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INTEGRATED MANAGEMENT OF  
FRUITWORM PESTS IN BLUEBERRY 

 
Dr. Rufus Isaacs 

Department of Entomology, 
Michigan State University, East Lansing, MI 48824 

isaacsr@msu.edu    (517) 355 6619 
 
Fruitworm insects are key pests of blueberries in the Great Lakes region, causing damage and potential 
contamination of harvested fruit. There are two species of fruitworms in this complex: cranberry 
fruitworm (CBFW) and cherry fruitworm (CFW). While they have similar biology and are often managed 
using the same tactics, these insects may be active at slightly different times in the spring, requiring pest-
specific monitoring and management. This talk will focus on cranberry fruitworm since that is the most 
significant pest, with discussion of cherry fruitworm where appropriate. 
 
  It is important that effective strategies for fruitworm control are developed, transmitted to the 
industry, and adopted by growers. This presentation will report on some of the recent research at 
Michigan State University that aims to provide the Michigan blueberry industry with effective IPM 
programs for fruitworm control. This will be divided into four sections:  

1. Fruitworm biology and monitoring 
2. Degree days for timing important events 
3. New insecticides and their performance 
4. Program comparison at commercial farms 

 
1. Fruitworm biology and monitoring – how to monitor fruitworms 
Cherry fruitworm and cranberry fruitworm both overwinter in and around blueberry fields and the moths 
become active during bloom. After mating, the female moths are ready to lay eggs, and they search for 
fruit and can lay eggs in the calyx cup immediately after the first petal fall. Because fields may take some 
days to move completely through petal fall, and may contain varieties with overlapping bloom periods, 
and because bees may still remain in fields until well after petal fall, it is important for blueberry growers 
understand when to best time bee-safe insecticide applications during bloom. The first step to taking the 
guesswork out of this is to identify the start of the flight. To do this, moths should be monitored using 
pheromone monitoring traps. I consider the Large Plastic Delta, or triangle, trap made of corrugated white 
plastic to be the superior trap for this use. It may cost more to purchase, but they can survive rain, sun, 
irrigation, and even a harvester, and can be used for multiple years.  
 

Traps should be placed in the crop before bloom, with one or ideally two traps per field. Hang the 
traps high in the bush, ideally in the top third, and bait each trap with a lure specific for the target pest. 
Placement of one trap at the field perimeter with another inside the field will provide a grower with 
information on timing and distribution of the pests, and the perimeter traps should always be placed in the 
site most likely to get fruitworm pressure. This will be the site of greatest infestation last year, or up 
against woods especially those with wild blueberry. Be careful to avoid cross-contamination of 
pheromone: load lures into all the CFW traps, changing gloves and disposing of all waste, then loading 
the CBFW traps.  

 



Once the traps are out in the field, they must be checked twice a week to identify the start of moth 
flight. We have found that the first CBFW moths are caught at approx. 375 GDD base 50 (see below) 
after March 1, so traps must be out before then. Once they are in place, regular checking is needed. 
Checking twice a week or more is ideal to help pinpoint the date of biofix. To set the biofix for CBFW, 
you must identify the a period of sustained moth capture, i.e. moth captures on more than one successive 
check, and set biofix as the trap checking date immediately before sustained catch. See the Table to learn 
how to set this date. Because spring weather can rapidly change from a period of cool to warm weather, it 
is important to include some common sense in your approach to checking traps and setting biofix. If there 
are multiple days between trap checks in the period of first sustained capture and you experience a period 
of warm weather with evening temperatures above 50 oF, the beginning of this period is likely to be the 
timing of first moth captures. 

 
Table 1. Biofix for CBFW is the date of trap checking immediately before a period of sustained 

moth capture, i.e. moth captures on more than one successive check. Boxes below in gray 
indicate when the biofix should be set for each of these four sites. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Biofix is when blueberry growers should start accumulating degree days to time applications of 
insecticides against CBFW. If there are multiple days between trap checks in the period of first 
sustained capture including an obvious period of warm weather with evening temperatures 
above 50 oF, the beginning of this period is likely to be the timing of first capture and should 
therefore be set as the biofix. 
 
2. Degree days for timing sprays 

during bloom – how to time 
sprays  

For all insects, development 
happens faster at warm temperatures 
than at cool temperatures. This 
property can be used to relate 
temperature to insect development 
and allows timing of key events. In 
the case of CBFW, we are most 
interested in when egglaying by this 
pest starts because eggs and young 
larvae are key targets for 
insecticides. Our research has shown 
that egglaying by CBFW starts at 85 
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1 0 2 0 0 
2 0 0 0 3 
3 1 0 0 0 
4 0 0 0 10 
5 0 2 0 17 
6 1 5 0 25 
7 2 9 0 10 
8 4 0 5 4 
9 10 0 17 2 
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Figure 1. Control of fruitworms with Confirm applied at three 
different GDD timings, 2007. 



GDD (base 50)  after Biofix. This means that growers should plan to make applications of bee-safe 
insecticides such as Intrepid at 50-100 GDD after biofix. This is usually during bloom, but this is a highly 
effective timing for this spray to control CBFW since an insect growth regulator insecticide (Confirm or 
Intrepid) applied at this timing targets both the eggs and larvae. GDD accumulation can be tracked using a 
max-min thermometer, or by looking online at www.enviroweather.msu.edu. 

 
Our 2007 trial in Michigan demonstrated greatest activity from Confirm (16 oz/acre) when it was 

applied at at 100 GDD after biofix compared with 200 or 300 GDD (see Figure 1). The Confirm 
treatments were all followed 14 days later with another spray of the same material/rate, and the Guthion 
was applied at petal fall at 1 lb/acre and followed 14 days later with the same material/rate. Only the 100 
GDD treatment was significantly lower than the untreated, and it was similar to the Guthion treatment.  

 
3. New insecticides for fruitworm control – which insecticides work best? 
In recent years we have seen a large amount of activity from manufacturers, the IR-4 Project, and EPA 
resulting in registrations of new insecticides for fruitworm control in blueberry. This is in large part due to 
the efficacy and residue testing program run at MSU’s Trevor Nichols Research Complex (TNRC) under 
the direction of Dr. John Wise. The fruits of this program are seen in the list of new insecticides listed for 
control of fruitworms. These are in addition to the insecticides that growers have had longer experience 
with such as Guthion, Imidan, Sevin Malathion, Lannate, Asana, Confirm and B.t. The list of recently 
registered insecticides includes Intrepid (growth regulator), Assail (neonicotinoid), Delegate (spinosyn), 
Danitol, Brigade, and Mustang Max (all pyrethroids).  
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Figure 2. Control of fruitworms with insecticides, each applied three times against 
fruitworms at TNRC, 2008. Note that Altacor, Belt, and Alverde are not yet registered 
for use in blueberry 



Our trials of standard and new insecticides over recent years, such as our 2008 trial of fruitworm 
insecticides (Figure 2), shows that growers have some alternative insecticides available for controlling 
fruitworms. Many of these are more expensive than Guthion, may require more accurate timing to 
achieve control, and may be more damaging to natural enemies. However, they provide options for 
growers to integrate into their IPM program as Guthion use is restricted further by EPA in advance of the 
phase-out in 2012. 
 
4. Program comparison at commercial farms – what programs work against fruitworms?  
Fruitworms are typically controlled using a combination of insecticides that combine a bee-safe 
insecticide used during bloom with broader-spectrum insecticides used after bloom once bees are out of 
the field. We have performance of registered insecticides against fruitworms was tested this past season 
by treating three 5-10 acre fields with one of the following programs at four commercial farms:  

1) Guthion–based program 
2) Asana-based program 
3) Reduced-Risk Program including Intrepid during bloom and Delegate and Assail after bloom.  

 
We found no statistical difference between programs in the form of single-berry damage or multiple-berry 
damage during the season. We also found no fruitworm hibernaculae emerging from hibernaculae 
collected during harvest from each of these fields. These results provide confidence that alternative 
programs can provide similar efficacy to a standard Guthion program. 
 
SUMMARY 
Fruitworm management is challenging due to the different timing of cherry and cranberry fruitworm 
moths, and because identifying the start of egg laying and egg hatch can be difficult. However, by using a 
well-maintained trapping program, tracking degree days, making applications of effective insecticides at 
the right time and with good coverage, growers can have effective control of these early-season pests.  
 
Set traps out at the start of bloom, check them regularly, if moths are trapped set the biofix and apply a 
bee-safe insecticide at ~100 GDD after biofix and reapply if needed. After bloom and honey bees are 
removed, apply a broad-spectrum insecticide to protect fruit from fruitworm larvae.  
 
This talk will review these and other issues related to effective control of fruitworms in highbush 
blueberry. 
 
Links to more information 
 
The MSU Blueberry Website: www.blueberries.msu.edu 
 
Enviroweather website for current weather and degree days: www.enviroweather.msu.edu 
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Fruitworm IPM program

1. Use traps to monitor moths.

2.  Track degree days to predict 
the start of CBFW egg-laying. 

3.  Protect berries through the 
egg-laying period.

4.  Consider beneficial insects.

Integrated: Combining or coordinating separate elements 
so as to provide an interrelated whole 

• Life cycle 
• Monitoring
• Timing
• Insecticide options
• Management program

Life cycle

Cranberry fruitworm

Fruitworm egg 
development

Fresh egg

Developing egg

Ready to hatch

Fruitworm egg 
development

Fresh egg

Developing egg

Ready to hatch



Fruitworm 
larval injury

Young larva

Entry hole

Cluster damage

Monitoring for fruitworm moths

Use large plastic delta trap, baited with pheromone lure

Trap near woods, previous hot spots

Before bloom, place traps in upper fruiting zone

Check traps regularly and clear moths off, or replace insert

Keep clear records of date and # new moths trapped

Growing degree days (GDD)

• Tool for predicting insect growth and development

• Insects develop between lower and upper temperature limit

• Accumulated growing degree days are used to 
predict pest development

T
em
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Time (Days)

24 hours
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developmental 
threshold

Upper 
developmental 
threshold

Accumulated
Degree Days

Moths

Eggs

May JulJun Aug

Damage

bloom berry sizing ripening
Blueberry plant

Cranberry fruitworm moth 
flight  is during bloom

Followed by eggs, damage

Closely tied to crop development

Timing driven by temperature
accumulation, NOT the calendar

Key events can be predicted 
most  accurately by degree days 
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Using degree days to predict CBFW development

• Count degree days from March 1 (base 50 oF).

• First moths expected at ~375 GDD.

• Check traps twice a week to accurately identify biofix

• First eggs predicted at Biofix + 85 GDD.

 Trap 
check 
date 

Site 
1 

Site 
2 

Site 
3 

Site 
4 

1 0 2 0 0 
2 0 0 0 3 
3 1 0 0 0 
4 0 0 0 10 
5 0 2 0 17 
6 1 5 0 25 
7 2 9 0 10 
8 4 0 5 4 
9 10 0 17 2 
10 25 2 11 1 

Biofix = date before first sustained moth capture

Gray boxes 
indicate biofix for 
these examples



Using degree days to improve timing 

Trials to compare different timings of Confirm (2007) or Intrepid (2008) with 
Guthion (1lb) applied post bloom. All treatments reapplied 14 days later.
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How can I track degree days at my farm?

DIY: max-min thermometer 
(Max+Min/2)-50 = daily DD accumulation

Online: www.enviroweather.msu.edu
– Stations across Michigan
– Daily DD 
– Predicted DD
– Pest models
– Overnight lows

What about cherry fruitworm?
• Also has 1 generation per year 

• Slightly earlier than CBFW, and so 
can be missed if controls timed for 
the ‘major’ fruitworm.

• Use traps to monitor and identify CFW flight.

• CFW egglaying seen in mid-late May, about 
7-10 days ahead of CBFW egglaying. 

• Degree day model not yet complete for CFW. 

cranberry

cherry

2007 insecticide applications for fruitworms

Percent of treated acres
Michigan data from 2008 USDA-NASS survey

Guthion phaseout update

• EPA phaseout of Guthion through Sept 2012.

• Guthion WP yearly max. of 2.5 pounds/acre in 2009. 

• Maximum single application of 1.5 pounds. 

• 2009 is last year of aerial application.

• 7 day REI and PHI, except in U-pick fields (30 or more days). 

• Buffer zone to bodies of water:  60 ft for ground, 150 ft for aerial application. 

• Buffer zone to occupied dwellings or recreational areas is 60 ft. 

• In 2010, seasonal limit will drop to 1.5 lb, and no aerial application.

New insecticide labels for blueberry
• Intrepid 2F. Insect growth regulator, more active version of Confirm. Good residual 

control, high worker safety, safe to bees, good environmental profile. Registered for 
control of cherry fruitworm, cranberry fruitworm, obliquebanded leafroller, and gypsy 
moth. Activity on tussock moth. 16 ounces rate on the label, but 12 oz works well. 
Excellent coverage is essential. 7 day PHI.

• Assail 30SG. Neonicotinoid with wider range of pest activity that includes moth 
pests. 4.5 - 5.3 ounces per acre for cranberry and cherry fruitworms, Japanese 
beetle, blueberry maggot, and some other insect pests. Aphid and leafhopper control 
at 2.5-5.3 ounces per acre. 1 day PHI. 

• Danitol 2.4 EC. Pyrethroid insecticide labeled for cranberry fruitworm, plum curculio, 
blueberry maggot, and Japanese beetle, at 10.6-16 oz/ac. It has a 3 day PHI, 
provided high beetle control for a week when applied by aerial or ground application. 

• Mustang Max. A pyrethroid insecticide registered for leafroller control at 4oz/ac. 
Activity on other insects expected. 1 day PHI.

• Delegate WG. Same chemical class as SpinTor and is very effective against moth 
pests. Labeled at 3-6 oz per acre for armyworm, cranberry fruitworm, leafroller, and
spanworm control in blueberries, with a 3 day PHI. Spray is not safe to bees.



Fruitworm insecticides

Broad-spectrum
Guthion, Sevin, Imidan, Asana, Mustang Max, 
Danitol, Malathion, Lannate.

Selective 
Esteem, Confirm, Intrepid, B.t.’s (Dipel, Javelin etc.)

Reduced-risk
Spintor, Delegate, Assail, Entrust, Neem, Pyganic.

New insecticides
Organic insecticides

Wise and Isaacs (2006) Trevor Nichols Research Complex Efficacy Program Reports

Fruitworm control, 2006

Treatment Timing % clusters infested
7/7/06

Untreated 21.5 a

Guthion 50WP 

1.5 lb

ABC 1.5 b

Assail 30SG 
5 oz

ABC 1.5 b

Avaunt 30 WG

6 oz

ABC 0.5 b

Delegate 25 WG

4.5 oz

ABC 1 b

Treatment timing: A = 6/7 (PF), B = 6/21, C = 7/6
0 10 20 30 40 50 60

Check
Guthion
Alverde

Mustang …
Imidan
Assail

Belt
Altacor
Intrepid

Total Cluster
Single berry

Fruitworm evaluations: 
single berry 6/27
total cluster 7/7 

Fruitworm control, 2008

% clusters infested

*

*

*

All significantly different 
from the untreated

Intrepid 12 oz

*Altacor 3 oz

*Belt 2 oz

Assail 5 oz

Imidan 1.33 lb

Mustang.. 4 oz

*Alverde 16 oz

Guthion 1 lb

Untreated

* Not yet labeled 

On-farm program comparison

Advanced IPM
Intrepid (12 oz) 
50 to 100 GDD after biofix

Delegate (6 oz) 
when bees are removed

Assail (5.3 oz) 
7-10 days after 2nd app

Guthion based
Confirm (16 oz)
during bloom

Guthion (1.25 lb) 
at petal fall

Guthion (1.25 lb) 
7-10 days after 2nd app

Asana based
Confirm (16 oz) 
during bloom

Asana (9.6 oz) 
at petal fall

Asana (9.6 oz) 
7-10 days after 2nd app 

• Three fields at each of four farms

• 25 clusters/week at field borders from 
early green fruit to harvest 

• Recorded single berry and multiple berry damage 

• Stored fruit and sand were sifted after 8 weeks
to count surviving fruitworms
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On farm program comparison
Fruitworm Survival

Farm Guthion 
based 

Asana 
based 

Intrepid, 
Delegate, Assail

Grand Junction 0 0 0

Covert 0 0 0

Holland 0 0 0

West Olive 0 0 0

No fruitworm survived from fruit collected from any of the fields

Minimally-managed sites # hibernaculae

Fennville 179

Douglas 454

Fruitworm were abundant and survival was high at other sites

Fruitworm control survey at 32 fields
1-17 fields sampled per program in late June/early July
Some programs well represented, others not
100 clusters sampled per field and infestation determined

0 5 10 15 20 25

Intrepidx2, Guthion (17)

Intrepidx2, Assail (3)

Intrepid, Asana (1)

Confirm, Guthion (2)

Asana, Imidan (1)

Confirm, late Imidan (3)

Untreated (5)

% clusters infested

PROGRAM and (number of fields)

Protecting beneficial insects

• Pollinator protection is essential during bloom
– Use only bee-safe insecticides in bloom (B.t.’s, Confirm, Intrepid)

• Some pollinators active after bloom, so select least toxic 
options to conserve native bees, or spray after dark

• Natural enemies of fruitworms include: 
– parasitic wasps of eggs and larvae

– ants and ground beetles on larvae in the soil
– fungal pathogens of larvae

– others?  

Fruitworm IPM program

1. Use traps to monitor moths.

2. Track degree days to predict 
the start of CBFW egg-laying. 
(50-100 GDD after biofix)

3.  Apply effective insecticide to 
protect berries through the 
egg-laying period. 

4.  Consider beneficial insects.

www.blueberries.msu.edu

Link to weather information
Pest identification
Weekly IPM update
Fruit CAT alerts
Mark’s blueberry pages
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Choosing, Using and Taking Care 
of your 

Blueberry Irrigation System

Thomas Walters 
and 

Michael Particka

Great Lakes Fruit, Vegetable and Farm Market EXPO, 
Grand Rapids, MI  Dec 10, 2008

Drip-Micro irrigation payback wizard (new)

• http://www.dripmicrowizard.com/
• Helps you determine payback time for converting to drip 
• Inserts default expenses, or lets you substitute your own

Smart Controllers (kinda new) 
(http://irrigation.org/SWAT/Industry/)

Use Climate and/or soil data 
to deliver appropriate 
amounts of water for your 
crop. 

Smart Controllers

• Advantages
Once calibrated to your soil and crop, can reduce 
the labor involved in irrigation scheduling
Some can also detect abnormal flows, shut down 
system and notify you

• Disadvantages
Can be expensive, and some require a 
continuous subscription
Still need to be validated
Costs (initial and ongoing)

Pressure-compensating emitters 
(a little bit new)

Can allow more even 
application on undulating 
terrain
Can allow for longer runs 
by partially compensating 
for friction loss along the 
line

• Many brands and models
Some work well, some 
don’t
• Ask for documentation
• Ask for a sample, and test.

(Diagrams from Alberta Agriculture 
and Rural Development)

(not at all new)
System design and maintenance are 

CRITICAL 

WA berry irrigation systems
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• Before designing or 
modifying an irrigation 
system:

•Consult CalPoly’s
Irrigation Consumer’s Bill 
of Rights
•Know your water
•Know how to maintain 
your system
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Good irrigation keeps soil moisture in a 
narrow range Irrigation strategies: 

Blueberries and  Wine Grapes
• Blueberries

High Water Use
Shallow rooted: effective 
root depth  18” (45 cm)
Require frequent 
irrigation and constant 
monitoring
Sensitive to irrigation 
deficits, especially as 
fruit sizes

• Wine Grapes (mature)
Moderate water use
Deep rooted, if soils 
permit: effective root 
depth 3-6 feet (1-2 M)
Irrigation can be less 
frequent and deeper

Transient Irrigation Deficit Effects on 
Blueberry Yield, Vancouver WA
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Blueberry ET (Willamette Valley)

http://biosys.bre.orst.edu/bre/docs/blueberr.pdf

A soil probe is 
the simplest way 
to evaluate soil 

moisture
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Basic Irrigation scheduling: soil look and feel
• Use a soil probe to take soil samples 6 and 12 inches below the surface
• If your soil is variable, concentrate on the sandier ground, but don’t 

ignore the heavier areas
• Begin irrigating when soil at 6” depth has about 50% available 

moisture
• You’ve irrigated the right amount when the soil at 12” is just at field 

capacity.
• Longer irrigation sets will drive water down lower in the soil profile
• Mature blueberries usually have an effective root zone 18 inches deep.

HARD, BAKED, CRACKED, 
LIGHT COLOR. (1.6-2.3)

LIGHT COLOR: POWDERY, 
DRY. (1.6-2.0)

DRY: LOOSE, FLOWS 
THROUGH FINGERS. 
(1.3-1.6)

VERY DRY: LOOSE, FLOWS 
THROUGH FINGERS. 
(0.8-1.0)

LESS THAN 20% (WILTING 
POINT)

SLIGHTLY DARK, FORMS 
WEAK BALLS: CLODS 
CRUMBLE. (1.4-1.5)

SLIGHTLY DARK: FORMS 
WEAK BALL: 
CRUMBLY. (1.2-1.3)

LIGHT COLOR: WILL NOT 
BALL OR FORMS 
BRITTLE BALLS. (0.9-
1.0)

DRY: WILL NOT BALL. (0.6-
0.7)35%-40%

BALLS EASILY: SMALL 
CLODS FLATTEN OUT 
RATHER THAN 
CRUMBLE: RIBBONS 
SLIGHTLY. (1.1-1.2)

FAIRLY DARK: WILL FORM 
BALL: SLIGHTLY 
CRUMBLY. (1.0)

SLIGHTLY DARK: FORMS 
WEAK BALL. (0.8)

APPEARS DRY: FORMS 
VERY WEAK BALL OR 
WILL NOT BALL. (0.5)

50%

FAIRLY DARK: FORMS FIRM 
BALL: RIBBONS 1/4"-
1/2". (0.9)

FAIRLY DARK: FORMS FIRM 
BALL: BARELY 
RIBBONS. (0.8)

FAIRLY DARK: MAKES A 
GOOD BALL. (0.8)

APPEARS SLIGHTLY MOIST: 
FORMS WEAK BRITTLE 
BALL. (0.4)

60%-65%

QUITE DARK RIBBONS AND 
SLICKS EASILY: MAKES 
PLASTIC BALL. (0.5-0.7)

QUITE DARK: MAKES TIGHT 
PLASTIC BALL: 
RIBBONS OUT 1/2". (0.4-
0.6)

DARK: MAKES A HARD 
BALL. (0.3-0.4)

APPEARS MOIST: MAKES A 
WEAK BALL. (0.2-0.3)70%-80%

APPEARS VERY DARK, 
LEAVES SLIGHT 
MOISTURE ON HAND 
WHEN SQUEEZED: 
WILL RIBBON OUT 
ABOUT 2". (0.0)

APPEARS VERY DARK, 
LEAVES WET OUTLINE 
ON HAND: WILL 
RIBBON OUT ABOUT 1". 
(0.0)

APPEARS VERY DARK, 
LEAVES WET OUTLINE 
ON HAND; MAKES A 
SHORT RIBBON. (0.0)

LEAVES WET OUTLINE ON 
HAND WHEN 
SQUEEZED. (0.0)

100% (FIELD CAPACITY)

FINE (SILT LOAM, CLAY 
LOAM) MEDIUM (LOAM) 

MODERATELY COARSE 
(SANDY LOAM, FINE 

SANDY LOAM) 

COARSE (SAND, LOAMY 
SAND) AVAILABLE WATER 

From: http://cru.cahe.wsu.edu/CEPublications/pnw0475/pnw0475.html

Water is first taken up from upper half of root 
zone An effective irrigation replaces this water

Was it the right amount?
• If irrigation is going well, you should have

Near field capacity at the bottom of the root 
zone (18” for blueberries)
Over 50% field capacity in the upper half of the 
root zone 

More advanced Irrigation scheduling: soil 
moisture and ET methods

• Soil moisture methods
Tensiometers
Granular Matrix sensors
Soil capacitance-based methods
TDR

• Evapotranspiration-based methods (scientific irrigation scheduling)
Download ET data from regional weather stations, or generate your 
own from your own station
Convert the reference ET figures to figures appropriate for 
blackberries/raspberries
Maintain a “checkbook” of deposits (irrigation and rainfall) and
withdrawals (ET, losses below the root zone).
Because varieties differ so much in production pattern, water needs 
are also probably different. ET is only a rough guide.
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Begin irrigating when shallow tensiometers are 12-18 cb
above field capacity

20-35Clay loam 

12-20Loam, silt loam 

7-12Sand, loamy sand 

Field Capacity (cb)Soil Type

Source: Tensiometer tips for Vegetables, H. Taber, Iowa State Univ. 
http://www.public.iastate.edu/~taber/Extension/tensiometer%20tips/tens_tips.html

Checkbook irrigation
• Deposits

Irrigation
Rainfall

• Withdrawals
Plant water use (Evapotranspiration)
Percolation below the root zone
Losses due to system inefficiencies

• Limits
Maximum allowed deficit

A simple irrigation checkbook

0.000.000.001.005/7/2006

Cumulative deficitDaily deficitLossesIrrigationRainfall
Plant Water 

use (ET)Date

A simple irrigation checkbook

0.090.090.000.000.000.095/8/2006

0.000.000.001.005/7/2006

Cumulative deficitDaily deficitLossesIrrigationRainfall
Plant Water 

use (ET)Date

A simple irrigation checkbook

0.190.100.000.000.000.105/9/2006

0.090.090.000.000.000.095/8/2006

0.000.000.001.005/7/2006

Cumulative deficitDaily deficitLossesIrrigationRainfall
Plant Water 

use (ET)Date

A simple irrigation checkbook

0.04-0.960.001.000.020.065/19/2006

1.000.150.000.000.000.155/18/2006

0.840.140.000.000.000.145/17/2006

0.710.010.000.000.000.015/16/2006

0.700.020.000.000.000.025/15/2006

0.680.120.000.000.000.125/14/2006

0.550.130.000.000.000.135/13/2006

0.420.110.000.000.000.115/12/2006

0.310.040.000.000.000.045/11/2006

0.270.080.000.000.000.085/10/2006

0.190.100.000.000.000.105/9/2006

0.090.090.000.000.000.095/8/2006

0.000.000.001.005/7/2006

Cumulative deficitDaily deficitLossesIrrigationRainfall
Plant Water 

use (ET)Date
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Irrigation scheduling comments
Avoid overhead irrigation during bloom or fruit 
development
If you do overhead irrigate during these times, do 
it early in the morning, so the leaves and 
blossoms can dry
When irrigation is needed, try to irrigate 2x/week, 
minimum
Irrigate more frequently on sandy soils or 
shallow-rooted crops.

Irrigation and Water Workshop 
Series

Rust Never Sleeps
Ways to deal with iron in drip irrigation water

WA berry irrigation systems

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14

evaluation number

D
U

LQ

drip
gun
sprinkler

Non-uniformity primarily 
emitter plugging

Observed or probable iron bacteria present

Iron Bacteria
• Common in nature (extreme 

example on right).
• “Feed” on soluble (ferrous) iron in 

well water.

Iron Bacteria
• Excrete insoluble (ferric) 

iron and slime.
• Can plug emitters when 

soluble iron levels are as 
low as 0.1 ppm

Drip Water Quality guidelines 
(from Kansas State extension bulletin MF-2178)
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Testing for Iron (DIY)
•Ferrous Iron test, sometimes called Dissolved iron test: 
reacts with soluble (ferrous) iron to form a colored 
compound. More iron=more color

•Total Iron test: first acidifies the water to make all the 
iron soluble, then undergoes a similar reaction to the one 
above.

Both types of test are 
available from Hach
(www.hach.com)

Testing for Iron (outside labs)

• Local labs for iron testing (that I know of):
• Wm. F. Black Soil testing & Analysis: 360-757-6112
• Edge Analytical: 360-757-1400
• Exact Scientific Services: 360-733-1205

• For a more complete list of labs in the Pacific 
Northwest, see EB1578E “Analytical Laboratories and 
Consultants serving Agriculture in the Pacific Northwest”, 
http://wsprs.wsu.edu/AnalyticalLabsEB1578E.pdf

Controlling Iron and Iron Bacteria
• Oxidize the ferrous iron, then Precipitate and Filter

Aeration
Chlorine
Ozone
Other oxidizing agents

• Oxidize, then sequester

Aeration
• Oxygen in air used to oxidize

Waterfalls
Cascading towers
Water Spray/pond
Venturi devices

Air is free, effective. No 
chemical usage.
Takes time for iron to 

precipitate, so large settling 
ponds often used

Chlorine
• Commonly used method to 

manage iron in irrigation 
water.

• Relatively easy to meter 
accurately, and easy to 
monitor appropriate levels.

• Oxidation time depends 
upon water pH, 
temperature.

Metering Chlorine
• Add 0.6 ppm Cl for each ppm ferrous iron

Liquid sodium hypochlorite solutions are usually 5.25, 
10 or 15% chlorine.
Chlorine gas is 100% chlorine

• Often, additional chlorine will be needed to oxidize 
organic compounds, etc in the water.

• Goal is to have about 1 ppm residual free chlorine 
at the end of the system (emitters furthest from 
the pump. Use a D.P.D. test.

• Allowed for organic production.
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Hazards of Chlorine
• Chlorine gas can be FATAL after a few breaths at 

1000 ppm. 
• If using chlorine gas, exercise EXTREME 

CAUTION!
• Liquid hypochlorite + acid = Chlorine gas, so do 

NOT mix chlorine and acid solutions! Always inject 
chlorine before filters, and inject acid after filters.

Is Chlorine bad for my blueberries?
• Some plants, particularly woody perennials 

such as blueberries, are sensitive to chloride.

• Irrigation water with <105 ppm Chloride is 
generally thought to be unlikely to cause 
toxicity.

• Using the 0.6 ppm Cl / 1 ppm Fe rule, treat 
water with 15 ppm soluble iron with 9 ppm 
chlorine. This level is far below the damage 
threshold.

Is Chlorine bad for my plants?
• It is smart to look at other sources of chlorine, 

though. 
Irrigation water. 
Some fertilizers have high amounts of chlorine –
check with your fertilizer dealer
Consider checking Cl- in your soil
• check soil EC 
• Include Cl- in your soil test
• Soil salinity analysis

Ozone
• Often injected with venturi

devices
• Commonly used in 

Aquariums, Water Treatment 
plants
Very rapid oxidation, no 

residual chemicals
Many systems lack effective 

metering ability, no residual 
activity

Other oxidizing agents• Other oxidizing agents
Chlorine dioxide (very rapid oxidization)
Hydrogen Peroxide
Peracetic acid (ex: LineBlaster)

• Sequestration agents – bind iron so that it 
won’t precipitate in the system

Polyphosphates
Phosphonic acid (ex: CH20’s Sure Flow 
DS)
Sodium silicate

Don’t forget maintenance!
• Flush lines regularly

Start by flushing once a month.
If it takes more than 5 sec for the line most 
distant from the pump to run clear, you need to 
flush more frequently

• Backflush filters frequently
• Check Pressures and flows regularly
• Consider an Irrigation System Evaluation
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Want more info?
• http://mtvernon.wsu.edu/Small_Fruit_Hort/SF

berrylinks.html

Thank You!

• Funding
Washington Red Raspberry Commission
Washington Blueberry Commission
Washington Strawberry Commission




