wood chips, or bark, twice as much N may be 
needed because these materials tie up N as they decompose. 

 
 



 
 

Table 1. Nitrogen Recommendations for Blueberries (lb/acre). 
Years in field N Urea Ammonium sulfate 

2 15 35 75 
4 30 70 150 
6 45 100 215 
8 65 150 300 

 
 
 

Apply N during periods of peak demand by the plants. Our recommendation is to apply half of 
the annual amount prior to bloom and the second half at petal fall. Avoid fertilizing early in the spring 
(plants can’t use it) or in the late summer or fall (may reduce hardiness).  
 
Phosphorus. Many Michigan blueberry fields are deficient in P and trends indicate the problem is 
becoming more common. Soil tests nearly always indicate P is adequate to excessive. When plants are 
deficient, leaves develop a darker green, purplish color. We need to test some strategies for correcting P 
shortages. At this point, a reasonable program for P deficient plantings is annual applications of modest 
rates (25-50 lb P2O5 per acre). Two useful fertilizers are monoammonium phosphate or MAP (11-52-0) 
and diammonium phosphate or DAP (16-48-0).  Both are expensive, but they also supply N.   
 
Potassium. K applications are usually not needed each year unless the soil is very sandy. Acute 
deficiencies cause the margins of leaves to scorch and brown as if they are drying out. Rates of 50-75 lb 
K2O per acre correct most deficiencies. Use potassium sulfate (0-0-50) or muriate of potash (0-0-60). 
Don’t apply more than 100 lb K2O as muriate because the chloride content may injure bushes. Potassium-
magnesium sulfate or Sul-Po-Mag (0-0-22-11) is a useful K source when magnesium is also needed. Leaf 
K levels are high when there is little fruit and lower when the crop load is high, because blueberry fruit 
accumulate K at the expense of the leaves. 
 
Other Problems. Magnesium deficiency is an occasional problem. Shortages cause a distinct interveinal 
coloration that becomes more pronounced later in the season. I have only seen these symptoms on very 
sandy sites.  Calcium requirements have been of interest because Ca levels affect the quality of several 
fruit types. We have not been able to improve blueberry quality or yield with Ca additions. We saw no 
benefit from foliar Ca sprays prior to harvest, or from long-term additions of lime or gypsum to a low Ca, 
low pH field. It appears that blueberries obtain adequate Ca as long as the soils are not extremely acidic 
(pH < 4.0).  Optimum leaf concentrations of micronutrients such as boron (B), copper (Cu), manganese 
(Mn) and zinc (Zn) are not completely understood. However, based on available information and field 
observations, shortages of these elements in Michigan blueberries appear to be rare. In the case of boron, 
trials have indicated that blueberries are unlikely to respond to additions if leaf levels are above 15-17 
ppm. Nearly all of Michigan plantings are above this range.   
 
Monitoring Nutrient Status 
 
Soil testing is best used in blueberries to monitor soil pH. Soil test nutrient levels only provide an estimate 
of nutrient supply and do not accurately describe whether bushes are getting enough nutrients. Sample all 
blueberry soils before planting, and sample established plantings every 2-4 years.  

Divide the farm into sampling units or areas that have uniform soil types, management history 
and variety. Farms with variable soils or history will require more sampling units to provide an accurate 
picture of the nutritional health over the farm. If the soil and history are similar, divide the farm into 10-
15 acre blocks. Sample soils anytime of year. Collect soil with a soil probe or auger from at least 20 



locations throughout the sampling unit. Sample from beneath the plants to a depth of 8 inches. Combine 
the soil in a bucket, mix, and remove a portion to send in for analysis. 
 
Leaf analysis is the best way to monitor the nutrition of blueberries. Results are a direct measure of the 
nutritional health of plants; soil tests only estimate nutrient supply. Leaf analyses can be used to diagnose 
nutritional problems and to identify developing problems before growth or yield are affected. Sample 
young plantings every 1-3 years and mature plantings every 3-5 years. The whole farm can be sampled 
every 3-5 years, or portions sampled more frequently. 

Start by defining sampling units as described above. If the farm is very uniform with large blocks 
of the same bush age and varieties, define units no larger than 10-15 acres. Sample leaves in late July to 
early August. Collect at least 50 leaves from different bushes throughout the sampling unit. Select healthy 
leaves from the middle of this year’s shoots. If the leaves are dusty, rinse them briefly in tap water, then 
lay them out on a table top until they are dry to the touch. Package leaves in clearly labeled paper bags, 
and send them to a reputable laboratory.  Use Table 2 to interpret your leaf analysis results.  
 

Table 2. Tissue Analysis Interpretation for Blueberries. 
Nutrient Deficient (<) Normal Excessive (>) 
Macronutrients (%)   
Nitrogen (N) 1.7 1.7 to 2.1 2.3 
Phosphorus (P) 0.08 0.1 to 0.4 0.6 
Potassium (K) 0.35 0.35 to 0.65 0.8 
Calcium (Ca) 0.13 0.2 to 0.6 0.8 
Magnesium (Mg) 0.1 0.15 to 0.3 0.4 
Micronutrients (ppm)   
Boron (B) 15 20-60 80 
Copper (Cu) ? 5 to 20 ? 
Iron (Fe) ? 60 to 200 ? 
Manganese (Mn) ? 50 to 350 ? 
Zinc (Zn) ? 8 to 30 ? 

 




