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Crop Conditions: 

Strawberries: June bearing varieties show little winter injury at this time.  Day 
neutral varieties show somewhat more damage from the winter this year.  Some 
light fertilizer applications may help plants recover from the prolonged cold 
spring this year.  May is the time to begin scouting strawberries for insect 
problems.  Cyclamen Mite, Tarnished Plant Bug, Strawberry Clipper and Two 
Spotted Spider Mites are becoming active in fields now. See upcoming IPM 
Berry Blasts for information on the specifics how to scout and manage these 
pests. Bloom time frost protection is an important activity in the month of May. 
I’m including the annual article from Ontario about this as it is the most thorough 
write-up on the topic I’ve found. Bloom time is also an important time for 
managing fruit rot diseases like Botrytis Gray Mold.  Brambles: As fruiting 
laterals begin to expand in summer fruiting (floricane) varieties look for evidence 
of Raspberry Fruitworm.  Tarnished Plant Bug can also become established in 
these varieties as they get close to bloom.  Fruit rots like Botrytis Gray Mold can 
infect brambles during the bloom period.  An open canopy with conditions for 
good air circulation and spray penetration are best for controlling fruit rot and 
other disease.  Primocane varieties are showing some new growth. Brambles in 
tunnels are further along and should be monitored for insect pests mentioned 
above, especially two-spotted spider mite. Blueberries: Bushes will progress into 
bloom this month.  Pollination is important at this time.  Be sure that adequate 
pollinators (honey bees, bumble bees and/or native bees) are present for 
pollination.  Damage from Winter Moth appears to again be lower than usual this 
year.  Gypsy Moth, however, may reappear in some areas so keep an eye out 
during the bloom period.  Clean up application of Dipel or other B.t. products can 
still be made but no insecticide applications may be made during bloom because 
of the risk to pollinators. Look for apothecia (fruiting cups) of the overwintered 
mummy berry beneath the bushes after spring rains.  If high infections were seen 
last year, be prepared to protect against this disease this year.  Grapes: Rapid 
shoot growth happens this month. Stripping unwanted shoots from 
trunks/cordons and thinning shoots from spurs or canes is best done early before 
they are long and lignified.  Make sure all trellis repairs are done.  Monitor for 
Grape Flea Beetle, Climbing Cutworm and other early-season pests.  Early 
season spray for Phomopsis, Black Rot and Powdery/Downy Mildew are 
important on susceptible varieties where they were a problem last year. 

Support the UMass Fruit Program 

The  Best  Berry  Plants  Since  1932

Raspberry Fruitworm

https://www.oescoinc.com/
https://www.noursefarms.com/
https://securelb.imodules.com/s/1640/rd17/form/form.aspx?sid=1640&gid=2&pgid=443&cid=1121&dids=2539&_ga=2.249082567.1193738223.1525050042-629346863.1420413404
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ENVIRONMENTAL DATA 
The following data was collected on or about April 25, 2018. Total accumulated growing degree days (GDD) represent 
the heating units above a 50° F baseline temperature collected via our instruments for the 2018 calendar year. This 
information is intended for use as a guide for monitoring the developmental stages of pests in your location and planning 
management strategies accordingly. 

Region/Location GDD  
 

Soil Temp  
(°F at 4" depth) 

Precipitation  
(in inches) 

 1-week gain 2018 Total Sun Shade Since 3/1 
Cape Cod 0 4.5 52 50 0.69” 
Southeast 11 28 56 50 1.50” 
North Shore 11 37 49 43 0.19” 
East 4.5 46 50 53 0.24” 
Metro West 0.5 24.5 48 45 0.23” 
Central 3 30 43 41 0.45” 
Pioneer Valley 5 28 52 46 0.48” 
Berkshires 4 29 50 45 0.42” 

AVERAGE 5 28 50 47 0.53” 
n/a = information not available 

(Source: UMass Landscape Message #5, April 27, 2018) 

 

STRAWBERRY 
 

Irrigation For Frost Protection of Strawberries 
Pam Fisher and Rebecca Shortt – Ontario Ministry of Agriculture Food and Rural Affairs 

 
Summary 
• Frost injury can cause significant damage to 

strawberry plants, especially open bloom, but also to 
unopened buds if it is cold enough. 

• Strawberry fields are often colder at ground level 
than the weather forecast suggests. 

• Irrigation for frost protection works because heat is 
released as water freezes. 

• Irrigation rates must be adjusted to account for 
evaporative cooling due to winds and relative 
humidity. More water is required on windy nights. 

• Failure to apply enough water can result in greater 
damage than no irrigation at all. 

• When to start up the irrigation is critical. Two tools 
can determine the optimum time for starting frost 
protection: dew point, and wet bulb temperatures. 
Use the dew point and table 5 to determine the 
temperature at which to start irrigation. Alternatively 
measure the wet bulb temperature; irrigation should 
start before the wet bulb temperature reaches the 
critical temperature (table 1). 

• Dew point is also useful in predicting the lowest 
expected temperature, and how quickly the 
temperature will drop. 

• In general, the start temperature for frost protection is 
higher when the humidity is low; the start 
temperature for frost protection is lower when the 
humidity is high. 

• Where row covers are used, irrigation can take place 
over the cover. Information on temperatures under 
the cover can be determined by using digital 
thermometers and thermocouples. 

Introduction 
There's nothing colder than a strawberry field on a frosty 
spring night. Strawberry plants bravely bloom in early 
spring, often before the last frost. The blooms are close to 
the ground, and the ground, covered with straw, doesn't 
provide much heat. That's why many strawberry growers 
pull a few all-nighters each spring to run the irrigation 
system and use a thermodynamic principle to protect their 
crop from frost injury. 

This paper will describe types of frost, frost injury, and 
how irrigation can be used to protect strawberry plants 
from frost injury. 

Symptoms of Frost Injury 
Frost occurs when the temperature around the plant drops 
below 0°C (32°F). At this temperature, pure water forms 
ice crystals on surfaces that have fallen below the freezing 
point of water. 

Plant sap is not pure water; therefore strawberries have a 
lower freezing point than 0°C (32°F). When the critical 
temperature (Table 1) is reached, crystals form and 
damage cell membranes allowing cell fluids to leak out. 

Frost can kill flowers outright, or injure them enough to 
cause misshapen berries. When a flower is injured by 
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cold, the pistils are killed first. If killed after pollination, 
then embryos do not develop. A seedy spot on the berry 
forms, with hollow seeds. Sometimes fruit cracks at the 
bottom. Leaves can also be injured by the frost, especially 
when they are growing vigorously and very tender. The 
edges or tips of leaves blacken, and then dry out. 

Frost usually damages the biggest and earliest bloom. 
This represents the best and most lucrative part of the 
berry crop, because prices are highest at the beginning of 
the season. Further, the first flowers to open produce the 
largest fruit. If 5 percent to 7 percent of the flowers are 
lost, and these flowers are mostly king bloom, the total 
crop will be reduced by 10 to 15 percent. 

Critical Temperatures for Frost Injury 
Bloom and flower parts are most susceptible to freezing 
temperatures. 
Table 1. Critical temperatures of strawberries based on stage of 
development (Perry and Poling, 1985) 

Stage of Development Approximate Critical 
Temp. °C ( ̊F) 

Tight bud -5.5 (22 ̊F) 
"Popcorn" -2.2 (26 ̊F) 
Open blossom -1.1 (30 ̊F) 
Fruit -2.2 (28 ̊F) 

 
These temperatures are tissue temperatures, and a degree 
or two lower than the critical air temperature in the plant 
canopy. There are many variables that affect the actual 
critical temperature for a given plant and the amount of 
injury. 

• Duration of cold  
• Growing conditions prior to the cold event  
• Cultivars: (because of plant habit, or avoidance, 

rather than genetic differences)  
• Stage of development  
• Super cooling (in the absence of ice nucleation 

points, plant sap can cool below the freezing point 
without forming ice crystals)  

• Soil type and condition (moist dark soil holds more 
heat than dry light soil) 

 

 
Figure 1: Frost-injured strawberry bloom 

 

 
Figure 2: Misshapen berries resulting from blooms which 
are partially damaged by frost 
 

 
Figure 3: Frost injury on strawberry leaves 
 
Understanding Heat Transfer 
Cold conditions occur when heat is lost. Cold can not be 
added, only heat can be removed. 

Heat can be transferred by:  
• Conduction: transfer of energy within an object or 

system. Metal is a good conductor, water is a good 
conductor, but air is a poor conductor of heat. Ice is a 
good conductor. 

• Convection: Transfer of heat by movement and 
mixing of liquid or gas. Most air is warmed by 
convection. 

• Radiation: Is the transfer of energy through free 
space without a transporting medium. We receive 
energy from the sun by radiation. Objects on earth 
also radiate energy back to space. 

• Changes in state: When water molecules change 
state, from gas to liquid to ice, heat is released. This 
potential energy is called latent heat. It is not 
measured by a thermometer, until it is released by a 
change in state of the water. 

When water condenses, cools or freezes, the temperature 
around the water rises as latent heat is released. Water 
changing to ice on the surface of a plant will add heat to 
that plant. Conversely, when ice melts, or water 
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evaporates, the temperature around the water is cooled, as 
heat moves to the water. Water evaporating from the 
surface of a plant will draw heat from that plant. 

Table 2. Heat exchange due to changes in state: Positive 
signs indicate the water is cooling or freezing and air is 
warming. Negative signs indicate water is warming or 
evaporating and air is cooling 

Change in state Heat exchange 
(calories/gram) 

Water freezes at 0°C ( 32°F) +79.7 
Water evaporates at 0°C (32°F) -597.3 
Water condenses at 0°C (32°F) +597.3 

 
Energy Budgets 
During the day, the sun warms the soil and solid objects, 
i.e. crops. When these objects become warmer than the 
air, they pass heat to the air by conduction. This warm air 
is less dense, and rises, and is replaced by cooler air from 
above. This mixing of air is how the lower atmosphere is 
warmed. Normally, air near the surface of the earth is 
warmer than the air above it. Crops also radiate heat to 
outer space. Some of this energy is reflected back to the 
earth by clouds and C02 in the atmosphere. 

At night, there is no incoming radiation from the sun. If 
the atmosphere is clear, there is little heat reflected back 
to earth. The soil and crops continue to radiate energy out 
to space. Temperatures drop near the earth's surface, 
forming a layer of air that is colder at the bottom and 
warmer at the top. If a wind or breeze is present, the warm 
air and cooler air are mixed. But on a still night, 
especially when the air is dry, the air temperature at 
ground level is coolest, and the temperature increases 
with height up to a certain level. Because this situation is 
the opposite of normal daytime conditions, the term 
inversion is used to describe these conditions. 

Objects can radiate heat faster than the air around them. 
Frost can form on the roof of a building or the hood of a 
car when air temperatures are still a degree or two above 

zero. Strawberry blooms can also radiate heat quite 
quickly on a clear night. 

Important Facts about Weather 
Although the terms "frost" and "freeze" are used 
interchangeably, they describe two distinct types of cold 
events. 

An advective, or windborne freeze, occurs when a cold air 
mass moves into the area, and brings freezing 
temperatures. Significant wind occurs as the cold front 
moves in. the thickness of the cold air layer is 500-5000 
feet deep. It is difficult to protect crops from frost injury 
when these conditions occur. 

A radiation frost, occurs when a clear sky and calm winds 
allow an inversion to develop and temperature near the 
surface of the earth drop below freezing. The thickness of 
the cold air inversion is 30-200 feet (with warm air 
above). 

Microclimate monitoring 
Air temperatures referred to in weather reports and 
forecasts are measured 5 feet above the ground. 
Temperatures can be much colder at ground level and 
even colder in the low parts of the field. Cloud cover and 
wind speeds are also important factors to consider when 
determining the risk of frost. 

Use max/min thermometers to monitor the low 
temperatures in your fields. Compare these to the forecast 
lows. In cloudy breezy weather, forecast lows are likely to 
be similar to the observed low in a region. On clear calm 
nights, especially in a strawberry field, the observed low 
can be much lower than the forecasted low. 

You can also use max/min thermometers to compare the 
temperatures at several locations on your farm on a given 
night. After several observations you will know just how 
much colder each field is compared to your back yard. A 
frost alarm can be installed in a convenient location if you 
know how much colder it gets in the field. 

 
Table 3. Characteristics of a radiation frost and an advective freeze 

Radiation frost Advective freeze 
Calm winds ( less than 5 mph) Winds above 5 mph 
Clear skies Clouds may exist 
Cold air 30-200 feet deep Cold air mass 500-5000 feet deep 
Inversion develops: air next to the ground is cooler than air above it. Protection success limited 
Cold air drainage occurs - 
Successful frost protection likely - 

 
Factors affecting the risk of frost 
Cold air is heavier than warm air, and it sinks and flows 
across a field like water. It also piles up where 
obstructions block its flow to a lower area. Road banks, 
hedge rows, berms are examples of obstructions to cold 
air flow. Cold air will drain from elevated areas, to lower 

storage areas, such as a large body of water. Strawberry 
fields on sloping fields, or in generally elevated areas, are 
less prone to frost damage. Be aware of frost pockets 
within the field. 

Remove obstructions at the lower end of the field to 
improve air drainage. Windbreaks should be designed to 



 5 

slow the wind, not block all air movement. To allow air 
drainage through a windbreak about 50% air space at the 
bottom of the windbreak is recommended. 

Soil moisture and compaction can have a significant 
effect on temperature. A moist compact soil will store 
more heat than a loose dry soil and therefore has more 
heat to transfer to the crop at night. Cultivation just before 
a frost can increase the risk of injury, because the soil is 
looser and drier after cultivation. Soil under a grassy 
cover crop will hold more heat if the grass is mowed 
short. 

Irrigation for Frost Protection 
Most growers rely on sprinkler irrigation for frost 
protection. When water from sprinklers turns to ice, the 
heat released protects the plant from injury. As long as a 
thin layer of water is present, on the bloom or on the ice, 
the blossom is protected. (This is important. It's not the 
layer of ice that provides the protection. It's the water 
constantly freezing that keeps the temperature above the 
critical point.) 

System specifications 
• Make sure the sprinkler irrigation system has the 

capacity to irrigate the whole field at one time. 
• Use sprinkler heads designed for frost protection. 

These have low output nozzles, made of metal rather 
than plastic, and the spring is covered to prevent 
freeze-up. Sprinkler rotation should be rapid, at least 
1 revolution per minute. The back nozzle should be 
plugged (Figure 4). 

• Spacing of risers should not exceed 30-60% 
(depending on wind conditions) of the area wetted by 
each sprinkler. Generally an off-set pattern provides 
more uniform coverage than a square or rectangle, 
but this really depends on the nozzle and sprinkler 
you are using. The Center for Irrigation Technology 
has developed a program called SPACE, which 
predicts the distribution of water from the sprinklers, 
and calculates the efficiency of different designs. 
Tools like this are used by irrigation supply 
specialists who can help design your system. 

• Traditional spacing is 60' by 60', not as many 
sprinklers required, but it takes longer for sprinklers 
to cover area. In areas where many advective freezes 
occur, with winds, a spacing of 30' x 30' is 
recommended. 

• Need enough water on hand to irrigate for several 
nights in a row. 

For example: For 1 acre, you need about 60 gallons per 
minute, to irrigate 0.125 inch/acre/hr. This is 3600 gallons 
per hour. If irrigation is required for 10 hours, you need 
36000 gallons per night. Plan to irrigate for several nights 
in a row. 

 
Figure 4: Sprinkler used for frost protection with back 
nozzle plugged 

How much water to apply 
The amount of water applied per hour is based on the 
amount of wind and the temperature (Table 4). Higher 
water application rates are required on windy nights, or 
when humidity is low because considerably more energy 
is removed when a gram of water evaporates than is 
added when a gram of water freezes (Table 2). A rate of 
0.1 inch/hour is considered adequate to protect to -4.4°C 
(24°F) with no wind. When the water is frozen on the 
plant the ice should be clear, which indicates that there 
was enough water applied. If the ice is cloudy or milky 
white, the water application rate is not fast enough to 
protect the flower (Figure 5). In this case you can increase 
the water application rate by reducing the sprinkler 
spacing or changing to higher flow rate nozzles. At wind 
speeds above 16 km/hr or at temperatures below -6.7°C 
(20°F) sprinkler irrigation can do more harm than good 
because of rapid freezing. 

When to start irrigation 
To successfully use irrigation for frost protection, growers 
need information about the dew point. Dew point is 
especially important in determining the irrigation start-up 
point. 

The dew point 
The dew point is the temperature at which moisture 
condenses from the air to form dew. The dew point is 
related to relative humidity: when the air is humid the 
dew point occurs at a higher temperature than when the 
air is dry. Once dew begins to form, the air temperature 
begins to drop more slowly. When temperatures reach 
freezing, the dew turns to frost. 

Dew points are available from agricultural weather 
forecasts, e.g. 

• Environment Canada - provides current dew points 
and other current weather conditions, for certain 
locations 

• Farmzone.com - provides forecasted dew points 
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Figure 5: Strawberry bloom coated in clear ice  
 
What is the significance of dew point? 
Growers can use dew points to estimate how quickly the 
temperature might drop in any given night. Once dew 
begins to form, the air temperature drops more slowly 
because heat is released. Frequently, the nighttime 

temperature drops to the dew point, but not much below 
it. Sometimes the dew point is referred to as the basement 
temperature. 

If the air is dry, then the dew point will be low. If the dew 
point is below 0°C (32°F), frost forms instead of dew. 
Black frosts occur when temperatures are below freezing 
but above the dew point. Don't wait for frost to form 
before starting the irrigation system (especially when the 
humidity is low). 

Wet bulb temperature 
Sometimes the term wet bulb temperature is used to 
determine when to start up irrigation systems. The wet 
bulb temperature represents the temperatures a wet 
surface will cool to as the water evaporates. A wet bulb 
thermometer is covered with clean muslin soaked in 
distilled water. Air is passed over the bulb; the water 
evaporates, reducing the temperature around the 
thermometer. 

If wet bulb temperatures are available, these can be used 
directly to determine when irrigation should begin, and 
when the system can be shut off. Start irrigation just 
before the wet bulb temperature reaches the critical 
temperature (Table 1). 

 
Table 4. Inches of Water/Acre/Hour to Apply for Protection at Specific Air Temperatures and Wind Speeds (Martsoff 
and Gerber, Penn State University) 

Wind speed at crop height 
(km/hr) 

-2.8°C (27°F) air 
temperature at 

canopy 

-4.4°C (24°F) air 
temperature at 

canopy 

-6.7°C (20°F) air 
temperature at 

canopy 

-7.8°C (18°F) air 
temperature at 

canopy 
0-2 0.10 0.10 0.16 0.20 
3-6 0.10 0.16 0.30 0.40 
7 – 14 0.10 0.30 0.60 0.70 
15 – 19 0.10 0.40 0.80 1.00 
20 – 35 0.20 0.80 - - 

 
 
Table 5: Suggested starting temperatures for irrigation, 
based on dew point. The lower the dew point, the sooner 
you should start to irrigate. 
 
Dew Point Suggested starting air 

temperature 
-1.1°C (30.2 ̊F) 0°C (32.0 ̊F) 
-1.7°C (28.9 ̊F) 0.5°C (32.9 ̊F) 
-2.8°C (26.9 ̊F) 1.1°C (34.0 ̊F) 
-3.8°C (25.2 ̊F) 1.6°C (34.9 ̊F) 
-4.4°C (24.1 ̊F) 2.7°C (36.9 ̊F) 
-5.5°C (22.1 ̊F) 3.3°C (37.9 ̊F) 
-6.7°C (19.9 ̊F) 3.8° C (38.8 ̊F) 
-8.3°C (17.1 ̊F) 4.4°C (39.9 ̊F) 
 
When to stop irrigation 

Irrigation can be stopped when ice on the plants begins to 
melt, usually after sunrise. Monitor carefully to make sure 
that the ice continues to melt and the temperature remains 
above freezing. Changes in wind speed could change 
temperatures near the plant surface. Irrigation should be 
started up again if water begins to freeze. 

Ice does not have to be completely melted. The plant 
temperature will warm up as the sun rays hit the field. 
When the ice can be sloughed off the plant, you know that 
plant temperatures are above freezing and the water next 
to the pant has started to melt. At this point, you can turn 
off the irrigation water, usually around 7:30 or 8 am. 

The best way to know when to turn off the irrigation is to 
monitor plant tissue temperatures beneath the ice. Digital 
thermometers, attached to thermocouples inserted into the 
plant tissue can indicate when plant temperatures begin to 
warm up above the critical temperature. 
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Negative side effects 
One negative side effect of irrigation for frost protection 
is increased potential for disease outbreaks. Angular leaf 
spot is a bacterial disease that is spread by splashing rain 
or irrigation, and seems to get established in frosty 
conditions. Anthracnose, which can cause fruit rot, 
generally likes warm humid weather. However, even 
during cool periods, it will spread by water splashing on 
the plants and, after establishing itself, it will thrive when 
warm weather arrives (Figure 6). 

Root rots, such as red stele, thrive in saturated soil 
conditions. Outbreaks of red stele and other root rots have 
occurred after long periods if irrigation for frost 
protection. The sites most suited for frost protection by 
irrigation are well drained sites with sand or sandy loam 
soils. 

 
Figure 6a: Angular leaf spot 
 

 
Figure 6b: Anthracnose fruit rot 
Figures 6a, 6b: Splashing water can spread diseases like 
angular leaf spot and anthracnose fruit rot 
 

 
Figure 7a: Standing water and water-saturated soil in a 
strawberry field 
 

 
Figure 7b: Water-saturated soils favor root diseases such 
as red stele. 
 
Disease and fungus can be limited by reducing the water 
applied. Water volumes can be reduced by: 

• Low application rates / nozzles  
• Stopping when ice begins to melt, not when all the 

ice is melted. 
• Monitor the weather to irrigate only when needed. 
• Using row covers. This can delay the start up time for 

irrigation by several hours. 

Row Covers 
Row covers reduce evaporative cooling and the rate of 
cooling under the cover. According to vendor's 
information, the heavier weight covers (1.5-2 oz/yd2) can 
protect 4-6 degrees, but this varies both with the weight 
and between manufacturers. They do buy time on a frosty 
night. 

When frost protecting with irrigation and row covers, you 
need to know plant temperature under the cover. Start 
when temperatures under the cover drop to 0.6 - 1.1°C. 
Irrigate right over the cover. Stop when plant 
temperatures start to climb. Digital thermometers attached 
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to thermocouples, inserted in the flower buds before the 
frost event, are necessary for successful protection with 
covers. 

Research suggests that 2 layers of 1 oz cover provide 
more protection than 1 layer of 2 oz material. Research on 
the use of low impact sprinklers, i.e. mini-wobblers, is in 
progress. These sprinklers, widely used in the ornamental 
industry, wet a smaller diameter, use lower pressures, and 
are less prone to freezing. By using irrigation and row 
covers it may be possible to frost protect in adverse 
conditions. 

Related Links 
• Environment Canada  

• Farmzone.com  
• Frost/Freeze Protection for Horticultural Crops,North 

Carolina State University Horticulture Information, 
Leaflet 705  

• Rainbird Agricultural Irrigation - Technical 
resources, specifications 

• Center for Irrigation Technology Technical 
resources, SPACE program 

• Biometeorology Program, Atmospheric 
Science, University of California - web site with 
tables, theory, course on biometeorology 

• Berry agent, North Carolina State University  
(Source: OMAFRA Factsheets at: 
www.omafra.gov.on.ca/english/crops/facts/frosprot_straw.htm) 

 
Tarnished Plant Bug 

Sonia Schloemann, UMass Extension 
 
ID/Life Cycle: The tarnished plant bug (TPB) is a small 
bronze colored insect with a triangular marking on its 
back. It is a ‘true bug’ with piercing/sucking mouthparts.  
The immature stage, or nymph, is smaller and bright 
green, resembling an aphid, but much more active.  TPB 
is a ubiquitous feeder with a wide host range.   

Tarnished plant bug overwinters in protected areas such 
as leaf litter, plant debris, hedge rows and brush piles. 
Adults become active and lay eggs in grasses, broadleaf 
weeds, and in strawberries in early to mid-May. The eggs 
hatch to nymphs in 7-10 days depending on the 
temperature. The nymphs may be present on the plants as 
early as the second week of May. The first observation of 
nymphs usually occurs during full-bloom period of mid-
season flowering cultivars. Nymphs undergo 5 stages of 
development. There are several generations per year. 

 
(TPB nymphal instars. Photo from Ontario Crop IPM website at 
www.omafra.gov.on.ca/IPM/english/index.html) 

Damage: This is the most significant insect pest in 
strawberries. Both adults and nymphs feed on the 
developing flowers and fruit, sucking out plant juices with 
straw-like mouth-parts. This results in deformed fruit: 
typically “cat-faced” berries, also called nubbins or button 
berries. Such fruit are generally unmarketable. Damage 
can cause significant crop loss. 

 

Management 
Monitoring:  Monitor for TPB nymphs by shaking flower 
trusses over a white surface and counting the number of 
nymphs present.  At each of five sites per field, shake 10 
flower clusters over a white pan or paper to dislodge the 
nymphs. The action threshold for nymphs is 0.15 nymphs 
per blossom cluster.  At this level, control measures can 
be applied to maintain berry quality and yield before too 
much damage occurs.  White sticky traps are available for 
monitoring tarnished plant bug adults. These traps are 
used as an indicator of plant bug activity in the spring and 
a relative indication of their abundance, not as an 
indication of when to control this insect.  

Control strategies 
Cultural/Biological: 
• Control weeds in and around the planting to reduce 

populations of this insect. 
• Avoid mowing nearby fields during bloom or early 

fruit development.  
• Avoid planting strawberries near alfalfa, which 

attracts high populations of TPB.  
• Preserve natural enemies whenever possible by 

selecting spray materials that are less toxic to 
beneficials.   

Chemical: 
• Apply recommended insecticides if threshold levels 

are exceeded.  
• DO NOT APPLY INSECTICIDES DURING 

BLOOM. 
• If repeat applications are needed, rotate insecticides 

from different IRAC groups to reduce the chance of 
resistance development in the pest. Group 
designations can be found on product labels.  
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Conventional 
Assail 30SG acetamiprid @ 4.0-6.9 oz/A 
Beleaf 50SG flonicamid @ 2.8 oz/A	
*Brigade WSB bifenthrin @ 6.4-32 oz/A 
*Danitol 2.4 EC fenpropathrin @ 10.6 fl oz/A	
Rimon 0.83EC novaluron @ 9-12 oz/A	

* restricted use material	
 
Organic 
Aza-Direct azadirachtin @ 1-2 pt/A 
AzaGuard azadirachtin @ 10-16 fl oz/A 
Azera azadirachtin, pyrethrins @ 1-3.5 pt/A 
Mycotrol O Beauvaria bassiana strain GHA @ 0.25-1 qt/A 
PyGanic 1.4 ECII pyrethrin @ 16-64 fl. oz/A or  

No product endorsement over like products intended.  
Always read the label prior to use. 

 

 
 (Sampling for TPB nymphs. Photo from Ontario Crop IPM 
website at www.omafra.gov.on.ca/IPM/english/index.html)  

Click here for more excellent images of TPB from 
Ontario. 

 
Strawberry Disease – Fruit Rot Protection Begins at Bloom 

Cassandra Swett, (formerly of) University of Maryland 
 
The strawberry bloom has begun and it’s time for fruit rot 
protection. Our two main targets for bloom time 
protection of strawberries are gray mold/ Botrytis fruit rot 
(Botrytis cinerea), and, if you are growing susceptible 
varieties like Chandler, anthracnose fruit rot 
(Colletotrichum acutatum).  

Left: gray mold; right: anthracnose fruit rot. 

Fungicide Efficacy 
Most fungicides are labeled for both pathogens, but if 
your main target is gray mold, you need to consider that 
the fungus has become resistant to several fungicides. If 
you use fungicides that the pathogen is resistant to, you 
will have no protection—it’s essentially like missing a 
spray. Based on the fungicide resistance tests that Guido 
Schnabel conducted with Botrytis from Maryland, Topsin 
M is ineffective and at some sites, Scala is also 
ineffective. 

Spray Guidelines to Manage Fungicide Resistance 
Here's a strawberry spray guide that manages fungicide 
resistance, when your main objective is gray mold 
(Botrytis) protection: 

1. Pre-bloom (crown rot protection) 

Spray every 7-10 days 
Rotating: Captan 50 WG or 80 WDG (group M) 
With: Rovral 4F 

 (Group 2) —this compound can only be applied once, 
and only pre-bloom 

2. Early Bloom (10%) to fruit set 
Spray every 7-10 days 
Rotating:  Elevate 50 WDG (group 17), CaptEvate 
(group M + 17), Switch 62.5 WG (group 9 + 12), Fontelis 
(group 7), Scala (group 12) and Pristine WG (group 7 + 
11)  
With: Captan, Thiram 24/7 or Thiram Granuflo (both 
group M) 

An example: Captan+Fontelis, then  Switch, then Captan, 
then Pristine, then Thiram, then Elevate, then Captan  

3. After fruit set: 
Spray every 7-10 days 
Rotating: Captan and Thiram (both group M) 
With: CaptEvate (group M + 17), Elevate (group 17), or 
Fontelis (group 7) -each applied only once during this 
interval. 

Rates 
For every compound, there is a range in the rate you can 
apply. For fungicides at risk of resistance (Switch, 
Pristine, Rovral, Scala), the lower rate is always 
recommended. For fungicides that are not at a high 
chance of resistance (Elevate, Fontelis, Captan, Thiram), 
the amount you apply should be adjusted, in part, based 
on how high disease pressure is. If it rained at least once 
since your last spray, and temperatures are between 65 
and 75⁰ F, you will want to use the higher concentration. 

http://www.omafra.gov.on.ca/IPM/english/strawberries/insects/tarnished-plant-bug.html
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If, in contrast, it’s been cooler than 65, warmer than 75 
and / or dry, use the lower rate.  

Timing 
The same goes for how often you spray. We get a lot of 
rain this time of year, and every time it rains the fungus 
has a chance to infect plants. So long as it’s raining about 
every week, plan to spray every 7-10 days. 

Tips: 
Control is improved when you rotate between Fontelis 
and Switch and when you tank mix Fontelis with Captan. 

One of the compounds in Pristine is the same FRAC 
group as Fontelis, so don’t use these sequentially. 

Switch and Pristine are both highly effective, but are at 
high risk of resistance if they are used too often. Because 
of this, it is recommended that they are only used ONCE 
each year. 

 

What about non-synthetic chemicals? 
There is some interest in using non-synthetic chemicals 
for fruit rot control, as a rotation with synthetic chemicals, 
especially in post bloom control, and for organic 
management. One such compound is Regalia, a plant 
extract labeled for use on gray mold and anthracnose fruit 
rot in strawberry. Trials are lacking for strawberries, but 
in grape Regalia can be as effective as Pristine against 
Colletotrichum, and is moderately effective against 
Botrytis. In trials in California, disease control with 
Regalia is best when rotated with conventional 
compounds. We will be doing work on strawberry starting 
this year to evaluate Regalia and other bio-pesticides / 
biologicals, so we should have more information on this 
in future years. [Editor’s Note: Be sure to read and follow 
all label instructions and restrictions.  For example, the 
Fontelis label says it may not be used on ‘Clancy’, 
‘Jewel’, and ‘L’Amour’ cultivars] (Source: PA Fruit 
Blog) 

 
Strawberry Planting and Other Basics 
Kathleen Demchack, Penn State University 

 
A successful strawberry planting hinges on getting the 
basics right at planting time. If you can pay attention to 
the basics, you are well on your way to having a vigorous 
planting.  

 
Different dormant plant sizes. Photo: K. Demchak, Penn State 

Here are a few of the things that are most important when 
it comes to establishing a healthy planting: 

Soil conditions 
Working the soil when it’s not quite dry enough is 
probably one of the worst things you can do for your 
strawberry plants. In a friable soil with good structure, the 
plants’ roots will make good soil contact, which allows 
plants to take up the moisture and nutrients that they need 
to grow. 

Plants planted in cloddy soils just won’t grow well, in part 
because of poor root contact, but also because it is 
difficult to set the plants at the correct height. Either the 
plants settle too much, and soil washes into the crown 

making it rot, or the plants end up perched too high, and 
the roots become exposed and dry out. Neither scenario 
ends well. And of course, improving the soil organic 
matter content is something that helps with soil structure 
and drainage, so that is something to factor into crop 
rotations for the long haul. 

Moisture! 
This means making sure beds are trickle-irrigated in 
plasticulture plantings before planting, and then giving 
them a day or two to drain before planting. Planting is a 
lot easier when the beds are nicely moist, not dry or 
sopping wet. Keeping the plantings well-watered in dry 
spells will allow the plants in matted-row plantings to 
produce enough runners to fill in the beds, and will make 
it easier for the runners to root. It will also keep those 
plasticulture plants humming along. 

Planting stock 
One critical point with dormant plants is to leave the 
plants at the nursery until you are ready to plant, unless 
you have storage facilities that don’t have apples in them 
and where the plants can be kept very cold (30-31 
degrees). If the plants are held at warmer temperatures for 
even a couple of extra weeks, they are using carbohydrate 
reserves just to stay alive that they should have been 
putting into growing leaves and roots, plus they tend to 
send out leggy leaves that get broken off at planting. 

A second point is to order a few more plants than you 
need, and give yourself the option of discarding very 
small ones. It seems that some smallish plants often are in 
the orders, but very small weak plants seen to spend a 
good part of the summer growing to the size they should 
have been in the first place, when instead they should be 

https://extension.psu.edu/strawberry-disease-fruit-rot-protection-begins-at-bloom
https://extension.psu.edu/strawberry-disease-fruit-rot-protection-begins-at-bloom
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producing runners to fill in the row in matted-row 
plantings, and branch crowns to increase yields in 
plasticulture ones. In matted-row plantings, those early-
rooting daughter plants will provide much of the yield for 
the following year. 

In plasticulture, a higher proportion of the small plants 
don’t survive if planted, and those that do produce lower 
yields, resulting in a decrease in overall yields. It takes 
just as much (or more) time and money to take care of a 
partially filled weak bed as it does to take care of a 
vigorous one, and the payback is worse. In this photo, the 
two plants on the left would be fine to use, while the one 
on the right, only measuring about ¼” in diameter, is too 
small. 

Nitrogen (in moderation) 
Notice that your plants aren’t looking so green, or aren’t 
growing all that well? First, makes sure there is sufficient 
moisture in the soil, and if lack of moisture isn’t the 
problem, 20-25 or so pounds of nitrogen per acre in 

matted row plantings, along with enough water to give the 
plants a good drink, often makes them jump. Apply the 
recommended fertilizer rates (according to your soil test 
results, of course!) at planting, and then fertilize when the 
first runners start being produced, and again in mid-
August. In plasticulture plantings of June-bearers, the rule 
of thumb is still 60 pounds per acre of nitrogen pre-plant 
incorporated before planting, and 30 pounds of nitrogen 
per acre in the spring. For day-neutrals, 60 pounds per 
acre pre-plant and 1 pound of nitrogen per acre per week 
during the growing season has worked well. 

The bottom line is that if the planting starts out vigorous, 
you won’t have to spend money and time trying to coax it 
along later. Chances are that the plant growth will outpace 
much of the damage from diseases and insects, and 
competition from weeds. All of this together makes 
planting care easier in the long run, and helps ensure a 
good return on your investment.  (Source: Penn State 
Fruit Times, April 28, 2017) 

 

 

RASPBERRIES/BLACKBERRIES 
 

Raspberry Fruitworm 
Sonia Schloemann, UMass Extension 

 
 
Identification: The raspberry fruitworm is a small (1/4”) 
brown somewhat hairy beetle which feeds on the flower 
buds and leaves of raspberry plants during the spring and 
early summer. Female beetles lay eggs on the flowers and 
green fruit. The larvae that emerge are yellowish white, 
and feed on the fruit, attaining about 3/8” in length. 

 

Damage:  The main damage is to fruit by larval feeding 
between the fruit and the fleshy receptacle.  Many of the 

flowers and fruit can be 
destroyed by this insect, 
and the larvae may end up 
in the harvested fruit, 
greatly reducing customer 
appeal. Leaf damage can 
also occur from adult 
RFW feeding along the 
edges of folded leaves as 
they first emerge.  This 
leaves elongated holes in 
the leaves as they expand. 

 

 

 

 

(Photos: left, early season foliar damage; middle, larvae inside 
fruit; right, adult beetle feeding on flower bud. Credit: 
Washington State University Whatcom County Extension 
publication IPM for Raspberry Beetle) 

Life Cycle: RFW overwinter as adults in the soil emerge 
in the spring between mid-April and mid-May depending 
on soil temperatures. The adults feed on leaves, often on 
the new primocane leaves, but in areas of high 
populations they will also feed on upper floricane leaves. 
Adults are then attracted to flower buds and blooms 
where mating and, subsequently, ovipositing 
occurs.  Larvae (or fruitworm) emerge from the eggs on 
the flower or immature fruit and begin feeding on the 
receptacle. The larvae will remain in the receptacle until 
the fruit is harvested or falls to the ground at fruit 
maturity in late summer. Pupae are present in the soil in 
late summer to early autumn. Adult beetles emerge from 
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the pupae in late autumn and remain in the soil until the 
spring. 

Management 

Scouting Notes: There is some evidence suggesting that 
this insect is more of a problem in weedy plantings. If 
early damage is noted, (e.g., small holes chewed in flower 
buds and skeletonizing of leaves), cover sprays should be 
applied prior to bloom. Adults (beetles) tend to be most 
active and noticeable on plants in the early evening 
hours.  Rebell® Bianco white sticky traps placed at 20 

yard intervals on the periphery of the field can be used to 
monitor adult populations. Check traps weekly. 

Thresholds: No thresholds have been established yet for 
this pest either from visual scouting or trap 
captures.  However, trap captures of over 10 beetles per 
trap may suggest the need for treatment.  If allowed to 
build up over time, economic damage levels are likely. 

Treatment: If significant populations are found, 
treatment with one of the materials listed below is 
recommended. 

 
Summary Management Table: 
Conventional (PHI) Organic OMRI Listed (PHI) Cultural 

 Assail 30SG (1) 
 Delegate WG (1) 
 Sevin XLR Plus (7) 
 
 
 
 
 
 
  

⊗ Aza-Direct, (0) 
⊗ Entrust (0) 
⊗ Grandevo DF (0) 
⊗ Pyganic EC (0) 
⊗ Venerate XC (0) 
 

*Incluce adjuvant with 
Grandevo DF and Venerate XC 

• Eliminate wild brambles in the vicinity of the planting 
• Eliminate weeds from within the planting 
• Prune for open canopy 
• Use Rebell® Bianco sticky traps to monitor populatio 
•  
•   

*= Restricted Use Material, ⊗= OMRI approved for Organic Production 
PHI - pre harvest interval in days 
Not all available formulations are listed. See the current New England Small Fruit Management Guide for application 
rates and additional information. Read labels thoroughly for application rates and restrictions (REI, PHI, etc.) 
 

BLUEBERRIES 
 

The Blueberry Mummies Return!  Here’s How to be Prepared 
Timothy Miles and Mark Longstroth, Michigan State Univ. 

 
Mummy berry is a unique disease. The fungal pathogen 
needs to infect the plant twice to complete its life cycle; 
the first being new shoots at the beginning of spring 
growth, and the second during bloom, 
where the fungus is carried to the 
flowers by insects (e.g., bees and 
flies) infecting the bloom and fruit. 
The infected fruit becomes a mummy 
and overwinters to infect the plants again in spring. 

In 2018, Michigan had normal winter with a lot of snow 
early, cold temperatures near or below zero around New 
Years and a relatively mild February and March. March 

has been very chilly and the blueberry 
bushes in Van Buren and Ottawa counties 
are currently at early bud swell. The 
blueberry bushes are ready to grow when 
warm temperatures return. As blueberry 

buds begin to grow, they become susceptible to infection. 

	
 

Early	spring	is	when	
mummy	berry	shoot	
strike	infections	occur.	

https://ag.umass.edu/fruit/publications/new-england-small-fruit-management-guide
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Mummy berry life cycle on blueberries. Photo by MSU E2846. 

Mummy berry in blueberries is caused by the fungus 
Monolinia vaccinii-corymbosi. This pathogen is primarily 
an issue in established blueberry fields and the first round 
of infection occurs during the ascospore stage, when 
spores are actively discharged from apothecia (trumpet-
like mushrooms) on overwintered, mummified blueberry 
fruits on the ground below blueberry bushes (Photo 1). 
Shoots are typically only susceptible when blueberries 
have reached the green tip growth stage (Photo 2). 

 
Photo 1. Nine maturing apothecia growing on a single mummy. 
Photo by Timothy Miles, MSU. 

 

Photo 2. The large terminal flower buds on these shoots have 
swollen and are about to burst. The smaller leaf or shoot buds 
below are at green tip. Note that growth is more advanced in the 
uppermost buds (about a quarter-inch) and is less on each of the 
buds below. Photo by Mark Longstroth, MSU Extension. 

Scouting for germinated mummies is difficult due to their 
small size. Once you see a mummy, they are clearly 
visible as small, blackish pumpkins. If you find mummies 
in the field, mark it so you can easily return. As spring 
warms, look for mummies with developing apothecia. 
Apothecia do not typically discharge spores immediately. 
Spore discharge normally begins when the opening of the 
apothecia is about an eighth of an inch in diameter. 
Because it is very difficult to scout an entire field, 
consider control options if apothecia are observed. 

If mummy berry is a significant problem in your region, 
consider selecting resistant cultivars when planting new 

blueberry fields. Cultural practices in established fields 
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include raking to disturb the mummies and disrupting 
their germination. Controlling weeds in blueberries during 
the previous years’ growing season makes finding 
mummies much easier. Mulching can serve as a disease-
management method. Research has shown that apothecia 
can be significantly reduced when rows are mulched with 
over 2 inches of sawdust. For effective management, 
apply mulch in in late winter (e.g., mid-March) or earlier 
in the fall and winter months if maintained at least at a 2-
inch depth. 

A variety of fungicides are available for controlling 
mummy berry. Many of these materials have good 
activity against both stages of the disease. Most materials 
are better at controlling one phase of the disease, shoot 
blight or the fruit rot than the other. Michigan State 
University Extension recommends against using the same 
material over and over again to control plant diseases to 
reduce the risk of fungicide resistance. See the table from 
the MSU Blueberry Facts: Mummy Berry bulletin 
(E2846), and current fungicide recommendation can be 
found in Michigan Fruit Management Guide (E054). 

 

 
Fungicide efficacy against shoot and fruit stages of mummy berry infection in blueberry in Michigan (from MSU E2846). 

Several universities are working to develop a prediction 
model for the emergence of mummy berry apothecia. The 
primarily difficulty is the variability in degree-days over 
in several seasons in Michigan. Historic data of ascospore 
discharge data from several years demonstrates this 
variability in Michigan blueberry fields. 
Future work in the MSU Small Fruit Pathology Program 
will help validate models developed by MSU and other 
universities and attempt to deliver this content in user-
friendly manner to Michigan blueberry growers. (Source: 
MSU Fruit Crop Advisory, April 10, 2018) 
 

Figure 2: Air temperature measurements (black solid line) and 
detection of Monilinia vaccinii-corymbosi ascospores (gray 
bars) in the air from April 1 to June 1 across four different 
years. The traps were located in unsprayed areas in commercial 
blueberry fields in Grand Junction (A, B and C) and Nunica MI 
(D). (Dabbah et al., 2016, Phytopathology S4.132). 

 
 

 
 

 

http://msue.anr.msu.edu/
http://msue.anr.msu.edu/
http://msue.anr.msu.edu/resources/michigan_blueberry_facts_mummy_berry_e2846
http://shop.msu.edu/product_p/bulletin-e0154.htm


 
 
 

15 

Winter Moth (Operophtera brumata) Populations at Record Low! 
Tawny Simisky, UMass Extension 

 
The winter moth population is at a record low! The 
2018 outlook concerning winter moth caterpillar 
population numbers in Massachusetts is very positive for 
those of you in the eastern areas of the state accustomed 
to dealing with damaging populations of this insect. Dr. 
Joseph Elkinton, Professor of Environmental 
Conservation at the University of Massachusetts, 
Amherst, MA, has excellent news: data from his lab’s 
research locations in eastern Massachusetts suggest that 
this invasive pest’s population size is at an all-time low. 
In fact, the 2017 winter moth population was the lowest 
they have seen since studying and working toward the 
biological control of this insect for the past 13 years. The 
populations of winter moth are so low in Massachusetts at 
this time, that Dr. Elkinton’s lab and scouts for UMass 
Extension’s Landscape Message are having a very 
difficult (to impossible) time locating winter moth eggs to 
monitor egg color change, development, and hatch for the 
2018 season. 

 
Photo Credit: Heather Faubert, URI 

Spring has been cool thus far, and many eastern MA 
locations where winter moth has historically been a 
problem are still slowly accumulating growing degree 
days. Over the weekend, UMass Extension’s Fruit 
Program reports that McIntosh apple green tip has 
been observed in Belchertown, MA. See the image of 
McIntosh apple green tip observed on 4/17/18 
here: http://ag.umass.edu/fruit/bud-stages/current-bud-
stages-april-17-2018 . This can be a great phenological 
indicator of winter moth egg hatch. That being said, 

reports from a blueberry grower in Hanson, MA indicate 
that on 4/18/2018, of the limited 20 eggs she has available 
to monitor on a banded tree, the eggs are still orange at 
this time. Reports from a blueberry grower in Franklin, 
MA mention that on 4/18/2018, 10 of approximately 60 
eggs have turned blue on the south side of a single tree 
being monitored. On the remaining area of that same tree, 
the other approximately 50 eggs are orange at this time. 
The report indicates that it took about 1 and ½ weeks for 
the eggs on the south facing side of the tree to turn 
blue. With the mostly cool, but fluctuating, spring 
temperatures this year, winter moth egg hatch is 
slowly beginning in Massachusetts. Winter moth egg 
hatch timing will vary depending upon the eastern MA 
location, and can vary at a single site. Areas with 
winter moth around Boston, which have accumulated 
more degree days than areas like Cape Cod or the 
Southeast Region, may be further along with the egg 
hatch process than the cooler eastern MA locations. 
For region-specific information, see the Scouting 
Reports above.  

Those protecting blueberry and apple crops in eastern 
Massachusetts should be vigilant, even with the low 
winter moth population numbers, and continue to plan 
crop protection accordingly. In landscape settings in 
eastern Massachusetts, there may still be pocketed areas 
where ornamental trees and shrubs also need protection 
from winter moth in 2018. For protection in landscapes, it 
is best to wait until the leaves of susceptible hosts 
completely unfold and monitor for feeding caterpillars, 
prior to treatment, especially since populations in 
Massachusetts are so low this year. 

The eggs of this insect, if they can be found, were laid by 
the females who emerged in November of 2017 and were 
active through the winter months (mainly November 
through December when temperatures are above 
freezing). Eggs are currently present in the landscape and 
hidden in cracks and crevices of bark or beneath lichen on 
host plants such as oak, maple, apple, blueberry, 
crabapple, etc. Eggs are tiny and green when first laid, but 
quickly turn a red-orange color soon after. As the egg 
develops, it will turn a bright blue color, shortly prior to 
egg hatch. Reports from Rhode Island indicate that 30-
50% of eggs at sites being monitored in their state 
have turned blue or hatched as of 4/18/2018. In Rhode 
Island, egg color change and hatch has been slowly and 
steadily occurring whenever warmer temperatures are 
available. The prolonged time period for egg hatch can 
make management of winter moth in blueberry and apple 
crops difficult. For more information about the life cycle 
and management of winter moth, please visit thisfact 

sheet: Winter Moth Identification and 
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Management https://ag.umass.edu/landscape/fact-
sheets/winter-moth-identification-management . 

Winter moth is a non-native insect that was identified in 
Massachusetts for the first time in 2003 following 
persistent reports of defoliation in eastern areas of the 
state such as Cape Anne and on the North Shore near 
Cohasset, Hingham and Rockland on the South Shore in 
the late 1990’s. For more detailed information about the 
history of this insect pest in North America and 
Massachusetts, please visit this fact sheet: Winter Moth in 
Massachusetts: History and Biological 
Control https://ag.umass.edu/landscape/fact-
sheets/winter-moth-in-massachusetts-history-biological-
control . 

This fact sheet also includes updates regarding the 
progress of the work of Dr. Joseph Elkinton’s laboratory 
group at the University of Massachusetts and their efforts 
toward the biological control of winter moth 
using Cyzenis albicans, a tachinid fly. The fly parasitizes 

the caterpillars of winter moth specifically. In other areas, 
such as Nova Scotia where winter moth was also 
problematic, this fly used for biological control has been 
successful in reducing winter moth to a non-pest. C. 
albicans has been released across 43 sites in 
Massachusetts and has been established in at least 32 of 
those locations as evidenced through the recovery of flies 
in winter moth in subsequent years. The Elkinton Lab 
now has data showing that at six of these locations 
(Falmouth, Hanson, Hingham, Wellesley, Wenham and 
Yarmouth, MA) the fly populations have increased 
alongside an observed decrease in the winter moth 
population there. For more information about the progress 
of winter moth biological control in Massachusetts, visit 
the following article in Hort Notes found under “Trouble 
Maker of the Month”, here: 
https://ag.umass.edu/landscape/newsletters/hort-
notes/hort-notes-2018-vol-292 . 

(Source: UMass Landscape Message #4, April 20, 2018) 

 
GRAPE 

Considerations for Soil Health and Nutrient Management in No-Till Systems 
Jacquelline Dresser, Lake Eerie Regional Grape Program 

 
Introduction 

In the Lake Erie region, frequent tillage of the row middle 
throughout the growing season used to be the industry 
standard for weed control. With the introduction of 
affordable herbicides to the market in the late 1970s, 
chemical control became a viable means of knocking 
down weeds in the vineyard.  Introduction of cover crop 
rotations have provided an additional tool in the weed 
management toolbox while providing other benefits. 
Management decisions related to tillage, addition of soil 
amendments and cover cropping have implications for 
soil health. Typically, fertilization and liming 
recommendations are made holding things like tillage 
depth constant and are not tailored to the variables present 
in soil and in management practices. Most growers in the 
Lake Erie region are working in no-till systems and some 
are introducing cover crops in their vineyards. This article 
will provide some background on soil composition and 
soil health, compare no-till and conventional systems with 
respect to soil health and discuss considerations that 
should be considered when interpreting nutrient and 
liming recommendations in no-till systems with or 
without cover cropping. 

Soil as a Habitat 

Soil is made up of solids (minerals, organic matter), 
liquids (water and dissolved salts), and gases (air, water 
vapor and other gases) (Havlin et al. 1999). Each of these 
components of soil plays an important role in the growth 
and development of grapevines and the potential yields 
they will carry. Mineral solids provide a soil’s structure 

and aggregate with organic matter to create pores for air 
and water to infiltrate. Water, or the soil solution, is the 
medium that holds nutrients in a form where vines may 
take them up and use them. The air in soil provides a 
channel where oxygen from the atmosphere is exchanged 
with carbon dioxide through respiration of vine roots and 
soil organisms (Magdoff and Van Es 2009).  It should go 
without saying that growing healthy and productive vines 
begins with building soils that are well suited to this task. 
So, what makes a soil conducive to growing grapevines? 
Biologically, a healthy soil hosts a diverse population of 
beneficial organisms and a low proportion of harmful 
ones. Chemically, healthy soil has pH between 5.5 and 
6.5 (for grapevines), contains an appropriate balance of 
nutrients (Table 1) in forms that feed vines and the 
organisms their roots share the soil with, is free of toxic 
chemicals and has low salt content. Physically, healthy 
soil has low compaction both in surface layers and in 
subsoil layers, a stable and porous surface structure and 
good air flow and drainage (Magdoff and Van Es 2009). 

Grapevine roots need to be able to develop enough 
surface area using as little energy as possible to take in 
the water and nutrients the vines require. Secondly, the 
water and nutrients need to be available to the vines at the 
frequency and in the quantity that they are needed for 
vegetative and reproductive growth. The conditions of a 
growing season can affect a soil’s performance. In a dry 
season, heavier clay soil may be able to retain precious 
water for vines to use (Figure 1); while, in a wet season, 

well-drained deep gravels may be more conducive to 
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vine growth as their roots avoid water-logging. Soil 
variation also poses a challenge. Across a vineyard, soils 
may offer a drastically variable environment for 
grapevine roots to explore and may cycle nutrients 

differently. Even holding all other factors constant, the 
soil is an ecosystem and there are dynamics constantly 
working to challenge the one stewarding the soil with the 
goal of maximizing yield of ripe fruit. 

 

 
 
The living soil is home to earthworms, insects, fungi, 
bacteria, viruses, protozoa and algae. There are a 
multitude of organisms that will share space with 
grapevine roots, some of them are beneficial to vine 
growth and others are detrimental. Some benefits that 
may be offered from beneficial organisms are 
transportation of and conversion of nutrients to forms 
available to vines, consumption of or competition with 
organisms that are parasitic to grapevines, aggregation 
and channeling of soil for improved structure, and mixing 
of organic matter into the soil. Detrimental organisms 
may release toxic chemicals into the grapevine rooting 
zone or directly feed on living tissues of the vine. 
Promoting conditions, not just for grapevines, but for the 
organisms that share the soil with their roots, is crucial to 
establishing and maintaining a healthy and productive 
vineyard. 

Soil Health Implications of Tillage or No-Till 

The transition in weed management in vineyards from 
intensive tillage to no-till has implications for soil 
characteristics. In tillage systems, though fertilizers and 
amendments are easily incorporated into the soil, surface 

weed seeds are buried, the soil is able to dry quickly and 
topsoil compaction is temporarily reduced, there are 
trade-offs. The aggregate forming, burrowing, and mixing 
activities of organisms in the soil are reversed and many 
organisms are killed in the process (Kladivko 2001). The 
resulting soil has poor structure, is more susceptible to 
erosion and temperature swings, tends to facilitate runoff 
of rain water, has an unstable soil ecosystem, and may 
contain a subsurface compaction layer that is 
impenetrable to water and roots (Figure 2).  
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Figure 1. Water Availability to Plants by Soil Type, From 
Kramer 1983.  

 
Figure 2. Soil Compaction Layer Illustrating Water Runoff. 
Photo by Jason Haines. 

 
Figure 3. Grapevine Rooting Zone and Compaction from Traffic 
Lane. Photo by Terry Bates. 

 
Continuous no-till offers better soil structure, erosion 
control, increased quality and/or level of organic matter, 
preservation of biodiversity, improved availability of 

many nutrients, higher cation exchange capacity and 
improved water-holding capacity (Havlin et al 1999). 
However, no-till cannot alleviate soil compaction where 
heavy equipment contacts the soil (Figure 3) and it is 
more difficult to incorporate fertilizers and amendments 
into the soil. Compaction from traffic does not necessarily 
worsen with each pass of heavy equipment, though. 
Rather, most of the compaction is a result of the heaviest 
loading (Magdoff and Van Es 2009). 

Nutrient Dynamics in No-Till 

Most nutrient and lime recommendations are based on a 6 
inch tillage depth (read the fine print!). Soil amendments 
behave differently in no-till systems than they do when 
they are incorporated with tilling. Fertilization and liming 
decisions for no-till systems should consider nutrient 
mobility and cycling, variation in soil fertility and pH 
with increasing depth, dynamics of organic matter 
decomposition and fertilizer efficiency and the effects of 
other management practices like cover cropping or 
mulching. 

The mobility of K+, Ca2+, and Mg2+ in the soil is 
dependent on cation exchange capacity and pH. With pH 
in the range of 5.5 -6.5 and high CEC, these cations are 
stable in the soil. As pH and/or CEC decreases, K+, 
Ca2+, and Mg2+ are more susceptible to leaching. Lime 
is considered immobile in the soil and surface application 
will only neutralize the first couple of inches of the soil in 
the short-term. The pH in this shallow layer of soil is 
affected most by addition of acidifying fertilizers and 
breakdown of organic material. So, if lime is applied 
regularly, its shallow neutralization should not be a 
drawback to soil health. Over the long-term, surface 
liming can raise soil pH at depths up to 12in (Grove et al. 
2009). Phosphorous is considered immobile in the soil 
unless it is present at unusually high levels where the soil 
has maximized its potential to bind it. Nitrogen mobility 
in the soil is dependent on the form that it is in. NO3-
(nitrate) is highly mobile in the soil and leaches easily in 
the soil solution. NH4+ (ammonium) can be held on 
cation exchange sites and is less mobile in the soil 
(Ketterings et al. 2016). The contrast in mobility of 
constituents of surface applied fertilizers, organic material 
and lime without incorporation creates uneven 
distribution of nutrients and pH (Figure 4) with depth in 
the soil profile. Soil mobility is also an important 
consideration when deciding whether to band-apply or 
broadcast fertilizers.  
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Figure 4. Soil pH Variation with Soil Depth. Taken from 
Anderson et al. 2010. 

Nutrient cycling is another important consideration for 
nutrient management in no-till systems, especially with 
respect to nitrogen and phosphorous. The forms of 
nitrogen used for plant uptake, NH4+ and NO3-, are 
gained and lost in the soil through several processes.  
Either may be added to the soil through fertilization. 
NH4+ may also arrive through mineralization: the 
breakdown of organic matter by microorganisms in the 
soil. If not taken up by roots or bound to cation exchange 
sites, NH4+ may be converted to NO3- through 
nitrification by bacteria. In no-till systems, the slow 
breakdown of organic matter provides NH4+ in a low and 
slow fashion. For surface applied nitrogen in no-till 
systems, there is a higher risk of loss from volatilization, 
immobilization or denitrification before nutrients can be 
utilized by the vines. It is important to remember that just 
adding nutrients does not guarantee they are going the 
make it into the tissues they are designated for. 
Considering the type of nitrogen fertilizer (ammonium 
has low mobility and nitrate will more readily leach), 
splitting its application and utilizing precipitation to help 
the material penetrate the soil can help ensure that 
efficiency is maximized in no-till systems. 

Phosphorous can originate from fertilizers or organic 
matter. H2PO4- and HPO42- are the forms taken up by 
grapevines from the soil solution. As roots take up P, the 
soil solution may be replenished from desorption from 
mineral and clay surfaces or mineralization by 
microorganisms. Just as with nitrogen, phosphorous may 
be immobilized in the soil. It may also leave the soil 
solution by adsorption to clay and other minerals or 
precipitation. pH plays a major role in P cycling, with 
lower pH soil resulting in higher immobilization of P. In 
no-till systems where pH is higher in the shallow soil, P 

availability in the soil solution will decrease with depth in 
the soil. High organic matter also increases P availability, 
so no-till systems will see a higher concentration of 
available P in the soil solution in surface soils, where OM 
is highest.The rooting structure of own-rooted Concord 
tends to proliferate underneath the vine in the first 12 
inches of soil, but this will depend on the characteristics 
and fertility of the soil in its rooting zone (Figure 3). The 
soil horizon where roots develop may exhibit 
stratification in nutrients, pH and other characteristics. 
Thus, sampling in no-till systems should be modified to 
provide a better idea of how surface soils are behaving in 
comparison to deeper soils.  

Soil and Tissue Sampling 

An effective nutrient management plan should be 
informed by regular soil and petiole samples. The soil 
samples illustrate the nutrient balance in the soil, while 
the petiole samples illustrate how those nutrients are taken 
up (or not taken up) by the vines. Soil samples should be 
collected every three years while tissue samples should be 
collected and analyzed annually or bi-annually. While 
tissue sampling protocols do not warrant modification due 
to the absence of tillage in modern viticulture, soil 
sampling protocols should be adjusted to no-till. 

Collecting soil samples to a depth of 6-8 inches has been 
common practice in the Lake Erie region, even since the 
widespread transition to no-till vineyards. This sampling 
depth would be adequate if lime, nutrients and surface 
residue were being incorporated into the soil through 
tilling. However, in no-till systems, soil sampling should 
be undertaken in a way that will allow the shallow soil 
horizon, where effects from surface application of 
fertilizers and breakdown of organic matter will be most 
prominent, to be characterized independently of the 
deeper soils. 

Soil samples in no-till vineyards should be separated by 
depth, with the top two inches of the soil probe separated 
from the rest of the sample (Figure 5). In established 
vineyards, where tillage has not taken place for many 
years, it is possible that mixing soil from the surface two 
inches and soil from two to six or eight inches is resulting 
in tests that show nutrient deficiency in the soil when the 
surface soil may exceed recommended levels. As 
fertilizers continue to be surface applied, nutrient 
stratification becomes more pronounced, only to be 
masked in mixed soil samples. Stratification of soil pH 
may also be masked in mixed soil samples, which may 
result in excessive liming of the surface and subsequent 
K+ deficiency as excess Ca2+, and/or Mg2+ are added to 
the soil. 

Variation in soil characteristics and fertility are not 
limited to the vertical plane; they occur horizontally as 
well. If a detailed survey of soil texture cannot be done 
using soil sensors that measure electrical conductivity, a 

county soil map may offer a sensible guideline for 
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setting out soil samples. At a minimum, soil samples 
should be taken once every ten acres, but this number 
should increase if there is a large amount of variability in 
the field. It is tempting to try to take as few samples as 
possible, as their collection and analysis does not come 
free, but the benefits in growth and yield potential as well 
as efficient use of fertilization and liming materials should 
greatly exceed the costs associated with sampling.  

Once soil samples are analyzed, and an accurate picture of 
the soil in the rooting zone across a vineyard is painted, 
tissue samples can illustrate the nutrient status of vines. 
Regular sampling and thoughtful interpretation creates a 
feedback loop where the effects of nutrient management 
decisions can be evaluated, and the results can be used to 
continue to refine a management plan. Visual observation 
is a key component of this cycle and can signal if there is 
a breakdown in the nutrient status of vines. 

 

 
Figure 5. Illustration of Separation of Top Two Inches from Soil 
Probe. Taken from Anderson et al. 2010. 

NPK Fertilization in No-Till 

It is important to remember that just adding nutrients does 
not guarantee they are going the make it into the tissues 
they are designated for. For nitrogen, considering the type 
of fertilizer (ammonium has low mobility and nitrate will 
more readily leach), splitting its application and utilizing 
precipitation to help the material penetrate the soil can 
help ensure that efficiency is maximized in no-till 
systems. Deciding how much supplemental N to apply 
depends on several factors. Vines need varying amounts 
of nitrogen throughout the growing season, reaching a 
peak of 40g/vine or about 53 pounds/acre at 60 days after 
bloom (Bates et al. 2013). The size of the vegetative and 
reproductive sink will dictate the amount of nitrogen 
vines need. The quantity of fertilizer that needs to be 
added to provide adequate nitrogen depends on soil 
organic matter (1% OM ≈ 20 lbs/acre N), soil moisture, 

soil temperature, the presence of competitive vegetation, 
the type of fertilizer, and cation exchange capacity for 
ammonium fertilizers. Foliar applications are another 
option for short-term N supplementation.  

Phosphorous is typically added using monoammonium 
phosphate (MAP) or diammonium phosphate (DAP), 
containing 11% and 18% nitrogen respectively. This 
should be considered when deciding how much nitrogen 
fertilizer to add. Superphosphates are an option if 
supplemental nitrogen is not needed. One advantage to 
no-till for phosphorous fertilization is that decreasing the 
soil-fertilizer contact for water soluble phosphate 
fertilizers tends to lengthen the amount of time that 
phosphorous stays available in the soil solution. Band 
application of phosphorous fertilizer may offer 
advantages in soils that have a higher risk of phosphorous 
immobilization.  

Potassium is of special importance to grape production, as 
ripening fruit is a strong sink for K. The availability of K 
to vines is closely tied to the CEC and pH of the soil. 
Soils with low pH have an increased concentration of 
Al3+, which can outcompete the weak charge of K+ for 
cation exchange sites. High levels of Ca2+ and Mg2+ often 
contributed from liming materials can also outcompete K+ 
for cation exchange sites. Without being able to bind to 
clay surfaces, K+ will easily leach from the rooting zone 
and not be available for the vine. For this reason, it is a 
good idea to supplement lime applications with potash. 

The method (banding, broadcasting, foliar application), 
frequency, and type of fertilization is ultimately up to the 
vineyard manager but should consider the nutrient 
dynamics in a no-till system. Foliar nutrient applications 
tend to have an abbreviated effect but can be 
advantageous when nutrients are in high demand for a 
short period of time (ex. peak of N demand at 60 days 
post bloom). Broadcasting may work well for mobile 
nutrients and if nutrients need to be directed to a cover 
crop in the row middle, while banding increases the 
probability that immobile or less mobile nutrients are 
available in the rooting zone.  

Cover Crops 

Cover crops are well suited to no-till vineyards for their 
ability to break up compaction, add organic matter to the 
soil, increase activity of organisms living in the soil, fix 
nitrogen, and reduce soil erosion. Whether present in the 
row middle or the inter-vine space, it is important to 
consider the contributions or demand of nutrients by 
cover crops. The most popular cover crops used in 
vineyards will be discussed in terms of their nutrient 
contribution and demand.  

Annual ryegrass is an annual bunch grass capable of 3ft of 
growth above ground and up to 6ft below ground. With 
respect to nutrients, annual ryegrass is highly demanding 
of water and nitrogen. It can compete with grapevines for 

water and nutrients during the spring and early summer. 
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If terminated early, it will return over two-thirds of the 
nitrogen it removed from the soil back to the soil (Ingles 
et al. 1998). The most popular clover for vineyard cover 
cropping is crimson clover. It is a legume that can be used 
as a winter or summer annual and may provide 70 – 150 
lbs of nitrogen per acre through nitrogen fixation 
(Bowman et al. 2012). It provides dense cover and is 
effective in weed suppression. Crimson clover may be 
terminated by mowing after early bud stage, or earlier if 
nitrogen losses are tolerable.  

Buckwheat (Figure 6) is one of the fastest growing cover 
crops used in vineyards and offers the advantages of, 
attracting beneficial insects, loosening topsoil and 
rejuvenating low fertility soils. It can become a weed 
itself if left unchecked but is not frost tolerant. With 
respect to nutrients, buckwheat is excellent at scavenging 
phosphorous. It can take in phosphorous and other 
nutrients that are in unavailable forms to plants and 
release them for plant use as it breaks down (Bowman et 
al. 2012). 

 
Figure 6. Buckwheat for Weed Suppression. Photo from 
lergp.com. 

 
Figure 7. Twelve Inch Forage Radish in Row Middle. Photo 
from lergp.com 

Forage radish (Figure 7) is untouchable when it comes to 
compaction relief. Its taproot penetrates hard pan with 
ease and it creates large holes in the soil which fill in as it 
decomposes, essentially tilling the soil over time. They 

help retain soil moisture and reduce erosion during the 
season and decompose to release nutrients deep into the 
soil profile after winter kill. The nutrients are available in 
the early spring when vines need them most for 
exponential shoot and canopy development. Generally, 
radishes do not require supplemental fertilization, but they 
can produce biomass up to 5 tons/acre (Steve Groff, pers. 
comm.). 

With the integration of cover crops into a vineyard 
management plan, their contributions to the soil nutrient 
equation should be considered as well as any competition 
they may present for water and nutrients during the 
growing season. Regular soil sampling, petiole sampling 
and visual scouting for nutrient or water deficiencies in 
the vineyard are useful tools to make sure the benefits of 
using cover crops outweigh the risks. 

Liming 

In no till systems, applying lime does not provide instant 
gratification. Several studies reported that 10 to 14 years 
were required for surface applied lime to raise soil pH at a 
depth 15 cm (6 in) without incorporation (Havlin et al. 
1998). Many variables exist that contribute to how 
quickly a desired pH may be achieved in vineyard soils. 
Initial pH, organic matter content, texture, moisture, 
cation exchange capacity, and compaction of a soil can all 
influence how effective broadcasting lime may be in 
increasing soil pH and the time required to reach the 
desired pH. The presence of cover crops, weeds, and the 
specifications of the lime used also play a role.  

It is also important to consider that soil pH changes with 
increasing depth in the soil. Acidifying fertilizers will 
have the most pronounced effect on pH in the first few 
inches of soil. Ruling out deep cultivation to incorporate 
lime and considering poor infiltration of liming materials 
into the soil profile, maintaining surface soil pH near 7.0 
consistently across several growing seasons is the most 
practical way to reduce acidity deeper in the root zone 
(Ketterings et al. 2006).Soil texture, water holding 
capacity and compaction vary across vineyards as well, 
which means that the soil pH (which varies spatially as 
well) may not respond uniformly to lime application at 
the same rate. Some growers in the region are using 
variable rate lime application to make sure lime additions 
are well matched to the soil conditions in the targeted 
area.  

Broadcasting dry lime (Figure 8) either after harvest or 
before budbreak is the most typical practice in vineyards, 
though more expensive fluid lime may offer an increased 
reaction rate and other advantages. For lime additions 
exceeding 2 tons per acre, it is advisable to split the 
addition over successive seasons. 
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Figure 8. Lime Application with Stolzfus Lime Spreader. Taken 
from Liming the Vineyards. 2012. Missouri State University. 

Conclusion 

The soil sampling and nutrient management protocols 
developed for vineyards were created at a time where row 
middles were tilled several times during the growing 
season as a weed management strategy. This resulted in 
erosion of topsoil on knolls and deposits in swales, 
creating variation in vine growth that often still exists 
today. Liming and nutrient recommendations made from 
soil samples taken at a 6-8 in depth fail to consider 
nutrient and pH stratification in the soil with depth. Other 
considerations, like the utilization of cover crops, also fail 
to weigh in to many nutrient recommendations. Splitting 
soil samples to isolate the top two inches from the deeper 
soil will provide better information on soil fertility in no-
till systems. With soil and petiole analyses in hand, 
considering the behavior of surface applied nutrients as 
well as the nutrient demand and contributions from cover 
crops throughout the season will facilitate better nutrient 
management decisions in no-till systems. 
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POLLINATOR CORNER 
 

Spring Bees: Who Are They and Where Do They Live?  
Margarita Lopez-Uribe, Michigan State Univ. 

 
While spring is the beginning of the beekeeping season, 
early blooming plants not only feed honey bees but also 
hundreds of native solitary bee species that emerge at 
around the same time.   

But who are these bees? Of the at least 438 species of bee 
species in Pennsylvania, about 33% emerge between 
March and April and are critical for pollination of a 
number of native plants and tree fruit crops. Crops that 
benefit from the pollination services of these bees include 
apples, pears, cherries, and blueberries.  

More than 120 bee species are found in apple orchards in 
Pennsylvania alone. Besides honey bees, alternative 
pollinators like mason bees are now managed for orchard 

pollination. One native (Osmia lignaria) and one 
introduced mason bee species (Osmia cornifrons) are 
reared and housed in large numbers of “bee hotels” near 
orchards to help reach optimal pollination (photo 1). In 
wild conditions, mason bees use mud to construct their 
nests inside hollow stems and twigs, but they also use the 
hollow cavities provided by holes drilled in a wooden 
block, straws or bamboo shoots in bee hotels. Additional 
information about the natural history and management of 
mason bees can be found in the article, Orchard 
Pollination: Solitary (Mason) Bees. Other common spring 
species that nest in wood include small and large 
carpenter bees (photo 2) that may also colonize bee hotels 
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and provide essential pollination services to crops and 
many other plants in the surrounding native vegetation.  

 
Photo 1. Two type of bee hotels for stem nesters: (left) Box with 
cardboard straws and (right) wooden block with drilled holes. 
Photo credit: Margarita López-Uribe, Penn State  

Another important group of spring native bees includes a 
large number of ground-nesting species that are active for 
approximately 6 to 8 weeks in the spring. These solitary 
nesters—meaning there is only one female per nest unlike 
the hundreds to thousands of individuals found in social 
insect nests— can often be found in large aggregations, 
where the nests of hundreds to thousands of females are 
built near each other on the ground (photo 3). Among the 
most abundant solitary ground bees, that nest in 
aggregations in the northeastern US are mining bees 
(genus Andrena, photo 4) and cellophane bees (genus 
Colletes, photo 5). The nests of these bees can be easily 
spotted above ground because of the conical piles of soil 
with a hole in the middle, which serves as the entrance of 
the bee nest. Different ground- nesting bee species have 
different soil texture preferences, but most prefer loose, 
exposed soil on south-facing slopes, which receive more 
sun exposure in the spring and therefore are warmer 
earlier in the season. A few weeks after mining and 
cellophane bees emerge, it is also common to see 
cleptoparasitic (a.k.a. cuckoo) bee species. These cuckoo 
bees do not construct their own nest. Rather, they wait 
until the females of their host are out foraging, enter their 
nests, eat the egg of the host, and lay their own egg. 
Common cuckoo bees include bees in the genus Nomada, 
which may be confused with wasps (photo 6).  

Spring is also the time for the emergence of bumblebee 
queens, which are often seen buzzing around flowers. 
Right after the queens emerge from their overwintering 
sites, they do not have a nest, and they need to eat enough 
pollen and nectar to regain energy after the winter. In that 
process, bumblebee queens pollinate a number of early 
blooming plants. After this feeding stage, queens begin to 
search for suitable nesting sites, which include holes in 
the ground (for example old mice nests), protected 
cavities like garden sheds, and empty bird boxes. Spring 
is a critical time during the life cycle of bumblebees 

because every time a bumblebee queen dies at this stage, 
it means that a colony with hundreds of workers will not 
develop.  

Spring bees are abundant in urban gardens where their 
nests are commonly found in backyards. Unlike social 
insects such as honeybees and paper wasps, solitary bees 
are not aggressive insects (even though females have a 
stinger). These bees will not attempt to sting humans 
unless you try to handle them with your hands or you step 
on them. Because these native bee species provide 
important ecological services and are not aggressive, they 
are not considered pests, and it is strongly recommended 
to avoid the use of chemicals to control them. The 
overuse or misuse of pesticides can have negative impacts 
on humans and beneficial insects. Therefore, if 
controlling ground-nesting bees is absolutely necessary, 
rather than using a chemical treatment, consider adding 
water over the area of the aggregation to encourage the 
bees to look for a different nesting site.  

Finding nest aggregations of these native bee pollinators 
can be difficult. It is extremely important to know where 
these bees live, when they are active, what they are 
feeding on, and what level of disease pressure they have. 
The López-Uribe lab is gathering information about the 
locations of these nesting sites across Pennsylvania and 
the northeastern US to better understand how these factors 
affect the health of native bees. If you have any of these 
nest aggregations in your backyard or your field, please 
consider participating in our citizen science project “Bee 
Germs.”  

 
Photo 2. Two types of native carpenter bees: Xylocopa virginica 
(left) and Ceratina dupla (right). Both the large and small 
carpenter bees nest in wood. Photo credit: Nolan Amon, Penn 
State  
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 Photo 3. Nest aggregations of ground-nesting bees can be 
dense (left) and reach high numbers that can be intimidating 
(but not dangerous) for kids and some adults. Photo credit: 
Margarita López-Uribe, Penn State  

 
Photo 4. Female of Andrena spp. guarding the entrance of her 
nest. Photo credit: Margarita López-Uribe, Penn State  

 
Photo 5. Close up of a Colletes inaequalis female leaving her 
nest. Photo credit: Alberto López  

 
Photo 6. Cuckoo bee, Nomada spp. visiting an apple blossom.  

Photo credit: Henry Kindervatter  

(Source: Penn State Fruit Times, April 2018) 
 

GENERAL INFO 
 

Matrix SG Supplemental Label for Highbush Blueberry 
Thierry Besancon, Rutgers 

 
The U.S. Environmental Protection Agency (EPA) a 
Section 3 Supplemental Label for use of the herbicide 
Matrix SG 25% WDG (rimsulfuron) for use on 
blueberries, raspberries and blackberries. This label will 
be in effect through March 31, 2020. 

Matrix may be applied to these crops at 4 oz product per 
acre. It may be applied pre-emergence or early post-
emergence to the weeds. If weeds are present at 
application, add non-ionic surfactant at 0.25%to the tank 
mix. Matrix is most effective if moved into the soil 
(activated) by 0.5-inch rainfall. 

On highbush blueberries, apply Matrix to bushes 
established at least one year. Apply in a strip on each side 
of the row, avoiding contact with green blueberry leaves 
or stems. Matrix is moderately soluble and should not be 
used on soils classified as sands to avoid leaching into the 
bush root zone. Do not exceed 4 ounces product per acre 
per year. If Matrix is applied in a band of 50 percent or 

less of the total area, a second application may be made 
each year. Matrix may be applied up to 21 days before 
harvest. 

Matrix herbicide is active against several annual grasses 
and broadleaves, including mustards and pigweeds. It has 
fair activity against most of the composites, but is weak 
on common groundsel. It is also weak on common 
lambsquarters and eastern black nightshade. It will 
provide six to eight weeks of weed suppression at the 
labeled rate, and is most effective if used with other 
residual herbicides. Matrix will also provide suppression 
of yellow nutsedge. To obtain the most effective results, 
use the highest rate allowed based on the width of your 
spray band and make two applications. Make the first 
application when emerging nutsedge is 2 to 4 inches tall 
and repeat application 14 days later. If yellow nutsedge is 
greater than 6 inches tall at the first application, weed 

control effectiveness will be greatly reduced 
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Matrix is a group 2(B) ALS inhibitor; Sandea is the only 
other group 2 herbicide labeled and widely used in fruit 
crops. Matrix is a good tank-mix partner with the PS II 
inhibitors such as Karmex, Group 7(C2), or Princep, 
Group 5(C1), and the PPO inhibitors such as Chateau or 
Zeus, Group 14. However, growers should be reminded 
that population of common ragweed and 
marestail/horseweed in New Jersey have evolved 
resistance to ALS inhibiting herbicides. Therefore, we 
recommend that a foliar active herbicide with activity on 
common ragweed and 

marestail/horseweed  (such  as  paraquat or 
glufosinate)  must  be  tank  mixed  with  Matrix SG 
herbicide for  best  control  and  resistance  management 
when these weeds have already emerged. 

Other commercial rimsulfuron herbicides may include 
these crops on the label. For instance, Solida from FMC 
includes blueberry and caneberry on the label 

The new Supplemental Label is available from the 
internet at CDMS.  (Source: Rutgers Plant and Pest 
Advisory, April 18, 2018) 

 
MDAR Produce Safety News – Program Update 

Lisa McKeag, UMass Extension 
 
The Department of Agricultural Resources’ Produce 
Safety, Market Access and Certification Program is 
continuing its deployment of program objectives in 
support of the Food Safety Modernization Act’s (FSMA) 
Produce Safety Rule’s (PSR) implementation in 
Massachusetts. 

To support these objectives the program has deployed five 
regional Produce Safety experts this year who will be 
serving fruit and vegetable farms across the 
Commonwealth. Regional personnel will be supporting 
growers through education, training, and on-farm 
technical assistance and will serve as first line responders 
to farm’s requesting service in each region.  Regional 
staff will also be responsible for the conduct of pre-
audits/inspections, on-farm readiness reviews, as well as 
market access and certification support for Massachusetts 
Good Agricultural Practices (MGAPS), under the 
Commonwealth Quality Program (CQP). The 
MGAPS/CQP program will incorporate current PSR 
requirements into an integrated checklist this year 
supporting future uptake/compliance windows as well as 
anticipated market demands. The Program will also 
continue to support the USDA GAPs/Harmonized GAPs 
program for the 2018 production year. 

Farm Registration 

The Produce Safety Team is currently supporting the 
population of a farm inventory database of those farms 
growing fruits and vegetables in the Commonwealth. All 
fruit and vegetable farms in Massachusetts are strongly 
encouraged to register through the submission of a farm 
registry form to facilitate program operations and sector 
support. Regionally deployed Program staff are currently 
conducting phone calls and site visits within their 
assigned regions to verify farm registry data, introduce 
themselves to farmers and their staffs, and to provide 

technical assistance and grant support to farms in 
anticipation of compliance dates and market access 
requests. Please feel free to share your concerns and 
challenges along with any questions you may have with 
your regional contact. Their job is to assist you with any 
concerns you may have. Registration Forms will be 
available during visits and will be made available on-line 
shortly. 

Once again, if you’ve been a member of the 
Commonwealth Quality Program (CQP), please be 
reminded that the requirements 

of the audit program have been harmonized with the Food 
Safety Modernization Act’s Produce Safety Rule. You’ll 
learn more about this during your 2018 visit. Please call 
us to register and/or to schedule your audit for the 
upcoming season if you have not received an outbound 
contact from regional staff. The Department’s focus is to 
establish a robust 

Produce Safety program that promotes public health 
protection in line with its core mission of working to 
ensure its farms are economically and environmentally 
sustainable now and in the future. 

Thank you to all of the farmers, commodity groups, 
Massachusetts Farm Bureau, Buy-local organizations as 
well as the UMASS Agricultural Extension Service, for 
your continued support of our program and services. 

Produce Safety Program Team 

Meet the Produce Safety expert responsible for your 
region. Please feel free to contact her/him for any 
questions, concerns you might have or to schedule a visit 
or service request. 
 

http://www.cdms.net/ldat/ld8O3012.pdf
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Michael Botelho 
Produce Safety Program Director 
Mobile:  508-985-8751 
Michael.Botelho@state.ma.us 
 

 
Kate Bailey 
Produce Safety Inspector 
Mobile:  857-315-7478 
Kate.Bailey@state.ma.us 
 Region: WEST 
 

 
Alexandra Hachem 
Education, Research and Outreach 
Coordinator 
Mobile:  857-507-6346 
Alexandra.Hachem@state. 
ma.us 
 Region: CENTRAL EAST 
 

 
Denise Pavao 
Produce Safety Inspector 
Mobile:  857-292-2043 
Denise.Pavao@state.ma.us 
 Region: SOUTHEAST 
 

 
Steven Pilis 
Operations Coordinator 
Mobile:  857-507-6347 
Steven.Pilis@state.ma.us 
 Region: CENTRAL WEST 
 

 
Erik Stenfors 
Produce Safety Inspector 
Mobile:  857-292-1872 
Eric.Stenfors@state.ma.us 
 Region: NORTHEAST 
 
 

 
Is your farm covered by the Produce Safety Rule 
under FSMA? 

Do you know the status of your farm under the Produce 
Safety Rule? Click this chart to figure out where your 
operation lies in terms of coverage, and to get familiar 
with the documentation you should keep in case your 
operation is “qualifiedexempt”. 

For more information about the Produce Safety Rule: 

The Produce Safety Rule, which sets food safety 
standards for farms in an effort to minimize the risks of 
microbiological contamination that may occur during the 
growing, harvesting, packing, and holding of fresh 
produce was finalized in November 2015. This rule is 
among seven major rules that were recently finalized by 
the Food and Drug Administration (FDA) and span across 
the supply chain.  (Source: UMass Vegetable Notes, Vol. 
30, No. 4, April 19, 2018) 
 

 
 
 
 
 
 
 

 

https://www.fda.gov/downloads/Food/GuidanceRegulation/FSMA/UCM472499.pdf
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2018 Organic Certification Cost Share Program 
 
 [MDAR] is pleased to announce that the Massachusetts 
Department of Agricultural Resources is authorized by 
the USDA – Agricultural Marketing Service (AMS) to 
reimburse certified Organic Crop and Livestock 
Producers and Handlers (processors) for the Federal 2018 
Fiscal Year.  

Reimbursements are limited to 75% (seventy-five 
percent) of an operation’s certification costs, up to a 
maximum of $750 (seven hundred fifty dollars) of 
certification, for the program year. Organic operations 
certified for crops, wild crops, livestock and handlers are 
eligible to participate. Details and application here. 

 
UPCOMING MEETINGS: 
May 8, 2018 – UMass Fruit Twilight Meeting, 5:30. Apex Orchards, 225 Peckville Rd., Shelburne MA.  Bloom time disease and 

insect management, fruit thinning will be topics of discussion. Two pesticide re-certification credits. Pre-registration is not 
required but $20 meeting fee for individuals getting pesticide credits will be collected at the door.   For more information go 
to: http://ag.umass.edu/fruit/events/fruit-twilight-meeting-6. 

May 10, 2018 - UMass Fruit Twilight Meeting, 5:30. Foppema’s Farm, 9 McClellan Rd., Wilkinsville, MA 01590.  Bloom time 
disease and insect management, fruit thinning will be topics of discussion. Two pesticide re-certification credits. Pre-
registration is not required but $20 meeting fee for individuals getting pesticide credits will be collected at the door.  For more 
information go to: http://ag.umass.edu/fruit/events/fruit-twilight-meeting-7  

May 10, 2016 – UNH Coopertive Extension Farm Agritourism Safety Workshop. 9am – 4pm.  Gould Hill Orchards, 656 Gould Hill 
Rd., Contoocook, NH.  $10 per person.  50 person limit.  For more information or to register, click here:  

May 16, 2018 - New Hampshire Tree Fruit Meeting, 5:30 – 7:30, Carter Hill Orchard, 73 Carter Hill Rd Concord NH.  We'll discuss 
the Merrimack County Conservation District's equipment rentals that are available, as well as discuss peach crops, current 
year's weather & pest outlook and proactive steps being taken. 2 Pesticide Credits available.  For more information, click here.  

May 24, 2018 – RI Fruit Growers Association Small Fruit Twilight Meeting at 5:30. Ward's Berry Farm, 614 S. Main St, Sharon, MA. 
Dale Ila Riggs from The Berry Patch in Stephentown, NY, will share with us her experience using exclusion netting to protect 
berries from spotted wing drosophila 

June 14, 2018 – RI Fruit Growers Association June Twilight Meeting at 5:30. Barden's Family Orchard, 56 Elmdale Rd., North 
Scituate, RI   

June 19, 2018 – UMass Respirator Train the Trainer and Fit Test Workshop, 1:30pm-3:40pm. Best Western, Marlborough, MA (181 
Boston Post Road Route 20 West). Workshop fee is $30 per person.  More info at: 
http://www.umass.edu/pested/training_workshops/2018_Respirator_Fit_Train_the_Trainer_Workshops.htm 

June 20, 2018 – New Hampshire Tree Fruit Meeting, 5:30 – 7:30. Pine River Orchards, 314 Pine River Rd Effingham NH.  At this 
location, we will be discussing business management practices for a small pick-your-own orchard while we tour  Joe and 
Cindy Daigle's orchards. Pesticide credits pending.  More info soon. 

July 11, 2018 – New Hampshire Tree Fruit Meeting, 5:30 - 7:30. Alyson’s Orchard, 615 Wentworth Rd., Walpole NH.  Storing 
Honeycrisp Protocol will be presented by Jon Clement of UMass Cooperative Extension.  Pesticide credits pending.  More 
info soon. 

 
 

Berry Notes is edited by Sonia Schloemann with articles written by other contributors with 
attribution; sources are cited. Publication is funded in part by the UMass Extension 
Agriculture & Landscape Program, subscription fees and generous underwriting. 

Questions can be directed to Sonia Schloemann at sgs@umass.edu. Please cite this source if 
reprinting information that originates here. 

Massachusetts Berry Notes is a publication of the UMass Extension Fruit Program, which provides research based information on integrated management of soils, 
crops, pests and marketing on Massachusetts Farms. No product endorsements of products mentioned in this newsletter over like products are intended or implied. 
UMass Extension is an equal opportunity provider and employer, United States Department of Agriculture cooperating. Contact your local Extension office for 

information on disability accommodations or the UMass Extension Director if you have complaints related to discrimination, 413-545-4800 

 

https://www.mass.gov/how-to/apply-for-the-organic-certification-cost-share-program
https://extension.unh.edu/events/agritourism-farm-safety-workshop?utm_source=AdaptiveMailer&utm_medium=email&utm_campaign=Statewide Tree Fruit April 2018&org=785&lvl=100&ite=4402&lea=1349777&ctr=0&par=1&trk=a0W0f00000RqxXdEAJ&utm_source=AdaptiveMailer&utm_medium=email&utm_campaign=Statewide Tree Fruit April 2018&org=785&lvl=100&ite=4402&lea=1349777&ctr=0&par=1&trk=a0W0f00000RqxXdEAJ
https://extension.unh.edu/events/new-hampshire-fruit-growers-association-twilight-meeting-and-tour?utm_source=AdaptiveMailer&utm_medium=email&utm_campaign=Statewide Tree Fruit April 2018&org=785&lvl=100&ite=4402&lea=1349777&ctr=0&par=1&trk=a0W0f00000RqxXdEAJ&utm_source=AdaptiveMailer&utm_medium=email&utm_campaign=Statewide Tree Fruit April 2018&org=785&lvl=100&ite=4402&lea=1349777&ctr=0&par=1&trk=a0W0f00000RqxXdEAJ

