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Introduction
Herbicides are an essential tool for weed control in crops and have been for over 70 years. The use and 
variety of herbicides continues to increase, and these pesticides are now considered a required part of 
modern, non-organic agricultural production.  

The public is increasingly aware of and concerned about the environmental effects of pesticide products 
and their application. In response to this concern, manufacturers are ensuring that new products are more 
specific in their selected pest spectrums and that chemical persistence in the environment is reduced. 
Many newer pesticides have short half-lives in the field and are considered to be more environmentally 
friendly.  

This increasing concern about pesticides has also brought about a greater emphasis on integrated weed 
and pest control: integrated pest management (IPM) as it is commonly known. 

IPM is a pest control strategy that incorporates all possible methods of control (physical, mechanical, 
chemical, biological, genetic and cultural) in combination with an assessment of costs and benefits to the 
broader environment.  

Integrated weed management is part of an IPM strategy, assessing crop loss risk due to weeds against 
the costs of using the appropriate control measure. IPM is a responsible system of pest control, using 
applicable control measures when economics and conditions warrant them. 

The safe use of pesticides is outlined on pesticide labels, and the information is also accessible through 
the PMRA (Pest Management Regulatory Agency) website. All registered herbicides are listed at PMRA 
along with their label information.  

Possible causes of herbicide injury
Every year, herbicide drift, or carryover, damages susceptible crops. Drift occurs when non-target plants 
are affected by herbicides that move beyond their intended target area. Carryover results from residues 
left in the soil from previous herbicide applications. 

This information resource is designed to help observers recognize herbicide action and injury in the field 
and assist in the understanding of how herbicides work. To allow for the correct diagnosis of herbicide 
injury, this resource also contains images of plants affected by environmental or disease conditions that 
can be confused with herbicide injury. 

When determining the cause of an injury, it is essential to collect as much information as possible, 
because many symptoms are similar between herbicide injury and other causes. 

Spray drift causes and solutions
The basic function of a herbicide is to control weed growth because weeds compete with the crop for 
nutrients, water and light. To fulfill their function, herbicides have to come into contact with the target 
weeds and possibly be absorbed into the pest plant and not be lost to the air, soil or water.  

When spraying herbicides, there is a constant tradeoff between getting good plant coverage and covering 
the maximum acreage with the least time lost between spray tank fills. There is always pressure to get the 
fields sprayed within a limited time, as the window of greatest effectiveness is relatively short. Rarely are 
there ideal conditions for this operation. Sometimes, shortcuts or spraying when wind and weather 
conditions are inappropriate can lead to spray drift and cause damage to neighbouring, non-target crops. 
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Several factors affect spray drift. Most of these are micro-meteorological conditions or sprayer set up 
issues. The best way to prevent spray drift is to spray only in the correct conditions and with a properly 
calibrated sprayer with low drift nozzles. Conditions are rarely ideal for spraying, but by understanding 
causes of drift, you can reduce the likelihood of damage happening.  

Wind speed and atmospheric stability 
The two most important meteorological factors leading to spray drift are wind speed and atmospheric 
stability. If wind speed increases, so does the drift. Using an 8001 tip at 50 L/ha means you will lose 
about three per cent to drift in a 10 km/hr wind, which increases to seven per cent with a 20 km/hr wind 
and 11 per cent with a 30 km/hr wind. It is best to spray with some wind coming in a constant direction. 
Too little wind can be as dangerous as too much. 

Under normal, sunny conditions, the air near the ground is much warmer than the air higher up. This 
situation causes turbulence in the air, and adjacent air layers mix readily, which quickly dilutes any drift by 
mixing it with more air. However, under very stable conditions with little or no wind, air inversions can 
occur, where clouds of vapour can be airborne for a long time, causing injury at a distance from the 
application site.  

If wind speed increases, the drift cloud can move onto non-target areas and cause significant damage. 
Most complaints of drift damage occur under a temperature inversion situation.  

Temperature and relative humidity 
As soon as the spray solution is atomized by the nozzle, droplets begin to evaporate. Many do not even 
make it to the ground. Temperature and relative humidity greatly affect how quickly the droplets 
evaporate.  

Under warm, humid conditions (20˚C and 80% relative humidity), a 100 µm (1/1,000,000 of a metre) 
droplet evaporates completely within 57 seconds. The same droplet evaporates in 16 seconds at 30˚C
and 50% relative humidity. A 50 µm droplet only lasts 4 seconds under hot, dry conditions, falling only 15 
cm.  

Droplet size 
Droplet size is a big factor in drift problems and can be influenced in different ways. 

There are two approaches to reducing drift by using sprayer settings. One method is to reduce the 
proportion of fine, drift-capable droplets, the other approach is to protect the spray from the wind by using 
physical shields, such as sprayer hoods or shrouds. Most field sprayers have moved away from physical 
shields and toward low drift nozzles. 

Reducing drift by increasing droplet size is realized by decreasing spray pressure. High pressure gives a 
finer spray, while low pressure gives coarser spray droplets. However, reduced pressure also reduces 
water volume, and travel speed also has to be adjusted downward.  

Another way to reduce drift-capable droplets is to use larger orifice nozzles. This change increases output 
and requires an increase in travel speed to compensate. The best way to reduce the drift capability of the 
spray droplets is to use low drift nozzles. These nozzles can be used at conventional pressures and will 
deliver lower drift spray with more coarse droplets. There are many low drift nozzle available in the coarse 
to medium coarse droplet range. 

Adjuvants 
Drift-reducing spray adjuvants also increase spray coarseness by increasing the viscosity of the solution. 
These adjuvants do have drawbacks. For some herbicides, the adjuvants can reduce the effectiveness of 
the herbicide on weeds. They can also change the spray pattern emitted by the nozzle. The spray pattern 
can be so severely affected that uneven weed control can result. 
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Travel speed 
Faster travel speeds (>16 kph can cause increased air shear stress on the spray sheet leading to smaller 
droplets. Also, faster speeds cause the spray to stay aloft longer as it gets swept back due to air 
resistance. As sprayers get larger, boom lengths increase and variation in boom height also increases 
due to bouncing over the field. These factors all add to increased variability of applied herbicide and affect 
drift. 

Boom height 
Boom height affects drift. Lowering the boom will minimize the distance droplets need to travel to the 
target plants. Higher booms are more susceptible to errant winds.  

Shrouds on the booms have proven to reduce spray drift. In field testing, shrouds were able to reduce 
drift by 75 per cent when using an 8001 nozzle applying 50L/ha. Cones allow greater ground clearance 
and will not contaminate susceptible crops with spray residue on the shielding material. Cones can 
reduce drift by 30-to-50 per cent.  

Coarse spray 
Although you can minimize drift by using a coarse spray, such use brings up other issues for 
consideration. The coarser sprays are less well retained by weeds, especially grassy weeds, which have 
a smaller leaf area and vertical orientation.  

A coarse spray has fewer and bigger droplets. Big droplets can bounce off the foliage and may not be 
retained by the plant.  

Air-induction nozzles mix air with the spray solution by drawing air through a small hole in the nozzle side, 
increasing droplet size. The spray is very coarse and emits spray containing air bubbles. On impact, the 
bubbles shatter, spreading smaller droplets over the leaf.  

New technologies are being developed to reduce drift with improved nozzles and sprayers. Drift may not 
be eliminated, but the risk of spray drift can certainly be reduced using the latest technology.  

Herbicide residues

Injury from herbicide residues can also occur. A number of popular herbicides can affect sensitive 
crops over a year after application. Table 1 lists some of the more common herbicides with potential 
residual activity issues.  
When a herbicide is adsorbed, it attaches to clay particles and is removed from activity. In some cases, 
the adsorption is reversible, increasing herbicide activity. 
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Table 1: 

Residual herbicides 
Herbicide 
group 

Active ingredient Crops that may be grown 
1 year after application 

Soil interactions 

Group 2 Imazamox (Solo©) Any labelled crop other 
than condiment mustard. 

Adsorption increases 
with clay content and 
organic matter (OM). 

Imazapyr (Ares©) Pea, lentil, Clearfield 
canola, canaryseed, oat, 
barley, corn, chickpeas, 
and spring wheat. 

Weakly bound to soil. 
Half life from 25 – 142 
days, depending on soil 
OM, pH. 

Imazamethabenz (Assert©) Black and Grey wooded 
soils: spring and durum 
wheat, barley, sunflower, 
canola flax, peas. 

Brown and Dark brown 
soils: spring and durum 
wheat, barley, sunflowers, 
Clearfield canola. 

Adsorption increase 
with lower pH and 
higher clay and OM 
content. 

Imazethapyr (Pursuit©/Odyssey©) Pursuit in Black, Grey-
wooded and irrigated 
brown soils: spring wheat, 
Clearfield canola, peak 
lentil, alfalfa. Barley only in 
the Black and Grey 
wooded soil zone. 

Odyssey: barley, Clearfield 
canola, canaryseed, 
chickpeas, spring and 
durum wheat, fababeans, 
corn, peas, lentils, oats.  

Weakly bound to soil. 
Adsorption increases 
as OM and clay content 
increase. Adsorption is 
reversible. 

Flucarbazone sodium (Everest©) Brown soil zone: spring 
wheat. 

Dark Brown soils: spring 
and durum wheat, barley, 
canola, pea(pH below 7.5, 
OM>4%), flax . 

Black soils –spring and 
durum wheat, barley, 
canola, bean, flax, pea  
(pH <7.5, OM> 4%). 

Grey wooded soil- spring 
wheat, barley, canola and 
pea (pH<7.5, OM >4%). 

Soluble in water, 
subject to some 
leaching. Fairly quick to 
degrade in soils, stable 
in water. Persistent in 
drier and low organic 
soils. 

Ethametsulfuron methyl (Muster©) Spring and durum wheat, 
barley, oats, flax. 

Persistent in water. 

Halosulfuron (Permit©) Dry beans, corn, wheat, 
oats, barley, potato, pea, 
forage legume, soybean. 

Moderately adsorbed to 
soil. Rapidly degraded 
under aerobic 
conditions. 
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Metsulfuron-methyl (Ally©, Escort©) Spring and durum wheat, 
barley, oats, fescue, 
pH<6.9 canola and flax. 

Do not use in soils with 
a pH>7.9. Mobile in 
water 

Nicosulfuron (Accent©) Winter wheat(4 months), 
spring cereal, canola, pea, 
flax, corn, potato, dry 
bean, sunflower, alfalfa. 

Rapidly degrades under 
aerobic conditions. 

Rimsulfuron(Prism©) Barley, soybeans, white 
beans, red clover, 
sorghum, corn and 
potatoes. 

Breaks down fairly 
rapidly. Most stable at 
neutral pH. 

Triflusulfuron methyl (Upbeet©) All wheats, barley. Rapidly degrades in 
soil. Adsorption 
declines with increasing 
pH. 

Pyroxsulam (Simplicity©) Barley, brown mustard, 
canola, corn, dry bean, 
flax, canola quality
Brassica juncea, lentil, 
oats, peas, potato, 
chickpea, spring wheat, 
soybean, sunflower, yellow 
mustard. 

Mobile in soil. 
Degraded by soil 
microbes and with 
water and sunlight. 
Persists in anaerobic 
situations.  

Thiencarbazone-methyl (Varro©) Alfalfa, barley, 
canaryseed, corn, oats, 
canola, chickpea, dry 
bean, flax, lentils, mustard, 
peas, soybean, sunflower, 
timothy, all wheats. 

Somewhat mobile in 
soil. Degraded fairly 
rapidly by soil 
microbes. Persists in 
anaerobic soil 
conditions. 

Group 3 Ethafluralin(Edge©)/trifluralin(Treflan©) Do not grow oats, sugar 
beets, small seeded 
grasses (timothy, 
canaryseed, fescues). Do 
not zero till a crop after 
using the previous year. 

Strongly adsorbed to 
soil organic matter. 
Potential problem in low 
OM soils. Degraded by 
sunlight and some 
microbes.  

Group 4 Dicamba (Banvel©, Engenia©) White beans, cereals, 
corn, soybeans. 

Low-to-medium 
leaching, degrades by 
microbial action. 
Drought can increase 
residue in soil. 

Clorpyralid (Lontrel©, Curtail M©, 
Spectrum©, Prestige©) 

Barley, canola, forage 
grasses, flax, mustard, 
oats, rye, wheat.  

Broken down by soil 
microbes. Does not 
bind well to soil and is 
very mobile. 

Fluroxypyr (Attain©, etc) Barley, canola, flax, forage 
grasses, lentils, mustard, 
oats, peas, rye, wheat. 

Broken down by 
microbes and 
hydrolysis. Mobile in 
water. Rapidly broken 
down. 

Picloram (Tordon©, Graxon©) Pasture herbicide or spot 
treatment. 

Very slow 
environmental 
breakdown. All 
broadleaf plants 
affected. 

Phenoxy’s (2,4-D, MCPA, etc) Breaks down within 
one-to-two months. 

Group 5 Atrazine (Aatrex©) Sorghum, corn, flax, 
fababeans, peas. 

Soluble and persistent 
in water. 
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Metribuzin (Sencor©) Wheat, oats, barley, rye. Soluble in water, mostly 
degraded microbially. 
Adsorbed to organic 
matter, less so to clay. 
Persistence tends to be 
an issue in high OM or 
acidic soils. 

Group 13 Clomazone (Command©) Soybeans, corn, bean, 
pea, potato, canola, spring 
wheat. 

Water-soluble and can 
move in water. 

Group 14 Sulfentrazone (Authority©) Alfalfa, barley, canola, 
corn, wheat. 

Mobile in water, 
volatile, persistent in 
soil. 

Group 27 Pyrasulfotole Alfalfa, barley, 
canaryseed, canola, flax, 
pea (>2.5% OM, >, 
pH<7.5), oats, wheat, 
potato, sunflower. 

Somewhat mobile in 
water. Microbial 
breakdown. 

Herbicide groups
Herbicides are grouped according to their mode of action (how they function). When described, these 
chemicals are often identified as being part of a herbicide group: Group 1, Group 2, etc. This 
differentiation of herbicide groups is very important in preventing herbicide resistance from developing. 
Using different modes of action and different herbicide groups to control problem weeds will help to keep 
resistant weeds out of the field. Please refer to the appendix for Table 2 on Herbicides Classified by Mode 
of Action. (after this statement please remove the table below and place is in the appendix 

Table 2: 
Herbicide Group Classification by Mode of Action 

Mode of Action Chemical 

family 

Active 

ingredients 

Found in* 

Group 1 

Inhibitors of 
acetyl CoA 
carboxylaseAC
Case, These 
chemicals 
block an 
enzyme called 
ACCase. This 
enzyme helps 
the formation 
of lipids in the 
roots of grass 
plants. Without 
lipids, 
susceptible 
weeds die.  

Aryloxypheno
xy 
proprionate 
(Fop) 

clodinafop 
propargyl 

Foothills SG, Harmony K, Harmony 
Max, Harmony SG, Horizon SG, 
Ladder, MPower Aurora, NextStep SG, 
NuFarm clodinafop, Signal D, Signal 
M, Signal F, Signal FSU, Traxos 

fenoxaprop-p-
ethyl 

Bengal, Cordon, MPower Hellcat, 
Puma Super, Puma Advance, Tundra, 
WildCat, Vigil 

quizalofop-p-
ethyl 

Assure II, Yuma 

Cyclohexanedi
ones (Dim) 

clethodim Arrow 240 EC, Centurion, Select, 
Shadow RTM 

sethoxydim Poast Ultra, Odyssey Ultra 

tepraloxydim Equinox, Odyssey DLX 

tralkoxydim Liquid Achieve, Bison, Marengo, 
Nufarm Tralkoxydim 

Phenylpyrazoli
n (Den) 

pinoxaden Axial, Axial iPak, Axial Xtreme, 
Broadband, Traxos 

Group 2 

ALS/AHAS Imidazolinone AC 299,263 120 Altitude FX 
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inhibitors. 
These 
chemicals 
block the 
normal 
function of an 
enzyme called 
acetolactate 
(ALS) 
actohydroxy 
acid (AHAS). 
This enzyme is 
essential in 
amino acid 
(protein) 
synthesis. 
Without 
proteins, 
plants starve 
to death. 

s AS 

imazamethabenz Assert 300, Assert FL, Avert 

imazamox Ares, Salute, Solo, Tensile, Viper 

imazamox + 
imazethapyr 

Odyssey, Odyssey DLX, Odyssey 
Ultra 

imazapyr Arsenal, Ares, Salute 

imazethapyr Gladiator, Multistar, Pursuit, MPOWER 
Kamikaze 

Sulfonylamino
-
carbonyltriazo
linones 

flucarbazone 
sodium 

Everest, Inferno Duo, Pace 

Amide dimethenamid-P Outlook 

Sulfonylureas chlorsulfuron Telar, Truvist 

ethametsulfuron 
methyl 

Muster 

metsulfuron-
methyl 

Ally Toss-N-Go, Escort, Accurate, 
Express Pro, Reclaim, Travallas 

nicosulfuron Accent 

rimsulfuron Prism, Titus Pro 

thifensulfuron-
methyl 

Barricade, Broadside, Deploy, Harmony 
K, Harmony Max, Harmony SG, Nimble, 
Refine SG, Retain, Trevallas, Triton C 

tribenuron-
methyl 

Barricade, Broadside, Deploy, 
Express Pack, Express SG, Express 
Pro, FirstStep Complete, Harmony K, 
Harmony Max, Harmony SG, Inferno 
Duo, Inferno WDG, KoAct, Nimble, 
MPower R, MPower X, Nuance,  
Refine SG, Refine M, Retain, Signal 
FSU, Triton C, Triton K 

triflusulfuron 
methyl 

UpBeet 

Pyrazole Halosulfuron Permit 

Triazolpyrami
dines 

florasulam Assert FL, Benchmark, Broadband, 
Frontline, Frontline XL, Frontline 2,4-
D, Korrex, Paradigm, PrePass, 
Priority, Spectrum, Spitfire, Stellar, 
Topline 

pyroxsulam Simplicity,Tandem 

Triazolones thiencarbazone-
methyl 

Velocity m3, Varro 

(continued) 

* A herbicide may appear in more than one group if it contains more than one active ingredient.
Herbicide Group Classification by Mode of Action 

Mode of Action Chemical 

family 

Active 

ingredients 

Found in* 

Group 3 

Microtubule 
assembly 
inhibitors. 
These 
chemicals 
inhibit the cell 
division in 
roots. 

Dinitroanilines ethalfluralin 
trifluralin 

Edge
Bonanza, Fortress, Rival, Treflan 
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Group 4 

Synthetic 
auxins. These 
chemicals 
disrupt plant 
cell growth in 
the newly 
forming stems 
and leaves. 
They affect 
protein 
synthesis and 
normal cell 
division, 
leading to 
malformed 
growth and 
tumors. 

Benzoic acids dicamba Banvel II, Distinct, DyVel, DyVel DSp, 
Glykamba, Harmony K, Hawkeye 
Power, Korrex, Oracle Dicamba, 
Pulsar, Rustler, Sword, Target, 
Takkle, Tracker XP, Triton K, 
Vanquish, VMD 480 

Carboxylic 
acids 

clopyralid Curtail M, Eclipse III, Lontrel, 
Momentum, Prestige, Prestige XC, 
Salute, Spectrum, Tensile 

aminopyralid Reclaim, Restore II 

fluroxypyr Altitude FX, Attain XC, Axial Xtreme, 
Barricade, Enforcer D, Enforcer M, 
Flurox-24, Harmony Max, Momentum, 
Pixxaro, Prestige XC, Pulsar, Retain 
SG,Signal F, Signal FSU, Stellar, 
Tandem, Travallas, Trophy 

picloram Grazon, Tordon 22K 

Picolinic acid Halauxifen Paradigm, Pixxaro 

Phenoxy 2,4-D 2,4-D, Approve, Attain XC, 
Benchmark, Calmix Pellets, 
Desormone, Dichlorprop-DX, DyVel 
DSp, Enforcer D, Estaprop XT, 
Flurox-24, Frontline  
2,4-D, Grazon, KoAct, Leader, 
Reclaim, Restore II, Retain SG , 
Signal D, Thrasher, Thumper, Triton 
K, Turboprop 600 

dichlorprop (2,4-
DP) 

Desormone, Dichlorprop-DX, 
Estaprop XT, Optica Trio, Turboprop 
600 

2,4-DB 2,4-DB, Caliber 625, Cobutox 625, 
Embutox 625 

MCPA Altitude FX, Assert FL, Badge, 
Broadside, Buctril M, Clovitox Plus, 
Curtail M, DyVel, Enforcer M, 
Frontline, Frontline XL, Horizon BTM, 
Logic M, MCPA, Mextrol, Optica Trio, 
Pixxaro, Prestige XC, Refine M, 
Signal M, Spectrum, Stellar, Sword, 
Target, Tracker XP, Topline, Topside, 
Trophy, Tropotox Plus 

MCPB Clovitox Plus, Topside, Tropotox Plus 

mecoprop 
(MCPP) 

DyVel DSp, Mecoprop-P, 
Optica Trio, Sword, Target, Tracker 
XP 

quinclorac Triton C 

aminocyclopyrac
hlor 

Navist, Truvist 

* A herbicide may appear in more than one group if it contains more than one active ingredient.
Herbicide Group Classification by Mode of Action 

Mode of Action Chemical 

family 

Active 

ingredients 

Found in* 

Group 5 

Photosynthetic 
inhibitors at 

Phenyl 
carbamates 

desmedipham Betamix, Betamix ß 
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Photosystem II,  
Site A. These 
chemicals 

interfere with 
photosynthesis 
and disrupt 
plant growth, 

ultimately 
leading to 
death. 

phenmedipham Betamix, Betamix ß 

Triazines atrazine Aatrex, Laddok, Primextra II Magnum 

simazine Princep Nine-T, Simazine 480 

Triazinones hexazinone Velpar DF, Velpar L 

metribuzin Sencor, Titus Pro 

pyrazon Pyramin 

Uracils bromacil Calmix Pellets, Hyvar X/X-L, Krovar I 

Group 6 

Photosynthetic 
inhibitors at 
Photosystem II,  
Site II. 

Benzthiadiazol
es 

bentazon Basagran, Basagran Forte, Laddok, 
Viper 

Nitriles bromoxynil Approve, Axial iPak, Badge, Bromotril 
II, Brotex 240, Buctril M, Enforcer D, 
Enforcer M, Infinity, Koril, Leader, 
Logic M, Mextrol, Pardner, Thrasher, 
Thumper, Tundra, Velocity m3 

Group 7 

Photosynthetic 
inhibitors at 
Photosystem II, 
Site B. 

Ureas diuron linuron Diurex 80W, Karmex XP, Krovar I 
Linuron, Lorox 

Group 8 

Lipid synthesis 
inhibitors (not 
ACCase 
inhibition). 
These 
chemicals 
inhibit the cell 
division and 
elongation in 
the seedling 
shoots  
before they 
emerge above 
ground. 

EPTC triallate Eptam 
Avadex (Extra Strength) 
BW/MicroActiv, Fortess 

Group 9 

Inhibitors of 
EPSP 
synthesis. 
These 
chemicals 
inhibit the 
amino-acid 
synthesis. 

None glyphosate Cheminova Glyphosate, Clearout 41, 
Cleanstart, Credit, Credit 45, Eclipse 
III, FirstStep Complete, Glyphogan 
Plus, Glyfos, Glykamba, Knockout 
Extra, Matrix, Maverick III, MPower 
glyphosate, , Pace, Prepare, Prepare 
Complete, PrePass, Renegade, 
Roundup Transorb HC, Roundup 
Ultra2 Roundup WeatherMax, Rustler, 
R/T 540, Sharpshooter, Sharpshooter 
Plus, , StartUp, Takkle, Touchdown 
Total, Traxion, Vantage Plus Max II, 
Vector 

(continued) 
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* A herbicide may appear in more than one group if it contains more than one active ingredient.
Herbicide Group Classification by Mode of Action 

Mode of Action Chemical 

family 

Active 

ingredients 

Found in* 

Group 10 

Inhibitors of 
glutamine 
synthetase. 

None glufosinate 
ammonium 

Liberty 150 SN, MPower Good 
Harvest 

Group 11 

These 
chemicals 
inhibit the 
carotenoids 
biosynthesis. 

Triazole amitrole Amitrol 240 

Group 14 

Inhibits an 
enzyme of 
chlorophyll 
and heme 
biosynthesis 

Aryl triazone carfentrazone Cleanstart, Aim, Authority Charge 

sulfentrazone Authority, Authority Charge 

saflufenacil Heat 

flumioxazin Chateau, Payload, Valtera 

Group 15 

Inhibitors of 
cell growth 
and division. 

Chloroacetami
des 

metolachlor 
propyzamide 

Dual II Magnum, Primextra II Magnum 
Kerb 50W 

Group 16 

Unknown. Benzofuranyl 
alkylsulfonat
e 

ethofumesate Ethos SC, Nortron 

Group 19 

Auxin 
transport 
inhibitor 
allowing 
buildup in the 
meristem area 

Semicarbazon
e 

diflufenzopyr Distinct 

Group 20 

Inhibits 
actively 
dividing 
meristems in 
roots and 
shoots as well 
as seed 
germination 

Nitriles dichlobenil Casoron 

Group 22 

Cell membrane 
disrupters. 
Chemicals that 
disrupt the 
internal cell 

Bipyridyliums diquat 

paraquat 

Reglone Desiccant, Reglone Ion, 
Reward 
Gramoxone 
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membrane and 
prevent the 
cells from 
manufacturing 
food. 

Group 27 benzopyrazole pyrasulfotole Axial iPak, Infinity, Tundra, Velocity 
m3 

Inhibits plant 
pigment 
biosynthesis 
and 
photosynthesis 

Topramezone Armezon 

 Click on the following link to obtain the most recent versions of this table.  
https://open.alberta.ca/publications/herbicide-group-classification-by-mode-of-action 

Herbicide injury terms 
Herbicide injury is described using terms that reflect the damage caused by the herbicide to various plant 
parts. Here is a breakdown of the terms that would apply to each of the plant parts: leaves, stems, 
flowers, fruit and roots. 

Leaves 
Chlorosis: A common symptom where leaves lose chlorophyll, resulting in yellowing in many 
different patterns. 

Meristematic chlorosis: Chlorosis is initially in the meristematic regions (the growing points) of 
the plant. This condition is a typical result of translocated herbicides, such as Group 1, Group 2 
and Group 11. The chlorotic areas may appear almost yellow, white or pinkish.  

Veinal chlorosis: Yellowing in the veins of leaves, commonly called veinal chlorosis, usually 
results from root uptake of some herbicides. This symptom is typically of the herbicide Groups 5, 
6 and 7. 

Interveinal chlorosis: A yellowing of tissues between the veins of leaves. This injury is typically 
caused by some Group 5 herbicides and results from root uptake of the chemical. 

Bleaching: A whitening of plant tissue quickly followed by plant death, seen with Group 27 
herbicides. 

Marginal chlorosis: This symptom occurs as a narrow yellow band almost entirely around the 
leaf margin, sometimes called the “halo effect.” This symptom can occur from foliar uptake of 
some Group 5 herbicides.  

Mottling: Chlorosis that occurs randomly on the leaf. Parts of the leaf remain green whereas 
other portions become chlorotic. Injury occurs only on leaves that came in contact with the spray; 
new leaves that develop afterwards appear normal. Contact herbicides such as Group 6 and 
Group 22 display this kind of damage as well as occasional cases of adjuvant burn. Speckling on 
the leaf can also be caused by adjuvant burns in some situations. 

Cupping: (of leaves) Distinct cupping, usually upward, is typical of growth-hormone type herbicides, 
mostly Group 4. Cupping can also occur due to growing conditions and insect feeding. 

Crinkling of leaves: In the case of grass plant species (i.e. corn, cereals), leaves fail to emerge from the 
leaf sheath normally, and the plants remain stunted with twisted, crinkled leaves. This symptom is often 
seen with some Group 8 herbicides. 

Feathering of leaves: Typical of leaf malformations induced by translocated growth-hormone herbicides 
like Group 4 herbicides and sometimes Group 9. 
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Fiddlenecking: Occurs in the growing point of young plants. An upward curling of the older leaves is
obvious, produced by some Group 4 herbicides.

Leaf rolling: Failure of leaves to unroll normally, typical of injury symptoms on grasses causes by Group
3 herbicides.

Necrosis: Death of isolated tissue, usually follows chlorosis; tissue becomes brown and crumbly.

Marginal necrosis: Often develops on older leaves after they have exhibited a chlorotic
condition. An overdose of herbicide can cause such symptoms.

Flecking: Necrosis occurring in small spots scattered through the leaf. This symptom is caused
by contact herbicides such as some Group 6, Group 10 and Group 22 herbicides.

Stems 
Epinasty: A bending and/or twisting occurring in the stems or petioles of plants. This response
usually occurs within a few hours after exposure to a herbicide. Group 4 chemicals can often
cause such symptoms as well as the result of some plant diseases.

Abnormal stem elongation. Stem elongation of broadleaved plants may be enhanced (at low
concentrations) or inhibited (at high concentrations) by growth hormone herbicides in Group 4.
Plant viruses can also stunt plants through shortening the stem internodes.

Stem cracking: Stems become brittle and may break off in heavy winds. Stems crack near the
soil surface. These symptoms are typical of injury from some Group 4 herbicides, primarily
picloram. Wheat stem sawfly can cause the same symptoms in wheat.

Adventitious root formation: Growth hormone herbicides in Group 4 can induce the formation
of adventitious roots (aboveground roots) at the base of stems of broadleaved plants.

Stem swelling: Swelling of the coleoptiles (pointed, protective sheath of emerging monocots),
hypocotyl (primary organ of extension of the young plant that develops into the stem) and stem
can be caused by herbicides such as some Group 8 and Group 3 chemicals.
Abnormal stem growth: Kinking and basal growth of stems can also be caused by Hessian fly
larvae near the stem nodes.

Flowers and inflorescences 
Injury symptoms on flowers can change the size, shape or arrangement of various flower parts. Often,
these changes are seen when using Group 4 herbicides. There are also environmental, disease and
insect causes of inflorescence abnormalities.

In cereals, growth-hormone herbicides may result in head abnormalities such as branched ears, ears with 
multiple spikelets, tweaked ears with some spikelets missing, incomplete heading (head partially or 
completely stuck in sheath) and ears with opposite rather than alternating spikelets along the rachis.

Delayed flowering and heading due to herbicide injury are common. Non-lethal doses of herbicides can 
cause delayed flowering and heading.

Fruit 
Herbicide injury on fruit may change fruit size, shape and appearance. These changes are not to be 
confused with aster yellows disease in canola in which leaves look like pods. The distortion is due to a 
phytoplasma disease spread by leaf hoppers.
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Aster yellows in canola.

Roots
By examining plant roots, you can obtain further clues as to the cause of herbicide injury. Some
chemicals effectively limit root growth or cause root pruning.

With some Group 2, 3 and 8 herbicides, primary and/or lateral roots are inhibited, and those that do
develop are thickened and short. Severe root inhibition usually leads to stunted plants. Some Group 4
herbicides may cause roots to swell.

Difficulties recognizing herbicide injury
Here are some reasons why it is sometimes difficult to recognize herbicide injury symptoms:

 Similarity of symptoms within herbicide groups: Symptoms of most Group 4 chemicals are the
same, making it impossible to distinguish between them as to the causative agent.

 Similarity of symptoms between herbicide groups: Groups 5, 6 and 7 all affect photosynthesis and
have similar effects.

 Range of symptoms produced by a herbicide: Injury symptoms of a herbicide may vary
considerably with the dose applied. For example, crops affected by triazine herbicides (Group 5)
show a range of symptoms (slight chlorosis to extensive chlorosis and necrosis) with an
increasing dose.

 Similar symptoms not produced by herbicides: Symptoms can be caused by other factors:

o Other pesticides.
o Overdoses of some insecticides can cause symptoms similar to those of herbicide injury.
o Environmental factors can mimic some of the symptoms of some herbicides.
o Herbicide injury can be confused with some nutritional deficiencies or the effect of frost,

hail, wind damage, drought injury or fertilizer and surfactant burning.
o Sulfur deficiency can cause purpling on canola, which can be confused with Group 2

injury.
o Many plant diseases, as well as insects, can produce plant irregularities similar to those

produced by herbicides.

16 Ag-Info Centre 310-3276 
©2020 Government of Alberta  |  Published: March 2020  |  



Diagnosing herbicide injury/damage
Accurately diagnosing herbicide injury can be very challenging. The investigator should view the affected
crop as soon as possible after injury is reported. Then, consider the following points:

 Do not jump to a conclusion without gathering as much information as possible. If possible, take
samples of the plants and/or soil, take pictures of affected parts of the field, all plant parts and
examine the entire plant, including roots.

 Ask a lot of questions related to planting detail, cropping history, seeding date, variety of crop,
seed treatments and depth of seeding. Learn about the spray details including spraying date,
chemical used in the previous sprayed crop and those used on the subject crop, nozzles, speed
and pressure. Gather other information about crop stage at time of spraying, weather conditions
before and after spraying: including temperature, wind speed and humidity. Finally, look at soil
conditions, moisture, temperature, organic matter percentage and texture.

 Look for patterns in the field. Patterns (strips, elevated areas, low lying areas, ends of field, drift
patterns) can give excellent clues as to possible causes. Compare affected areas with unaffected
areas. Look for symptoms on susceptible weeds, symptoms that may be related to disease,
insects, wind or hail damage.

 Watch for other, repeated symptoms, in adjoining fields that mimic pesticide damage. These
confusing symptoms can result from nutrient deficiencies, fertilizer burn, insects or disease
damage, weather related injury and air pollution injury.

Testing of plant material for pesticides often leads to unsatisfactory or inconclusive results. Once inside
the plants, herbicides are often quickly broken down into other components, and damage appears after
traces of the chemical have been broken down and are undetectable. Symptoms caused by spray drift
are frequently manifested by the breakdown products of the herbicide in the plant.

Without some indication or clue to narrow the possible cause of the damage, it can become prohibitively
expensive having plant samples screened for a wide range of chemicals.
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Herbicide groups by mode of action 
Group 1 herbicides 

Overview 

Group 1 herbicides are one of the most useful herbicide families. This group is made up of strictly grass herbicides. As 
a family, Group 1 herbicides are acid or weakly acid, are only active as a foliar spray, and are not taken up from the 
soil. They degrade quickly once in contact with the soil and have no residual activity. 

Mode of Action 

Chemicals in this group work by inhibiting an initial enzyme in the synthesis of fatty acids, acetyl co-enzyme A 
carboxylase (ACCase). Fatty acids are important components of membranes, like the cell membrane and the 
chloroplast membrane, which not only contain the cell fluids but also serve as the gateway for compounds entering 
and exiting the cell. Fatty acids are also used as building blocks for waxes and suberin for the cuticle, and to store 
energy. 

Group 1 herbicides bind to and inhibit ACCase of grass plants, slowing down or stopping fatty acid synthesis. This 
action halts membrane synthesis, which is necessary for cell growth. 

When plants are growing quickly, there is a strong demand for membrane-building material and, thus, for fatty acids. 
Under drought conditions or when plants are mature, there is less demand for cell membrane, which is why Group 1 
herbicides are most effective on young, rapidly growing plants. 

As ACCase is primarily located in the chloroplasts and in young, growing tissue, Group 1 activity is seen at the base of 
young, growing leaves and the crown region. Group 1 herbicides do not mix well with water, but this characteristic 
actually allows them to penetrate the cuticle and enter the leaves readily. 

Using the correct adjuvant is critical to the effectiveness of the “dims” (a sub-group of Group 1 herbicides whose 
active ingredient names end with “dim”), such as Achieve

©
, Poast

©
, Select

©
, Arrow

©
, Centurion

©
, Horizon

©
 and their 

generic copies. 

Once inside the plant, the chemical is translocated to the growing tissue. The actual grass structure helps because a 
spray runs down to the base of grassy plants. 

Injury Symptoms 

Symptoms are slow to appear because the inhibition of cell division is not immediately deadly. Both root and shoot 
growth are inhibited. Wilting and chlorosis (yellowing) may be evident on the leaves, followed later by leaf drying and 
necrosis. Affected grasses pull out easily from the soil, and leaves are easily pulled from the crown. There is a pinch-
ing effect at the base of the leaves. 

See Figures 1.1 – 1.8 for some of these Group 1 herbicide damage symptoms. 
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Group 1 

1.1 Hoegrass
©
 in canola on grassy weeds. Note on 

 leaves and wilted appearance. 

  1.2 Tralkoxydim (Achieve
©
) on stinkweed. Note the 

      bleaching of the growing point and reddish tinge 
         to some of the seed pods. 

1.3 Pinching on cereal caused by Group 1   

   herbicide. 
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   1.4 Achieve
©
 on peas, growing point bleaching. 1.5 Clodinafop-propargyl (Horizon

©
) on wild oats. Root 

 growth is inhibited. 

1.6 New growth affected by herbicide 
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1.7 Field view with heavy wild oats controlled with Hoegrass
©
.  

 1.8 Leaf of wild oat sprayed with Group 1. Note chlorosis. 

21



 Ag-Info Centre 310-3276 
©2020 Government of Alberta  |  Published: March 2020  |  

Group 2 herbicides 

Overview 

Group 2 herbicides work by affecting amino acid (protein) synthesis. This group affects both grassy and broadleaf 
weeds, and the herbicides are taken up by leaves and roots. This is a very popular group of herbicides, heavily relied 
upon for weed control. 

Other crop problems that can be mistaken for Group 2 herbicide injury include: sulfur deficiency and aster yellows of 
canola (see Figure 2.25). 

Mode of action 

The herbicides of this group persist in the soil for various lengths of time, depending on soil conditions such as organic 
matter, pH, soil moisture and temperature. Soil adsorption increases as organic matter increases. The herbicides are 
broken down by soil microbes and are broken down faster under warm, moist conditions. 

Canola and sugar beet are very sensitive to Group 2 herbicides, so herbicide residues in soil are a factor to consider. 
Crop rotation restrictions apply to many of these chemicals. 

All herbicides in this group are either ALS or AHAS inhibitors. ALS is a key enzyme in the synthesis of branched-
chained amino acids. ALS is most active and, therefore, most sensitive to inhibition in young, quickly growing  
meristematic regions of the plant. 

Plant death is not only due to starvation for the blocked amino acids, but also to the inhibition of cell division. There 
may be a buildup of toxic intermediates and decreased phloem translocation. The initial protein inhibition seems to 
cause a cascade of events, eventually killing susceptible plants. 

Although foliar applied, the herbicide persists in the soil and can affect newly germinated weeds. The herbicides are 
quickly transported within the plants. 

One component of Group 2 chemical activity is to inhibit phloem transportation, so the herbicides inhibit their own 
spread downwards within the plant. This action limits Group 2 chemicals’ usefulness against perennial weeds. Crop 
selectivity is based on the crop plant’s ability to rapidly metabolize these herbicides before the chemicals become 
 toxic. 

Injury Symptoms 

The first visible symptom of Group 2 activity is an inhibition of plant growth that appears in the upper meristematic  
region of the plant. A few days after application, chlorosis, soon to be followed by necrosis and terminal bud death, 
is visible. 

Yellow and purple coloration may appear on leaves and stems. Sometimes, the purpling can be confused with sulfur 
or phosphorus deficiency in canola. Root growth can also be inhibited. Plant death is relatively slow. 

See Figures 2.1 – 2.22 for Group 2 herbicide damage symptoms. 
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 Group 2 

  2.1 Reddish appearance to treated foliage 

(Ally
©
 on canola). 

2.2 Ally
©
 on stork’s bill. Note purplish leaves. 

  2.3 Wild oats sprayed with Odyssey
©
. 

2.4 Stripping effect of Assert
©
 on barley 

23



 Ag-Info Centre 310-3276 
©2020 Government of Alberta  |  Published: March 2020  |  

2.5 Comparison of Assert
©
 on peas with untreated 

  in background. Note the pale growing point. 
2.6 Leaf mottling on canola from exposure to 
    Assert

©
;interveinal chlorosis evident. 

  2.7 Assert
©
 bleaching of growing .point 2.8 Group 2 damage on canola. 
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2.9 Canola affected by a Group 2 chemical.  Note the 
      killed growing point and purplingof the leaves  

2.10 Everest
©
 on barley; leaf sheath not opening up. 

2.11 Everest
©
 on canola, killing of the growing point. 2.12 Express

©
 on flax. 
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2.13 Chlorosis on pea leaves from 
 2.14 Muster

©
 on wild mustard; growing point dead, 

 Emerging leaf suffering from chlorosis. 

2.15 Odyssey
©
 on cleavers, good view of growing 

  point affected by herbicide                     
2.16 Side-by-side comparison of Pursuit

©
 carryover effect  

       on sunflowers. 

  2.17 Pursuit
©
 carryover on canola   2.18 Pursuit

©
 carryover on green foxtail. Note interveinal 

 Chlorosis. 
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2.19 Pursuit
©
 damage on peas, chlorosis  

 of new leaves. 

2.20 Pursuit
©
 residue on potatoes, resulting in smaller, 

2.21 Refine
©
 on sunflowers compared to untreated 

        check 

 2.22 Refine Extra
©
 tank contamination on peas. 
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2.23 Refine
©
 tank mix contamination. Note main shoot dead with many branches coming from base. 

2.24Sulfur deficiency on canola 2.25 Aster yellows in canola; odd growth of pods. 
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Group 3 herbicides 

Overview 

Group 3 herbicides are used primarily for grass and broadleaf weed control in canola, cereals and legume crops. 

Mode of action 

These herbicides are all soil applied and can have variable activity and residue levels. They may require incorporation 
to reduce volatilization and photo- degradation. 

These herbicides are broken down by microbial degradation, and the rate of breakdown is strongly influenced by soil 
temperature and moisture. The herbicide interaction with the soil varies with the herbicide, soil type, pH and organic 
matter content as well as available soil moisture. Because of all these factors, it is difficult to predict efficacy levels and 
residues. 

Group 3 chemicals are pre-emergent, soil-applied herbicides that act by inhibiting cell division and elongation. The 
chemicals are bright yellow and poorly soluble in water. They are formulated as emulsifiable concentrates or granules. 
They are not weak-acid herbicides, so their efficacy and solubility in soil water does not change with soil pH. 

Trifluralin and ethalfluralin (Group 3 chemical active ingredients) are slightly volatile, with their volatility increasing in 
wet soils. These chemicals bind more tightly to organic material than to clay particles; therefore, greater amounts are 
needed for higher organic soils. Under cool or dry conditions, herbicide residues from this group can be a problem for 
crops that follow the original treated crop. 

Trifluralin and ethalfluralin inhibit cell division in plants by inhibiting the synthesis of the protein “ropes” that pull the 
chromosomes apart during cell division. Dinitroanalines (class of Group 3 chemical compounds) bind to the place 
where these “ropes” are synthesized. Cell division stops and aberrant cells develop. The Group 3 herbicides affect 
regions of the plant that are rapidly growing and dividing.

Soil movement of the chemicals is limited because of the binding nature of dinitroanalines. To be effective, the chemical 
needs to come into contact with the rapidly growing parts of the plant. There is little translocation of chemical within the 
plant. 

The selectivity of these chemicals depends on several factors: 

 the inability of dinitroanalines to translocate

 depth of incorporation

 their highly lipophilic (oil-loving) nature

 the differing positions of weed and crop growing points 

Primary roots and the coleoptile node (or crown) are important sites of Group 3 herbicide activity in cereal crops and 
grass weeds. Seedlings intercept the herbicide as they grow through the treated soil layer.

While the position of the primary root is the same for many crop plants, the position of the coleoptile node differs 
among wheat, barley and some grassy weeds. Because the coleoptile node in wild oats and green foxtail is above the 
seed, that is where the chemical is absorbed, within the treated soil zone. 

Wheat and barley also grow through the herbicide-treated layer, but expose only the coleoptile, which is not sensitive to 
inhibition. 
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Injury Symptoms 

A symptom of the presence of dinitroanalines is the stopping of root tip growth, causing root tip swelling as cells en-
large without longitudinal growth. Shoot elongation is inhibited and stems enlarge. 

Successful weed control with dinitroanalines is characterized by little weed emergence. Seedlings that do emerge 
show root pruning and stubby root tips. These symptoms can also show up on succeeding, susceptible crops if 
conditions allow a sufficient carryover. 

See the following photos (3.1 – 3.8) for Group 3 herbicide damage symptoms 

Group 3 

3.1 Wheat and wild oat comparison: wheat plant 
 looks normal, and wild oats have some root pruning, 
   no fine roots. 

3.2 Wild oat suffering from Edge
©
. 

      Note the kinked leaf sheath. 

3.3 Treflan
©
 on wild oats, pruning of roots. 

3.4 Root pruning on wheat from Edge
© 
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3.5 Edge
©
 residue on wheat   3.6 Edge

©
 residue on chickpea. 

 3.7 Residue effect on wheat 3.8 Treflan
©
 on wild oat. 
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Group 4 herbicides 

Overview 
Group 4 herbicides have been around for a long time and are a tried-and-true family of broadleaf herbicides. These 
are auxin-like herbicides that are effective on broadleaf weeds. They usually translocate well and have some soil  
activity. 

This group of herbicides are all active in the acid form, but are formulated as esters, amines and salts to enhance 
their ability to enter the plant. Ester formulations are not very water soluble, but dissolve easily in oil or organic      
solvents. They can be used in hard water and resist washing from leaves following a rain. Amines and salts are very  
water-soluble; however, hard water can reduce weed control or cause sludge formation in the spray tank. 

Amine formulations may also be incompatible with liquid fertilizer. Though more likely to be washed off leaves, 
amines are more easily absorbed by plant roots than the ester formulations. Adsorption to soil increases with organic 
matter content. The more water-soluble formulations, salts and amines are more likely to move in soil water. 

Group 4 herbicides have some soil activity and residual concerns, but most are rapidly degraded in soil. 

Mode of action
Group 4 chemicals mimic the action of plant growth regulators (auxins) that control cell enlargement. The herbicide is 
converted to a weak acid once absorbed into the plant, indole acetic acid (IAA). 

The herbicide binds to specific proteins in the cell membrane. Although how the process works is not well
understood, the action mimics the plant’s own auxins, but with much larger supplies, causing plant growth to 
become   uncontrolled. Unregulated growth leads to twisting, thickening and elongation of leaves and stems. 
Auxin-like    herbicides are only active in growing plants. 

Group 4 chemicals move into the plants through the leaves or stems. The ester formulation is better at penetrating 
the leaf cuticle. Amine and salt formulations are more slowly absorbed and, thus, are more prone to being washed 
off the leaves by rain. However, amine and salt formulations are more easily taken up by roots than the ester form. 

The real strength of these chemicals is their ability to translocate both upwards to the leaves and downwards to the 
roots, giving them some activity on perennial weeds. They accumulate at the growing points of the plant. 

Group 4 chemicals are non-toxic to grasses as the chemicals are rapidly broken down into harmless components. 
In susceptible broadleaf plants, the concentration of auxin-like herbicides is maintained at toxic levels long enough 
to impair or kill the plant. 

Injury Symptoms

Herbicide symptoms include the bending and twisting of stems and petioles, stem swelling, especially at nodes, 
as well as elongation, leaf cupping and curling. Leaf shape often appears abnormal. This stage is followed by 
chlorosis at the growing point, growth inhibition, wilting and necrosis.

The death of susceptible plants occurs slowly, usually within three to five weeks, due to the unconstrained 
mobilization of reserves, the breakdown of repair mechanisms, and finally, the loss of function. At low 
concentrations, young leaves may appear puckered, and the tips of new leaves may develop into narrow 
extensions of the midrib.

See Figures 4.1 -4.18 for Group 4 herbicide damage symptoms. 
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     Group 4 

4.1 Quinclorac (in Triton C) on flax. Note leaf cup-

 4.2 Quinclorac (in Triton C
©
) on cleavers causing 

 stem twisting. 

 

4.4 Attain
©

 on wild buckwheat 

4.3 Attain
©

 on smartweed, causing cupping and twisting. 
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4.5 Twisted  seedling of canola from Attain
©
. 4.7 Dicamba damage in barley, incomplete head  emergence 

4.6 Comparison of treated and untreated  wheat with Attain 

4.8 treated with 24D. Note shriveled leaves 

and odd-looking head 
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4.9 Wheat head kinking from 2 4-D 

4.10 Canola affected by 24-D drift, stem twisting. 

.4.11 Scentless chamomile displaying twisting. 

4.12 Dicamba on peas 
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4.13 Lontrel
©
 on peas, badly damaged. 

4.14 Tordon
©
 drift at 4 per cent on tomatoes after hours. 

4.16 Dicamba on canola, leaf cupping. 4.15 Dicamba on peas, effects on roots. 
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4.17 Lontrel
©
 on peas, deformed tendrils and stems 

  4.18 MCPA on alfalfa twisting of stems 
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4.20  Head caught in boot due to hail and florets damaged  by hail. 4.18 Thrip damage on heads, florets damaged by hail. 

4.21 Cupping due to mite damage 4.22 Leaf cupping in canola due to sulfur deficiency. Note purpling. 
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4.23 Inward leaf curling on rapidly growing tomato plants. Normal condition, but it can be confused with

    dicamba injury 

4.24 Aster yellows of canola 4.25 Staghead in campestris canola 
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Group 5, 6 and 7 herbicides 

Mode of action 

Herbicide Groups 5, 6 and 7 all inhibit photosynthesis in the photosynthesis system (at photosystem II), but at different 
sites. Symptomology is the same with each one. 

Group 5 

Group 5 chemicals act by inhibiting photosynthesis in photosystem system II, site A. Chemicals in this group block the 
flow of electrons in photosynthesis, leading to plant death.  

By shutting down photosynthesis, the herbicide stops the food-producing process in the plant. This condition could lead 
to a slow starvation of the plant, but symptoms appear rapidly, followed by death. This rapid process is due to the 
production of secondary toxic substances.  

There are four chemical families in Group 5. The majority of the chemicals are used for corn or shelterbelts, trees, 
forages, legumes and for total plant control in industrial areas. Only metribuzin (Sencor

©
) and bromoxynil-containing 

products (Pardner
©
, Buctril M

©
, etc.) are registered for cereal crops.  

With the pre-emergent chemicals, the weed seeds will germinate, but they quickly develop symptoms as the plants 
absorb the herbicide.  

Symptoms include yellowing (chlorosis) of leaf tissue, followed by death. Chemicals in three of the four Group 5 families 
are absorbed by the plant roots or leaves and moved by the xylem into the leaves. Injury first appears on the older 
leaves, along leaf margins. As the chemical moves in the xylem, it does not translocate back down into the roots.  

Older, larger leaves show the symptoms first, before younger leaves. Sometimes, the plant’s growing point will remain 
green, and regrowth can initiate from here. Browning of leaf tips can occur, but root growth is not affected. 

Some of the triazines are persistent in the soil, especially high pH soils. Cool, dry soil conditions also increase soil 
persistence. These chemicals are relatively mobile in the soil. Heavy and repeated use of triazines on corn can limit the 
following crop options due to herbicide carryover. Most Group 5 chemicals are quickly broken down by ultraviolet light. 
In the soil, they are primarily broken down by bacteria. 

40



 Ag-Info Centre 310-3276 
©2020 Government of Alberta  |  Published: March 2020  |  

Group 6 

Herbicides in Group 6 also affect photosynthesis in the photosystem II, but at a different site from Group 5 herbicides. 
Group 6 herbicides are only effective on broadleaf weeds, mostly annuals, but they also can affect some perennial 
broadleaf weeds.  

These herbicides are used post-emergent. They shut down photosynthesis, and death is usually caused by a buildup of 
secondary, toxic compounds.  

Residual amounts of photosynthesis inhibitors in the soil do not prevent weed seedling germination. However, the 
residue does cause injury after emergence, and the rate of injury increases with the number of sunny days as opposed 
to cloudy days. The greater the residue, the greater the severity of the injury symptoms and the quicker symptoms 
appear. 

Herbicide injury symptoms for this group are similar to those of Group 5. Leaves become chlorotic, usually two or three 
days after application, and after a week, they turn brown and die. Older, larger leaves are affected before younger 
leaves.  

Plants treated with chemicals in this group show symptoms quickly. The chemicals are quickly absorbed by the leaves, 
but do not translocate downward and have no root activity. Contact with isolated spray droplets can cause spotting or 
speckling on susceptible plant leaves. Bentazon may cause some leaf bronzing on soybeans. 

Group 6 chemicals are relatively short-lived in the environment, since they break down quickly. 

Group 7 

This chemical Group 7 contains only two active ingredients: linuron and diuron. Both chemicals are soil applied and 
quickly adsorbed to soil clay particles and organic matter. For the most part, these herbicides are soil applied prior to 
weed emergence, but linuron is foliar applied to cereals with MCPA after emergence. 

Like Groups 5 and 6, this group interferes with photosynthesis, but binds at a different site. The end results are the 
same; broadleaf weeds are killed. Death is not caused by starvation, but by the destructive buildup of reactive mole-
cules that destroy the cell membrane.  

Symptoms are leaf chlorosis concentrated around veins followed by browning and death. The chemical is absorbed by 
roots and rapidly translocated into the leaves thorough the xylem. Any foliar-applied herbicide will not move much be-
yond the leaves. The flow of herbicide in the plant is generally upward.  

See Figures 5.1 – 6.8 for images of Group 5 and 6 herbicide damage. Group 7 injuries are not depicted separately, but 
they are very similar to those of Groups 5 and 6.   
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Group 5 

 5.2 Sencor
©
 on peas 5.1 Cyanazine on stinkweed. Bleaching along veins. 

5.3 Sencor
©
 on canola, dead patch on leaf. 

5.4 Sencor
©
 on wheat. Older leaf dead and white 
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5.5   Sencor
©
 damage on canola plant. Note leaf necrosis 

5.6 Note leaf damage on canola plant. Necrosis on leaf margin 

5.7   Sencor
©
 on peas, leaf edge necrosis 5.8   Sencor

©
  drift on small canola. 
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5.9 Sencor
©
 on barley.          5.10 Sencor

©
 on winter wheat.. Note the dead, basal leaves. 

   5.11 Sencor
© 

damage on barley 
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Group 6 

6.1 Basagran
©
 on green foxtail. Note chlorosis and browning 

 6.2 Chlorosis on Canada thistle leaf. 

6.3 Stinkweed treated with Buctril M
© 6.4 Pardner

©
 on canola 
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6.5 Pardner
©
 causing leaf deaf in canola. 

6.6 Pardner
©
 on canola seedling. 

6.7 Pardner
©
 damage on sweet clover; 6.8 Buckwheat killed with Pardner

©
. 
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Group 8 herbicides 

Overview 

Group 8 chemicals inhibit lipid synthesis late in fatty acid biosynthesis. This action affects the wax formation and suberin 
critical in maintaining the waxy layer on the outside of a seedling and in preventing moisture loss.  

Mode of action

Thiocarbamates (EPTC, Avadex) can be volatilized from high temperature or wet soils, so they must be incorporated into 
the soil rapidly.  

With difenzoquat, the herbicide acts on the growing point located at or just above the soil surface. Both EPTC
©
 and 

triallate (Avadex
©
) are absorbed by the coleoptile of germinating plants and cause plant growth to stop, preventing 

emergence. There may be some activity on the roots, but the primary activity of the herbicides is through the coleoptile 
in grasses and the hypocotyl hook in broadleaf plants (EPTC

©
 only).  

Difenzoquat (Avenge
©
) is applied post-emergence and inhibits nucleic acid biosynthesis, photosynthesis, ATP produc-

tion and fatty acid formation. It is rapidly absorbed into the leaves and translocated by the xylem to areas of activity. 
Spring wheat and barley tolerance are related to a single dominant gene.  

Injury Symptoms 

Symptoms of injury include tightly whorled leaves. Injured broadleaves may have cupped or crinkled leaves with a thick, 
leathery texture. New leaves are puckered with a “drawstring effect.” Un-emerged weeds may have a stunted or swollen 
coleoptile. Shoots often emerge from the sides of the coleoptile and form a loop. If shoots do emerge, they may appear 
swollen and bright.  

Difenzoquat stops plant growth soon after application, and injury symptoms appear in three-to-seven days. Injury signs 
may be twisted and malformed seedlings. Damage first shows up as chlorosis at the growing point, followed by general 
leaf chlorosis, and then necrosis and death.  

Chemical breakdown is by microbial action for triallate and EPTC. Difenzoquat does not appear to be broken down, but 
is strongly adsorbed to clay particles, so it is not mobile in the soil. The average half-life of difenzoquat is less than four 
weeks. 

See Figures 8.1 – 8.10 for Group 8 herbicide damage symptom 
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Group 8 

 8.1 Avenge
©
 on canola, possible drift  8.2 Avadex

©
 on green foxtail 

8.3 Comparison between a healthy wild oat and treated. 8.4 Avadex
©
 on wild oat. Note killed roots. 
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8.5 Wild oat grown through Avadex
©
. 

      Note de   formed growth. 

8.6 Avadex
©
 on wheat. Aborted sprout and swollen culm 

8.7 Avadex
©
 on wheat. Deformed sprout. 8.8 Residual effect of Avadex

©
 on wild oat. 
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8.9 Avenge
©
 damage on wheat. Chlorosis on leaf. 

8.10 Avenge
©
 drift on canola. 
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Group 9 herbicides 

Overview 

Group 9 comprises one chemical: Glyphosate is a non-selective herbicide, effective on most broadleaf and grassy 
weeds as well as crops.  

The chemical translocates readily through the plant in the phloem, down to the roots and up to the growing point. It binds 
tightly to the soil, quickly becoming inactivated once it contacts soil. Soil pH has little effect on adsorption. Glyphosate 
binds strongly to clay particles in the soil, whereupon it is deactivated, which means it has no residual activity and does 
not leach. Glyphosate is highly water-soluble and not volatile. 

Glyphosate moves with the sugars in growing plants and seems to inhibit its own movement in the phloem. It does this 
by reducing the carbon flow to sugar, which limits translocation and minimizes translocation to distant roots and 
rhizomes in the plant.  

Glyphosate does not readily degrade within the plant. Soil degradation is rapidly accomplished by soil micro-organisms. 
Glyphosate accumulates in underground tissue, immature leaves and the growing points of the plant. 

Mode of action 

Glyphosate works by inhibiting EPSP synthase (blocking the formation of several aromatic amino acids needed for
 protein synthesis). However, plant death results in the buildup of toxic intermediates from the blocked pathway. 

Injury Symptoms 

Symptoms in annual grasses are quickly visible, appearing within four-to-seven days. With less susceptible species, this 
make take ten-to-twenty days. Damage symptoms show first at the growing point of the plant. Leaves turn yellow 
(chlorosis), followed by browning (necrosis).  

Chlorosis may first appear in the immature leaves and growing points. Sometimes, leaves of certain weeds will turn 
reddish-purple. If the plants are not killed, the regrowth of treated perennial and woody species may be deformed with 
whitish marks or streaks. Multiple shoots of regrowth may develop at the nodes.

At low, non-lethal rates, there can be some twisting of the plants, similar to damage from 2,4-D. Other symptoms include 
the inhibition of seed head emergence and the suppression of vegetative growth on most perennial grasses. 

See Figures 9.1 – 9.16 for Group 9 herbicide damage symptoms 
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Group 9 

9.1 Glyphosate on canola leaf 
9.2 Glyphosate on canola with leaf reddening 
       prior to chlorosis. 

9.3 Glyphosate on Canada thistle seedling, 
      Chlorosis appearing on leaf. 

9.4 Glyphosate drift on cereal crop 

52



9.7  Glyphosate drift on susceptible leaf.  

Ag-Info Centre 310-3276 

©2020 Government of Alberta  |  Published: March 2020  |   

9.5 Glyphosate on non-RR canola 9.6 Leaf reddening on canola from glyphosate 
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9.8 Pre-seed burnoff with glyphosate 

9.9 Spring glyphosate on dandelion. Leaves yellowing, but plant not killed. 
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9.10 Glyphosate 24 hours after application on 
        cereal. Chlorosis on leaf. 

9.11 Glyphosate on wheat. Dead growing point. 

9.12 Glyphosate on wild oats, three days after 
        application. 

9.13 Glyphosate on wild oats 10 days after 

        application. 
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9.14 Glyphosate drift on wheat. Note killed growing 
        point. 

 9.15 Glyphosate on wheat. Close-up of killed 
         growing point. 

    9.16 Glyphosate drift on wheat. Leaf striping. 
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Group 10 herbicides 

Overview 

Group 10 also comprises only one chemical: glufosinate, the active ingredient of Liberty
©
. This chemical is applied as a 

non-selective, post-emergent, contact spray. Because it is a contact spray, complete and thorough coverage is essential. 
Glufosinate controls many annual and perennial weeds.  

Mode of action 

Glufosinate inhibits glutamine synthesis, which leads to a buildup of ammonia in the plant, destroying cells and directly 
inhibiting essential parts of photosynthesis.    

Injury Symptoms 

Symptoms of the chemical are chlorosis and wilting within three-to-five days. Necrosis and plant tissue death follow in 
one-to-two weeks.  

The rates of symptom development and herbicide effectiveness increase under conditions of bright sunlight, high 
humidity and moist soils. Strong sunlight is essential for herbicide action to develop.  

As glufosinate is highly water-soluble, it can be washed from the leaves by rain and needs up to a four-hour rain-free 
period after application to have its full effect. The chemical is rapidly broken down in soil by microbes and moves little 
within the plant.  

See Figures 10.1 – 10.10 for Group 10 herbicide damage symptoms. 
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10.1 Liberty
©
 on non-tolerant canola. Note bleaching on leaves

10.2 Liberty
©
 on peas 

10.3 Liberty
©
 on beans 
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10.4 Liberty
©
 on non-tolerant canola 

10.5 Liberty
©
 on wild mustard 

  10.6 Liberty
©
 on bolting canola 
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10.9 Liberty
©
 on smartweed 

10.10 Liberty
©
 on grassy weeds in Liberty Link

 Canola. 

10.7 Liberty
©
 on barley 10.8 Liberty

©
 on Canada thistle. Note regrowth from 

       base. 
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Group 11 herbicides 

Overview 

Group 11 herbicides are few, but contain some important chemicals. The most common agricultural chemical is amitrol. 

Mode of action 

Amitrol
©
 inhibits the accumulation of chlorophyll and carotenoids in the light, which prevents photosynthesis.. There are 

some indications that the chemical may actually have a greater effect on cell division and elongation.  

it’s quickly adsorbed into the roots and very rapidly penetrates the leaf cuticle. It moves around in the plant, both by the 
xylem and phloem.  

Amitrol
©
 has a soil half-life of two weeks and is broken down by soil microbes. While it’s water-soluble, the chemical 

takes longer to break down in water as the main route to de-activation is by way of adsorbing to soil particles in the 
water. Amitrol

©
 can persist in surface waters for more than 200 days.

Injury Symptoms 

The primary symptom of this chemical is bleaching in the leaves and shoots, which is most evident in the developing 
leaves and other rapidly growing areas. Eventually, the bleached areas will wilt, turn brown and die. The injury pattern 
suggests that amitrol

©
 tends to accumulate at the growing point. 

See Figures 11.1 – 11.6 for Group 11 herbicide damage symptoms. 
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Group 11 

 11.1 Amitrole on peas. Growing point bleached and dead. 

11.2 Amitrole on canola 
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11.3 Amitrole on dandelion and sow thistle 

11.4 Amitrole residue on canola seedlings. 

11.5 Amitrole on wheat 
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11.6 Amitrole on wheat. Note streaky bleaching. 

64



 Ag-Info Centre 310-3276 
©2020 Government of Alberta  |  Published: March 2020  |  

Group 13 herbicides 

Overview 

Currently, the only Group 13 herbicide is clomazone, an isoxazolidinone. It goes by the trade name of Command
©
 

Mode of action
It must be applied pre-plant or pre-emergence and soil incorporated. It interferes with DOXP, which means it interferes 
with the production of plastid isopreniods. Isopreniods function as attractants, repellants, hormones, growth inhibitors, 
pigment creation phytoalexins, and translocators of sugars through the membranes, among other tasks.  

Clomazone breaks down in the soil primarily by microbial action. In water, it is only slowly broken down by sunlight. It 
persists in the soil for about three weeks, although degradation is faster in sandy soils and takes longer in clay soils. 
Persistence decreases as soil pH increases from 5.5 to 6.5. It is not mobile in most soils except for fine sands. It can 
volati-lize if soils are wet. 

Injury Symptoms 
Since Clomazone interferes with important plant growth regulators within the cell, the emerging seedling will be bleached 
white and become necrotic in several days. Susceptible plants in more advanced growth stages, when exposed, will 
show bleaching of leaf tissue. Vapour drift can also cause this effect. 

13.1 Command
©
 (clomazone) injury on growing point of cleavers seedling 
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Group 14 herbicides 

Overview 

Group 14 is a newer chemical group that inhibits protoporphyrinogen oxidase. So far, known herbicides in this group are 
carfentrazone (Aim

©
), sulfentrazone (in Authority

©
), flumioxazin (Chateau

©
, Valtera

©
), pyraflufen-ethyl (in Blackhawk

©
, 

Goldwing
©
) and saflufenacil (Heat

©
). 

Mode of action 

It prevents a particular enzyme of chlorophyll and heme biosynthesis from being formed. 

This action causes precursors of chlorophyll and heme to accumulate. With light, these elements create free oxygen. 
Fats and proteins are attacked and oxidized, resulting in the loss of chlorophyll and carotenoids as well as leaky cell 
membranes and the rapid drying and death of the plant.  

Residues in plants degrade quickly, and there is no residue found in any grain. The chemical is broken down in the soil 
by microbial degradation. It is non-mobile and does not leach.  

Injury Symptoms 

After being sprayed, plants quickly brown and die. Initial symptoms are observed within hours of treatment and death 
within days. 

These initial symptoms include leaves having a water-soaked appearance before wilting and quickly dying. Activity 
increases with greater sunlight, temperature and humidity.  

Injury symptoms are similar between herbicides in this group. 

See Figures 14.1-14.15 for Group 14 herbicide damage symptoms. 

Group 14 

14.1 Group 14 (Reflex
©
) on wild buckwheat 14.2 Reflex

©
 on wheat. Note bleached strips. 
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14.3 Reflex
©
 on canola seedling. 14.4 Close up of Reflex

©
 on canola. 

14.5 Bleaching at growing point 
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 14.6 Dead growing point. 

14.7 Bleaching of growing point on pea 14.8 Dead and bleached growing point on pea. 
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14.9 Group 14 on wheat leaf. Note 14.10 Bleaching on bean. 

14.11 Bleaching on canola leaf 
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14.12 Bleaching effect on barley leaf 

14.13. Carfentrazone on canola seedling 
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Group 15 herbicides 

Overview 

Group 15 herbicides are infrequently used in Western Canada. There are some speciality herbicides in this group, in-
cluding diamethamid-P (Outlook

©
), metalachlor (Magnum

©
), propyzamide (Kerb

©
) and pyroxasulfone (Focus

©
).  

Outlook
©
 is only registered for potatoes; Kerb

©
 is rarely used; and Magnum

©
 is used in corn, beans and other specialty 

crops. Focus
©
 can be used on field corn, soybeans, lentils and wheat. Both Focus

©
 and Magnum

©
 require incorporation 

prior to seeding, while Outlook
©
 must be applied post-seeding, but prior to weed emergence.  

Mode of action 

These herbicides inhibit the biosynthesis of several key fatty acids, lipids and proteins. All require moisture to activate 
the herbicide.  

With Focus
©
 and Magnum

©
, most of the chemical absorption is primarily through the coleoptile, with some also being 

absorbed through the roots. Past the seedling stage, plants will also absorb through the roots and translocate the  
chemical to the shoots.  

Outlook
©
 is absorbed through shoots, roots and coleoptile. 

Propyzamide enters plants primarily through the roots and is active when applied as a foliar spray on some weeds. The 
chemical disrupts cell division and inhibits mitosis (method of cell division) and is readily translocated from the roots to 
shoots.  

These products are adsorbed to the soil. Higher organic matter can reduce activity as these products are adsorbed to 
soil and organic matter. They move little in soil.  

Injury Symptoms 

Most susceptible weeds fail to emerge from the soil; however, those that do emerge are malformed and twisted as seed-
lings. Broadleaf weeds have cupped or crinkled leaves with a drawstring or heart-shaped appearance. A symptoms of 
Propyzamide also includes root tip swelling. 

Group 15 herbicide injury photos will be posted when available. . 
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Group 16 herbicides 

Overview 

Group 16 consists of one herbicide: ethofumasate (Nortron
©
/Ethos

©
). It is registered for use in sugar beet. This herbicide 

interferes with fat synthesis, but not at the same site as Group 1 herbicides. It is incorporated either before or after  
seeding, but prior to emergence. It is readily absorbed by the roots and shoots, and is translocated to leaves.  

Mode of action 
Ethofumasate is broken down in the soil by microbial action, but has a fairly lengthy residual effect with a half-life of 
greater than 14 weeks in dry, cold conditions. It will not leach appreciably. 

Injury Symptoms 

The Group 16 injury symptom is a failure to emerge. Injury symptoms. If visible, the symptoms would be  similar to 
Group 1 herbicides 

Photos of injury will be posted when available. 

Group 19 herbicides 

Overview 

Group 19 is the newest herbicide family and currently has one registered product: Distinct
©
. 

Mode of action 

The active ingredient is diflufenzopyr with dicamba added, which inhibits the movement of plant auxins or plant hor-
mones that control growth. Since the product inhibits the movement of auxins, both natural and artificial (like Group 4 
herbicides), they accumulate in the growing zone in roots and shoots, disrupting the auxin balance for growth.  

Dicamba is the second element in the herbicide as the diflufenzopyr concentrates the effect of the dicamba in the  
meristematic area, allowing smaller doses to be more effective. The chemical is absorbed by roots and leaves, and 
translocates both in the xylem and the phloem. 

Tolerant plants can rapidly metabolize the diflufenzopyr and break down the chemical. 

Injury Symptoms 

Symptoms are visible within a few hours. Plant growth stops in sensitive plants and will be identical to dicamba injury 
(See Group 4).  
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Group 20 herbicides 

Overview 

Group 20 is another stand-alone herbicide group. The single registered herbicide in this group is dichlobenil (Casoron
©
), 

which is used in the tree and bush industry. The product is soil-applied, but does not necessarily require incorporation.  

Mode of action 

The chemical inhibits actively growing cells in the roots and shoots (the meristem areas). It inhibits cellulose wall for-
mation in the cells of susceptible weeds.  

Usually, soil treated with this chemical prevents weeds from emerging as the dichlobenil inhibits germination and growth. 
The chemical is readily absorbed by roots and shoots, but movement from the roots to other parts of the plant is more 
rapid than if it is shoot-absorbed.  

The chemical has a 60-day half-life. No damage pictures are currently available. 

Group 22 herbicides 

Overview 

Reglone
©
 and Gramoxone

©
 are the only Group 22 products registered for field use in Alberta. 

Mode of action 

These herbicides work by inhibiting photosynthesis through the creation of hydrogen peroxide within the cells. The end 
product is highly reactive and readily destroys unsaturated fats, including those involved in cell membranes and chloro-
phyll.  

These herbicides are rapidly absorbed into the leaves and are rainfast within one-to-two hours. They are primarily con-
tact herbicides, as rapid cell death limits movement within the plant. Both products are quickly and tightly bound to clay 
particles and, thus, immobile.  

Injury Symptoms 

This action ultimately leads to the destruction of the cell membrane, rapid leaf wilting and desiccation. This wilting and 
desiccation occur within a few hours after application under conditions of full sunlight.  

See Figures 22.1 – 22.5 for Group 22 herbicide damage symptoms. 
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Group 22 

22.1 – Gramoxone (paraquat) on canola. Note brown, dead tissue. 

22.2 Gramoxone injury on canola plant 22.3 Gramoxone on green foxtail; plant still alive as 
        new growth emerges from plant crown. 
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22.4 Field effect on canola from Gramoxone 

 22.5 Regrowth on canola seedling 
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Group 27 herbicides 

Overview 

Group 27 is a newer herbicide group, only registered in 2007. This chemical group has a unique method of weed control. 
The two active ingredients are pyrasulfotole and topramezone. 

Mode of action 

Both active ingredients can be absorbed by roots and shoots, and translocated upward to the leaves where it is active. 

It functions in three ways: 

1. It interferes with energy transfer in the plant.

2. It stops the production of vitamin E in the plant, which is part of the protective system in the plant.

3. It stops carotenoid production, allowing ultraviolet energy from sunlight to penetrate the leaf and damage the
interior of the leaf.

   27.1 Group 27 on flax. 
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27.2 Group 27 on canola. Note whitened growing point and flower abortion 

 27.3 Pyrasulfotole on lentil. Bleached topgrowth and stunting 
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