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to resistance?
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Is fungicide resistance 
threatening your yields?
Discover how to manage 
fungicide resistance in crops.

Are you dealing with 
herbicide resistant weeds?  
Find tips for managing herbicide-
resistant weeds, like kochia, wild 
oats and waterhemp. Have resistant insects 

taken over your pest 
control strategy?
Get new ideas about 
integrated pest 
management.

WHY IT’S IMPORTANT  Waterhemp (Amaranthus tuberculatus) is a non-native annual weed 

rapidly spreading across Canada (Figure). Currently found in Ontario, 

Quebec, and Manitoba, waterhemp prefers moist or wet conditions 

with full or partial sun, similar to many economically important crops.  

MANAGING HERBICIDE-RESISTANT WATERHEMP

WHY WATERHEMP IS A PROBLEM
• Resistant to herbicides – Most waterhemp in 

Canada is resistant to at least one herbicide 

mode of action, with multiple resistance common.

• Becomes resistant quickly – In as little as three 

cycles of use, waterhemp can evolve resistance 

to a post-emergence herbicide due to its 

extensive genetic diversity.
• Has a large emergence window – From spring  

to early autumn• Grows rapidly – grows 2.5 cm - 4 cm per day

• Produces millions of long-lasting seeds, even 

young – Can produce up to 4.8 million seeds 

per female (300,000 - 1 million under the crop 

canopy), rapidly increasing the soil seed bank. 

Seeds become viable as soon as seven days 

after pollination and can persist in the soil  

for about eight years.• Spreads easily – Seeds produced are small  

(~1 mm), facilitating spread through the 

movement of plants, farm equipment,  

migratory animals and birds. 

DEVELOPING HERBICIDE RESISTANCE

Waterhemp is dioecious (separate male and female plants), 

contributing to high genetic diversity and rapid herbicide 

resistance development. As a member of the Amaranthus 

(pigweed) family, it resembles related species, including  

redroot pigweed, green pigweed and Palmer amaranth and may hybridize with other 

pigweeds. Hybrid pigweeds may inherit herbicide resistance from one or both parents  

and have mixed morphology making it even more difficult to identify species.

Waterhemp is hard to distinguish from other pigweeds, making early detection 

difficult. See the Palmer amaranth fact sheet for identification help.

DETECTIONS IN CANADA

Most waterhemp found in Canada is 

resistant to two or more herbicide modes 

of action – and up to five modes of action 

in Ontario and Quebec. 

IDENTIFICATION

Female Flowers

Male Flowers

Palmer amaranth, like waterhemp, has female and male flowers on separate plants. Female 

flowers of Palmer amaranth have prickly bracts, while male flowers do not. Seed heads are 15  

to 60 cm in length. 

The most common characteristic to identify Palmer amaranth is the petiole (a stalk that attaches 

the leaf to the plant stem) which is usually longer than the leaf blade. Sometimes leaves will 

also have a “V” mark or dark red/purple patch (watermark) on the leaf blade. It is important  

to note that other pigweeds can sometimes also have this mark.

HOW CAN A GROWER HELP? In order to prevent establishment, it is critical for growers to be on the lookout for Palmer 

amaranth. The first step is identification. Differentiating between pigweed species can be a 

challenge, so here are some visuals of key features to easily spot Palmer amaranth in your field.?
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Sometimes Palmer amaranth leaves can be identified by a “V” mark 

or dark red/purple patch (watermark).

The petiole of a Palmer amaranth plant is usually longer than the leaf blade.

Hairless

Hairless

Small fine hairs

Small fine hairs

KEY DISTINGUISHING FEATURES

Palmer amaranth

Waterhemp

Green pigweed

Redroot pigweed

• Hairless • Broad ovate  shape• No waxy sheen• Petiole longer  than leaf blade

• Female and male flowers  

on separate plants
• Spiny bracts on female 

flowers • Female and male flowers  

on separate plants
• No spiny bracts • Female and male flowers  

on the same plant
• No spiny bracts • Female and male flowers 

on the same plant
• Bristly but no spiny bracts

• Hairless• Narrow  lanceolate  shape• Waxy sheen• Petiole shorter  
than leaf blade

• Few small fine  
hairs• Ovate shape• Waxy sheen• Petiole shorter  

than leaf blade

• Hairs visible to  
the naked eye• Ovate shape• Rough surface• Petiole shorter  

than leaf blade
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1. Scout for pests and insect damage2. Rotate crops and traits3. Plant a refuge
4. Manage with insecticides if thresholds are reached
5. Keep accurate records
Some fields are at higher risk of developing CRW resistance. High-risk 

fields include those:
• in continuous corn production (3+ years) with a history of repeated use of 

hybrids targeting CRW (Bt-RW; below-ground insect protection). This map 

shows where corn is grown in continuous acres across Canada.
• in regions with higher concentrations of livestock production. 
• that have experienced high CRW beetle populations in recent years. 

• fine-textured soils such as loams, silts and clays are more suitable for 

rootworm egg laying and larval survival, though sandy soils with  

adequate moisture can also be at risk.RECOMMENDED MANAGEMENT MEASURESWhen planting Bt-RW hybrids (providing below-ground insect protection), 

rotating to a different Bt-RW hybrid may not control Bt resistant CRW and  

is not the recommended practice to manage Bt resistant rootworm. 

Fields in 
continuous corn production are  at high risk  

of developing  CRW resistance.

In fields with Bt resistant 
CRW, the only viable mitigation measure is  

crop rotation.    

Corn rootworm (CRW) management requires a long-term strategy for prevention of resistance development  

to the available control tools. Resistance can happen before symptoms become obvious. Yield loss and reduced tonnage due to root 

feeding can occur before fields exhibit secondary symptoms such as goosenecking or lodging. 

All corn growers should implement best management practices (BMPs) to proactively manage the 

development of CRW resistance to Bt corn. These BMPS include:

MANAGING CORN ROOTWORM RESISTANCE TO BT CORN  
IN CONTINUOUS CORN FIELDS 

BEST MANAGEMENT PRACTICES (BMP) 

SELECT FUNGICIDES STRATEGICALLY

Before selecting a fungicide, it’s important to first understand the resistance 

risk of the fungicide, the specific disease, and the impact of agronomic 

conditions. If possible, and where high resistance risk exists (for certain 

pathogens), plan to mix and rotate fungicide groups active on the pathogen.

Some diseases are more likely to develop resistance, and some fungicides 

are easier for diseases to develop resistance to. Knowing the risk level 

in your crop/disease combination can help you choose effective cultural 

practices and pest control products. Use fungicides that are labelled for  

the diseases that pose a threat to your crop yield.1 

The more mode of action options that will control the target 

disease, the better

Fungicides are grouped according to their mode of action (MoA), and these 

groups are classified according to their risk level of developing resistance. 

Group codes (also known as FRAC2 Codes) are included on all fungicide 

labels and are organized by numbers and letters (there are currently  

45 numbered groups and 3 lettered groups).  

Crop, pathogen type and environmental conditions all factor into disease development. Using 

fungicides appropriately can significantly reduce disease levels in crops. However, some diseases 

can become resistant to certain fungicides. Fungicide resistance affects many crops in Canada.  

To effectively manage disease and fungicide resistance, a series of best management practices 

(BMPs) are recommended. This article focuses on two practices and how to put them to use. 
KEYS TO MANAGING FUNGICIDE RESISTANCE:  

PART B: Selecting fungicides strategically and maximizing fungicide efficacy 

Knowing the 

risk level in your 

crop/disease 

combination can 

help you choose 

effective cultural 

practices and pest 

control products.

BEST MANAGEMENT PRACTICES (BMP) 
USE AGRONOMIC PRACTICES THAT PROMOTE HEALTHY PLANTS  TO REDUCE DISEASE RISK
It is essential to use cropping practices that promote healthy plants and,  
in turn, reduce disease risk.
Before planting, select crop cultivars or varieties that are resistant to 
prevalent diseases in your area. For example, if you know that net blotch  
is an issue on barley on your farm, plant a variety that is either moderately 
resistant or resistant to this disease. Diseases will reproduce more slowly  
or not at all on partially resistant or resistant varieties. It’s important to  
be aware that different diseases have different levels of risk to resistance.It’s also important to know the specific conditions that contribute to disease 
development, such as multiple rain events, and disease issues that have 
occurred in your fields and neighbouring fields in previous years. If there 
are high-risk areas on your farm (e.g., areas with poor drainage), monitor 
and manage these areas separately. 

Crop, pathogen type and environmental conditions all factor into disease development. Using 
fungicides appropriately can significantly reduce disease levels in crops. However, some diseases 
can become resistant to certain fungicides. Fungicide resistance affects many crops in Canada.  
To effectively manage disease and fungicide resistance, a series of best management practices 
(BMPs) are recommended. This article focuses on two practices and how to put them to use. 

KEYS TO MANAGING FUNGICIDE RESISTANCE:  PART A: Promoting healthy plants and evaluating the need for disease control 

Before planting, 
select crop 
cultivars or 
varieties that  
are resistant  
to prevalent 
diseases in your 
area. Diseases  
will reproduce 
more slowly or not 
at all on partially 
resistant or 
resistant varieties.
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RISING RESISTANCE Managing wild oats (Avena fatua) has been a challenge for Canadian growers 

for decades, especially in the Prairie provinces. Wild oats can cause severe 

yield losses, increased dockage, cleaning costs, and lower grade and quality. 

Wild oat is an annual grassy weed that reproduces only by seed. 

MANAGING HERBICIDE-RESISTANT WILD OATS 

What does this mean?Wild oats with (multiple) resistance to both Groups 1 and 2 herbicides leave 

growers with very limited herbicide control alternatives.

Herbicide-resistant wild oats are a serious problem and resistance is on the rise. An initial wild oat herbicide-resistant survey1 in Western Canada conducted 20 years ago revealed resistance to Group 1 herbicides was found in 15% of Western Canadian fields, and today,  it’s over 60%.

62% 34% 27%

of fields have herbicide resistant wild oat populations1

of those fields have populations resistant to Group 1 herbicides
have populations resistant to Group 2 herbicides

have populations that with multiple resistance to both Group 1 and Group 2 herbicides

69%

1

KOCHIA: A GROWING CONCERN 

Kochia (Bassia scoparia) is an annual broadleaf noxious weed that is an increasing concern for crop 

producers throughout Canada. 

The troublesome weed can significantly impact crop yield. Research shows mean 

yield losses are greatest in grain corn, followed by sorghum, soybean, sugar beet, 

silage corn, sunflower, spring wheat, field pea, canola and oat. Near-complete crop 

failure (>90% yield loss) was observed in corn, sorghum, sugar beet and sunflower.1

Proper management practices can help growers protect yield and preserve their 

crop protection options for the future.

WIDELY ADAPTABLE AND PROLIFIC SPREADER

Kochia is difficult to control due to its ability to spread quickly and to thrive in challenging conditions such as heat, 

drought and high-saline soils. 

MANAGING HERBICIDE-RESISTANT KOCHIA

Preventing kochia from setting seed (in field and non-crop areas) is critical to reducing its spread 

YEAR 1, SUMMER

YEAR 1, FALL

YEAR 2, SPRING

Each kochia plant produces 

15,000 seeds on average, ranging 

up to 120,000 seeds per plant.

If left uncontrolled, the stem of a mature 

plant will break at its base and roll like 

a tumbleweed across fields, dispersing 

seeds as it goes. Avoiding this from 

happening is critical.

When a resistant plant sets seed, 

thousands of those seeds will 

germinate the following year and a 

resistant population can build quickly. 

A tell-tale sign of this is a ‘kochia trail.’
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Grain Corn 

Sorghum 

Soybean 

Sugar Beet

Silage Corn
Sunflower

Spring Wheat

Field Pea

Canola
Oat
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Crop yield losses due to kochia

BEST MANAGEMENT PRACTICES 

Before using an insecticide, you should always identify the pest correctly  

and monitor population levels in the crop. Only treat if action thresholds 

(i.e., pest numbers or damage level) are met or if forecasting models expect 

them to be met.

Know the insect and life cycle stage 

It is critical to positively identify insect pests before spraying your fields. 

Misidentification may result in using the wrong insecticide and, as a result, 

require a follow-up application. If you are unsure, take a sample insect  

to a crop advisor or extension specialist for identification.

For insecticides to be most effective, you must also be aware of the life  

cycle and life stage of the insect. Some insects develop in plant parts or 

in the soil for part of their lives and are protected from insecticide spray. 

Knowing the pest life stage will help predict when they are out in the open 

and vulnerable to insecticide applications. Vulnerable life stages differ  

for each insect and application effectiveness can be product specific.  

For more information, consult fact sheets available from your provincial  

IPM specialist and the product label for the best time to spray.

MANAGING INSECTICIDE RESISTANCE:  

Evaluating the Need for Insecticide Application

Using insecticides appropriately can significantly reduce pest populations that threaten crop yield 

and quality. However, some insects can become resistant to insecticides. More than one-third of 

Canadian growers are concerned that insecticide resistance will increase in the next five years. 

Growers can slow the development of resistance by taking three actions: evaluate the need for  

an insecticide; follow insecticide best practices; and practice Integrated Pest Management (IPM).  

This factsheet focuses on how to evaluate whether an insecticide application is needed.  

Adult

Egg

Larva

Pupa


