
Weed Management 



 
 

Why weed management is 
increasingly important? 
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• Weeds are becoming important primarily due to 
limitations in both water and labor availability.  

• Crop intensification and direct seeding are 
increasing and these changes mean that weeds can 
be more costly and more difficult to control.  

    For example, the development of new varieties and 
irrigation opened the door for increased 
intensification and profits for farmers.  

 The combination of the use of shorter stature 
varieties, plus the increase in intensification has 
resulted in greater weed pressure due to less 
competitive (shorter stature) varieties.  

 



History of Weed Management 
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10000 BC: Removing weeds by hand : 
Migratory Agriculture: -- aimless journey 
 Shifting Agriculture: -- move from one  
    place to another 
 Settled farming in Middle East, Chaina 
 First burning, then cleaning jungles 
 
6000 BC: Use of primitive hand tools to till the 

land and destroy weeds 
 Pointed stick 
 Forked stick 



Contd. 
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4000-3000 BC: Use of machete, hoe and khurpi 

2000 BC: 

Development of plough 

Human being drawn the plough 

1000 BC:  

Animal powered implements like  

 plough, harrow etc. 

 (Around this time row planting started) 

1897 AD: 

Martin in France used Bordeaux mixture in grape 
garden and found weeds underneath were killed 

 This attracted interest in chemical weed control  



Contd. 
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1900 AD: Developed weed control by NaNO3, (NH4)2SO4 and 
potassium salts 

 
1902 AD: Concept developed about biological control 
 In Hawaii Lantana camara emerged as a notorious weed 
 Some scientist visited Mexico and Central America  
   where this weed was native  
   and collected insects destructive 
    to this weed. 
 
 
 
1908 AD: NaCl, FeSO4 and calcium cyanamide were 

developed to control weeds 



Contd. 
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1940 AD: 
In England at Jelotts Hill Research Station, Templemen 
and Sexton observed NAA to control wild mustard in 
wheat field. They grew their interest in developing 
selective weed control. Thereafter, they developed 2,4-D 
to control weed. 

 
1947 AD: Chemical weed control with commercial 

development of herbicides like 2,4-D (C8H6Cl2O3) 
 
 
1960 AD: Idea of-  
integrated weed management  
was developed 
 



Weed Management ?? 
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 “Weed management may be defined as the 
procedure by which the harmful effect of weed 
may be maintained to the minimum level in a 
place”.  

Or 

 In other way “Weed management is a 
system by which the infestation of weeds of 
a farm or an area is kept to lower than the 
economic injury level without deteriorating 
the environment”. 
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Weed management can be accomplished following the principles: 

WEED MANAGEMENT 

  

                                          

          Curative Method                                     Preventive Method 

  Or Remedial Method 

       

       Control                         Eradication 

 



 

 

 
 

 Prevention means stopping a given species of 
weed/a number of species from contaminating an 
area. It includes all measures to deny the 
introduction, establishment and spread of weed 
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Continued- 

Success of prevention depends on- 

 

• Awareness of the problem 

• Species 

• Effort 

• Co-operation 

• Area 

• Most effective where adopted against a single 

species on a large area on a cooperative basis 
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Role of weed prevention 
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Weed growth stages Approaches to prevention 

A. Reproduction to reduce the number of weed propagules 

produced  

B. Emergence to reduce the number of weeds with the 

crop  

C. Growth and maturation to minimize the competition of weeds with 

the crop  

These stages and associated prevention approaches may be viewed sequentially in 

terms of the consequences of failure of the approaches 

 

•Failure at A still leaves approaches B and C as a means of avoiding crop loss. 

•Failure at A and B leaves only C as a way to avoid crop loss. 
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Control is the process of limiting weed infestation 

below the Economic Threshold Level (ETL) 
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Economic injury level (EIL): 

 The lowest pest (weed) population density that 
will cause economic damage to crop (Sterm et. 
al., 1954) 

Economic threshold level (ETL): 

 Pest (weed) density at which control measures 
should be taken to prevent increasing pest 
(weed) population from reaching economic 
injury level (EIL). 
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When should 

control the weeds? 

 The timing of weed control is important.  

• Early weeds are best controlled up to around 21 

days after crop establishment, as this is the time 

when weeds are important in terms of yield losses.  

 

• Later weeds tend to have little effect on crop 

yields, but produce seeds that can create problems 

for grain quality and harvest, and/or significant weed 

problems in the subsequent crops.  

 An old farmers saying says: “One year seeds, 

seven years weeds.” 
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Continued 

Control of weeds can be accomplished by- 

 

•  reducing propagules 

• reducing weed emergence 

• minimizing weed competition 
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Eradication is complete extermination / 

elimination of all the living plants, plant parts 

and seeds of weeds from an area. 
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Problems involved in eradication/Feasibility of Eradication- 

  

•Elimination of living plants and 

•Extermination of seeds from the soil 

Is a very costly technique 
 

 

•Feasible for small area in pot, glass house, industrial sites 

 



Factors affecting weed 

control/ Mgt. 
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Life cycle of the weeds 

 -Annual: restrict to produce seeds/establishment 

 -Biennial 

 -Perennial 

Weed characteristics: 

 -xerophytic/aquatic/terrestrial weeds 

Mode of reproduction 

 -no. of seed produced, 

 -mode of dispersal 

 -adaptation 

 -dormancy of weed seeds 



Factors affecting weed control/ Mgt.              Contd. 
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Soil/Field condition 
 -in marshy land chemical control is not possible 

Habitat and location 

 -in wasteland/roadsides Vs cropped area weed 
control methods are different. Residual effects of 
chemicals is a highly considering fact. 

Farm practices 

 -chemical approach varies in case of pure crop and 

mixed crop 

 e.g. In Wheat field- 2,4-D is recommended but in a wheat + 

mustard mixed crop 2,4-D is not recommended. 
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Seaweed 



Weed Control 
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WEED CONTROL METHODS 
 

Weed control and weed management are the two terms used in weed 

science.  

 

Weed management includes prevention, eradication and control  

                                            by ----  
regulated use, restricting invasion, suppression of growth, prevention of 

seed production and complete destruction.  

 

Thus weed control is one of the aspects of weed management-- 

. 
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CULURAL METHOD 
(Agronomic/Crop Husbandry/Managerial) 

Several cultural practices like tillage, planting, 

fertilizer application, irrigation etc., are employed 

for creating favorable condition for the crop. These 

practices if used properly, help in controlling 

weeds.  

Cultural methods, alone cannot control weeds, but 

help in reducing weed population.  
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Field Preparation 

• The field has to be kept weed free.  

• Irrigation channels are the important to keep 
clean. 

• Deep ploughing in summer, exposes 
underground parts like rhizomes and tubers of 
perennial and obnoxious weeds to scorching 
summer sun and kills them.  

 

 

 

 

 

 

 

Continued- 
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-Conventional tillage which includes 2 to 3 ploughings 
followed by harrowing decreases the weed problem.  
 
-Running blade harrows cuts weeds and kills them.  
 
 
 
 
 
 
 
 
-In lowland rice, puddling operation incorporates all the 
weeds in the soil which would decompose in course of 
time.  



Continued- 
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Planting Method 

• Sowings are taken up one to three days after rainfall or irrigation 
depending on soil type. Weeds already present in the soil start 
geminating within two or three days.  

• Sowing operation with seed drill removes some of the 
germinating weeds.  

• Transplanting is another operation which reduces weed 
population. Since, the crop has an additional advantage due to 
its age.  

 



Continued- 
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Varieties 

• Short statured, erect leaved varieties permit more 
light compared to tall and leafy traditional 
varieties.  

• Weeds continue to germinate for long time in 
'dwarf varieties resulting in high weed growth.  

 



Continued- 
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Planting Density 

• Plants of one type do not generally allow 
germination of other plants near their 
vicinity. Closer planting of crops suppresses 
germination and growth of weeds.  

• Wider planting should be avoided 



Continued- 
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Fertilizer Application 

Plants differ in their capacity to respond to fertilizer 
application.  

• Crops like sorghum, maize, pearl millet and rice grow at a 
faster rate when nitrogenous fertilizers are applied and 
cover the soil earlier.  

---Weeds like Cynodon dactylon, Cyperus rotundus do not 
respond to nitrogen application and they are suppressed 
by fast growing crops.  

 



Continued- 
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Irrigation and Drainage 

 In lowland rice, where standing water is present 
most of the time, germination of weeds is less.  

-Continuous submergence with 5 cm water 
results in reducing weed population whereas 
under upland situation, weed population and 
weed dry matter is very high 

 



Continued- 
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Advantages of cultural/Agronomic method: 

• It is an well known and widely practiced 
method 

• All types of weeds can be controlled by this 
method 

• Extra technical knowledge is not necessary 

• No extra time for weed control is required 

• It facilitates aeration 



Continued- 
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Disadvantages of cultural/Agronomic method: 

• Time and labor consuming 

• Soil erosion may increases 



Physical/Mechanical method 
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Control of weeds using labors and 
implements 



Continued 
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In physical/ mechanical method, the removal, desiccation, 
exhaustion and destruction of weeds is done by adopting 
several methods like- 

• Hand pulling 

• Pre-planting tillage 

• Post-planting tillage 

a)Niri  b) Raking  c) Laddering  d) Spading  e) Hoes  f) 
Weeding by Japanese rice weeder 

• Cutting 

• Mowing 

• Burning 

• Smothering with non-living materials (mulching) 

 



Continued 
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The selection of a sustainable method depends upon 
location, extent and habitat of weeds: 

• Hand-pulling or hoeing -effective only when the 
weed infested areas is very small 

• Annual and biennial weeds could be eradicated by 
cutting, hoeing or tillage operations before 
flowering of the weeds. 

• Xerophytic weeds like Alphagea spp, and perennial 
weeds like Cyperus spp. and Cynodon spp. Can be 
controlled by flooding and exposing through deep 
ploughing and then flooding for 4-6 weeks period. 

• Weeds in orchards and sugarcane fields could be 
controlled by burning them. 

 



36 

 

Chemicals that are used to kill plants 
or weeds are called herbicides. 

 

Chemical Weed Control 



Continued- 
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History of Chemical Control: 

1897 AD: 

• Martin in France used Bordeaux mixture in grape 
garden and found weeds underneath were killed 

• This attracted interest in chemical weed control 

1900 AD: Developed weed control by NaNO3, 
(NH4)2SO4 and potassium salts. 

1908 AD: NaCl, FeSO4 and calcium cyanamide were 
developed to control weeds. 



Continued- 
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1940 AD: 

 In England at Jelotts Hill Research Station, 
Templemen and Sexton observed NAA to control 
wild mustard in wheat field. They grew their 
interest in developing selective weed control. 
Thereafter, they developed 2,4-D to control weed. 

 

1947 AD: Chemical weed control with commercial 
development of herbicides like 2,4-D. 

 

1960 AD: Idea of integrated weed management was 
developed. 



Chemical control                                                        Contd- 
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Present  Scenario: 

• Today , after 70 years of the evolution of 
chemical weed control over 400 organic 
herbicides have been developed and 
registered in the world for weed control. 

• Herbicides increased mechanization and 
intensive cropping programmes to increase 
yield reducing the input cost. 

• Currently herbicides constitute 55% of the 
world pesticide market.  



Continued- 
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Advantages of Chemical Weed Control: 
• Herbicides can control weeds before  
    emergence of crop seedlings 
• Weeds can be controlled irrespective of season 
• It kills all weeds in the field 
• Intra-row weed control is possible 
• Control lasts longer 
• It prevents soil erosion 
• It reduces cost of production and increases the 

yield of produce 
• It requires less time, labor and money 

 
 



Continued- 
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Disadvantages of Chemical Weed Control: 
 It requires special technical knowledge about crop, weed, 

soil, herbicide and environment. 
 It requires special precautions before herbicide application 

 It may affect the physical, chemical and biological 
properties of soil. 



Disadvantages                                               Contd- 
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It creates unemployment 
problems of labors. 

It hampers other intercultural 
operations. 

It requires special equipments for 
application of herbicides 



Biological Method 
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In this method the natural enemy of weeds are 
employed to control the weeds 

  

The degree of success depends upon choice of 
predators, parasites and pathogens which should 
not feed upon crop plants even if they start 
starving.  

This method is advantageous over chemical 
method as it is permanent, cheap, safe and 
effective in inaccessible area, though the process is 
very slow and suits to only a specific weed species. 

 



Continued 
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Some examples of Biological weed control: 

• Control of prickly pear weed (Opuntia spp.) and Xanthium 
strumarium in Australia, Lantana weed (shrub verbenas ) 
in Hawaiian Island are the perfect examples of biological 
weed control. 

• In Australia, about 60 million acres cactus weed infested 
area was brought under cultivation by using Argentine 
moth borer. 

 

Lantana weed 



Continued 
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Criteria of selection of bio-agents 

 

• High host selectivity 

• Hardiness to the foreign environment 

• Freedom from parasites and predators 

• Fast feeding habit or the habit of feeding some vital 
organs of weed 

• Easy and rapid reproduction ability 

• Eco-friendly 

 



Continued 
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Biological agents those are used to control 
weeds: 

 Category of the agents Examples of the agents Weed(s) controlled 

Fungi 

Alternaria eichhornia Eichhornia crassipes 

Colletotrichum gloesporioides Aeschynomene virginica 

Fusarium sp. Opuntia spp. 

Insect 

Dactylopius tementosus Opuntia dillenii 

Chrysolina gemellata Hypercium perforatum 

Crocidosema lantana Lantana camara 

Animal 
Grazing cattle, camel, sheep, 

goat, deer, rabbits and pigs 

Weeds of grass land and fallow 
crop field 

Fish 
Tilapia mossambica Aquatic herbs 

Grass carp Najas minor, Hydrilla verticillate 

Parasitic plants Basket grass Saccharum spontaneum 



Alternaria eichhornia                                   Eichhornia crassipes 
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Dactylopius tementosus 
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Crocidosema lantana 
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Continued 
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Advantages of biological method: 

• This method is comparatively cheap after initial cost 
of development 

• It is self-perpetuating once introduced 

• Physical, chemical and biological properties of soil are 
not affected 

• It has no adverse effect on environment 

• Birds and animals may be benefitted 

• Specific type of weed can be effectively controlled 

• It is effective in inaccessible areas 

 



Continued 
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Disadvantages of biological method: 

 

• The behavior of the control agents may be 
changed   

• It is usually neither rapid enough nor complete 
enough for crop land 

• It is generally limited to a selective species 

• It is irreversible after release in an environment 

 



Weed Management Options 
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Weed Management Options                                                             Continued 
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Previous figure shows the cycle of crop management, Direct (short-
term) and long-term (Fallow and rotation) options available both 
during the crop cycle and beyond for managing weeds. Options 
include:  

 
1. Crop management: Land preparation, land leveling, good seed, clean 

nurseries and seedlings, variety selection, clean bunds and canals, 
crop stand, crop establishment method, water management, nutrient 
management, rogue weeds, and clean equipment. 

  
2. Direct methods include: hand weeding, mechanized weeding, 

spraying, and biological control. 
  
3.  Indirect methods include: Fallow management and crop rotation. 
 



Integrated Weed Management  
(IWM) 
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Concept 
 IWM has been defined as: “The use of all 

suitable weed control methods to keep 
weed populations below the economic 
injury level (EIL)”. 

 

Methods include cultural practices, use of 
biological, physical, and genetic control 
agents, and the selective use of 
herbicides". 
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Principles of IWM 
  

IWM is a strategy that- 

  combines the most appropriate weed 
control methods that minimizes 
economic, health and environmental risk 
to meet the objectives of weed 
management.   
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Principles of IWM 
 

IWM is based on- 

 -eliminating noxious weeds and, 
preventing their reproduction  

while protecting and establishing desired 
plant species and communities (crop). 
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Importance of IWM 
 

Safest control methods and uses conventional 
chemical herbicides only as a transitional strategy 
where no non-chemical solution can be found.  

 

IWM methods meet the needs of the particular 
situation.  

 

IWM is an on-going process rather than any 
specific actions, where the outcome of control 
efforts may vary.   
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      Importance of IWM                contd.            

It is thoughtful and proactive rather than 
reactive  

 

IWM methods respond to the complexity of 
the environment and, therefore, inherently 
require more knowledge, thought, 
monitoring, adaptability and long-range 
planning than a program of simply spraying 
chemicals based on a calendar schedule.    
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IWM methods include… (but are not limited to):  

 

• Prevention and detection  

• Cultural control  

• Mechanical /Manual control 

• Biological control 
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IWM methods include… (but are not limited to): 

• Soil improvement-  

 Compost, microorganisms, natural 
fertilizers, minerals, nitrogen fixing plants, 
mulches and cover crops are all soil builders that 
will help in improving the disturbed soils.  

 

• Re-vegetation / restoration of plant 
communities with non-invasive species 
adapted to this bioregion. 
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• Controlled burns and/or burn piles – 
(With approval only)  

 

• Conventional herbicides – Use only 
traditional herbicides in a selective basis 
as a last resort. 
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IWM methods include… (but are not limited to): 
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Herbicide 



Definition 

“Herbicides are chemicals capable of killing or 
inhibiting the growth of plants (specially 
herb)” 

                             

    or 

“The chemicals which are used for controlling 
weeds are known as herbicide or 
weedicide” 

 66 



Contd. 
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Weedicide 

Weed (Undesirable plant) Cide (to kill something) 

Among the weedicide, the chemicals which are used to kill 

the herbaceous weeds are called herbicide and the 

chemicals which are used to kill the forest weeds are called 

Aboricide. 



Contd. 
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“Chemical controls are usually short-term 
solutions to weed problems.”  

 

In some cases,  

-herbicides have to be reapplied annually 
and 

 -certain weed species can begin to develop 
resistance or tolerance to specific 
chemicals.  

 

 



Contd. 
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Today, we have over 150 herbicides in common 
use for selective and non-selective weed 
control in different areas.  

These chemicals vary greatly in their- 

 

a) molecular structure. 

b) mobility with plants. 

c) selectivity. 

d) fate in soils, and 

e) response to environment. 

  

 



Classification of Herbicides 
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                                                          According to- 

 

Herbicide 

Origin 

Mode of 
Action 

Residual Life 

Place of activity 

Time of 
Application 

Selectivity 



 
 

Classification of Herbicides                           contd. 
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A. According to origin 

i) Inorganic herbicides:  Ammonium sulfate, Potassium sulfate, Sodium 
arsenite etc. 

ii) Organic origin: 

      a) Natural: Disel, Hexane etc. 

      b) Artificial:  

               1. Acidamides: Propanil, Alachlor 

               2. Carbamate: EPTC (Ethyl N, N- dipropylthiocarbamate),           
Prophane 

               3. Urage (substituted urea): Monuron, Diuron 

               4. Triazine: Atrazine, Simazine 

               5. Dinitroaneline: Nitralin, Trifluralin 

               6. Dipyridilium: Paraquat, Diquat 

               7. Phenoxy: 2, 4-D 

               8. Benzoics: PCA (penta chloro phenol), Dicamba 

 



Contd. 
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B.  According to Mode of Action 

i) Contact /Non-systemic herbicide (phytotoxicity 
high): H2SO4, PCP, Diquat, Paraquat etc. 

ii) Systemic / Translocated herbicide: 2, 4-D, 
Dalapon,  Atrazine, Simazine, etc. 

 

C.  According to Residual Life 

i) Residual herbicide: 2, 4-D, Monuron, Diuron, 
Simazine, 2, 4, 5-T etc. 

ii) Non-residual herbicide: Paraquat, Diquat etc. 

  

 

 



Contd. 
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D.  According to Place of Activity 

    i) Soil active herbicide: Simazine, Alachlor, Trifluralin, EPTC etc. 

    ii) Foliar active herbicide: Paraquat, Amitrol etc. 

 

E.  According to Time of Application 

i) Pre-planting / Sowing herbicide: Vernolate, Trifluralin 

         a) Pre-planting desiccation 

         b) Pre-planting incorporation 

ii) Pre-emergence herbicide: 2, 4-D, EPTC, Simazine 

         a) After sowing crop seed and before weed seed emergence 

         b) After sowing crop seed and after weed seed emergence 

iii) Post-emergence herbicide: Amitrol, 2, 4, 5-T, Dalapon, 2, 4-D etc. 

        a) After emergence of crop seed and before emergence of weed seed 

        b) After emergence of crop and weed seed 

 

 



Contd. 
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F. According to Selectivity 

i) Selective herbicide: 2, 4-D, Stem-F-34 etc. 

ii) Non-selective herbicide: Paraquat, Diquat etc.
   

  

 



Mode / Mechanism of action of 
Herbicides 

 

The term mode of action of herbicide refers to the 
entire sequence or events from the introduction of a 
herbicide in the environment to the death of the 
plant.  

It comprises some total of the morphological, 
physiological and biochemical responses of the plant 
that make up the total phytotoxic action of the 
herbicide as well as physiological and molecular 
phase of the herbicide in the plant. 
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The various physiological and biochemical processes affected by 
herbicides are grouped under the following categories: 

1. Photosynthesis 

2. Mitochondrial activities 

3. Protein and nucleic acid biosynthesis 

4. Pigment biosynthesis 

5. Fatty acid (Lipid) biosynthesis 

6. Branched-chain amino acid biosynthesis (leucine, isoleucine, and 
valine) 

7. Aromatic compound biosynthesis 

8. Ethylene biosynthesis 

9. Glutamine biosynthesis 

10. Hydrolytic enzyme activities 
Most of the herbicides affect at least one or more of these processes  
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Some of the identified mode of actions are as follows: 
 
1) Weakening and disorganization of cellular membrane 
accompanied by increased membrane permeability, resulting in 
lose of cellular contents by leakage. e.g., PCP, Paraquat, Diquat etc. 
  
2) Acting as mitotic poisons. e.g., EPTC, Trifluralin etc. 
 
3) Inhibiting the growth. e.g., 2, 4-D, 2, 4, 5-T etc. 
 
4) Inhibiting photosynthesis. e.g., Atrazine 
5) Inhibiting oxidative phosphorylation. e.g., Dicamba, Prophain 
etc. 
6) Inhibiting the growth of shoot of germinating seedlings. e.g., 
Benthiocarp, EPTC etc. 
7) Inhibiting the growth of root of germinating seedlings. e.g., 2, 4-
D, Prophain etc. 
 



Some of the identified mode of actions are as follows:           
contd. 

 

8) Inhibiting chlorophyll synthesis. e.g., Amitrol, Sandoz-
6706 etc. 

9) Inhibiting protein synthesis. e.g., Dalapon, Dicamba,    2, 
4-D etc. 

10) Causing cell enlargement. e.g., Benthiocarp, EPTC etc. 

11) Causing cell elongation. e.g., 2, 4-D, MCPA etc. 

12) Affecting tissue differentiation. e.g., 2, 4-D 

13) Inhibit respiration. e.g., PCP, Benzonitrile etc. 

14) Inhibit nitrogen metabolism. e.g., 2,4-D, Dicamba etc. 

15) Inhibit enzyme activity. e.g., Dalapon, DSMA etc.  
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Interaction of Herbicides with Moisture, Fertilizers, Bio 
Fertilizers, Insecticides and Fungicides 
 

1) Herbicide Interactions:  

 A herbcide show synergistic response in combination with one herbicide and 
antagonistic response with another herbicide. The response of one 
combination may also differ according to the different plant species.  

• Synergistic Effect:  

 E .g 2,4-D+ Dicamba. 
2,4-D + Atrazine,  
Amitrole + Ammonium thiocynate,  
Atrazine + Alachlor 

• Antagonistic Response:  

 E .g EPTC with 2,4-D or  
Dicamba in sorghum,  
Simazine or Atrazine with glyphosate reduces the activity of glyphosate.  
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2) Herbicide- Antidote Interactions:  

 The herbicide antidote interactions are antagonistic 
in nature.  

 The antidotes like NA, R-25788 and CDAA reduce the 
toxicity of Herbicdes like alachlor, EPTC and Butylate 
to certain plants/Crops.  

 

3) Herbicide- Insecticide Interactions:  

  The tolerance of plants to a herbicide may be 
altered in the presence of insecticide and vice versa.  

  The Phyto-toxicity of monuron and diuron is 
increased on cotton when applied with phorate. 
Similar effects were also observed on oats.  
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4) Herbicide Interaction with Pathogens and 
Fungicides:  

• Herbicides interact with fungicides as the disease 
causing organisms. Dinoseb was known to reduce 
the severity of stem rot (White mould) in 
groundnut.  

• Diuron and Atrazine which inhibit photosynthesis 
may make crops susceptible to tobacco mosaic 
virus.  

5) Herbicide- Fertilizer Interactions:  
 Application of fertilizer with herbicides is becoming increasingly 

popular in developed countries. No detrimental properties were 
observed when herbicides were combined with suspension of fertilizers. 
 

• Application of complete fertilizer (Containing N, P and K) reduce the atrazine 
absorption by plants, thus reducing phytoxicity. Atrazine was more toxic in 
the presence of P, K than in the presence of N, P and NK.  
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6) Herbicide and Soil Moisture or Irrigation 
Interaction:  

Adequate soil moisture in surface soil is necessary 
for germination of large population of weeds and 
their effective killing by herbicides.  

 The adequate soil moisture increase the adsorption 
and translocation of soil applied as well as foliage 
applied herbicides which increase efficiency of 
herbicides in killing weeds.  

 The heavy rains after application of herbicides may 
cause washing away of foliar applied herbicides. 
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Adjuvants 
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adjuvants 

 

Adjuvants are the chemicals added to the 
herbicide formulations to improve efficacy of 
it.  

 

“It never act by increasing the innate activity of 
any herbicide but simply help to increase 
availability in the region of plants”  

 

Adjuvants are also known as additives. 
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Objectives / Functions 
Adjuvants are included in the herbicide 

formulation with the following objectives: 

 

• To improve herbicide selectivity to non-target 
plants 

• To make herbicide safer for the user 

• To prolong shelf-life of the concentrates 

• To reduce the drift hazards 

• To enhance the toxicity of the herbicide 
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To assist in emulsification  
(Emulsification is a process that forms a liquid, known as an 
emulsion, containing very small droplets of fat or oil 
suspended in a fluid, usually water (Das and Mukherjee, 
2007) 

 
To increase the spreading properties of the 

herbicides 
To promote retentive of the herbicide in the leaf 
To help the herbicide in penetrating the leaf surface 
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Types of Adjuvants 
 Adjuvants may be grouped according to their 

type of action as: 

 (1)Surfactants: The surfactants possess surface modifying 

properties. Therefore, these are sometimes called surface active 
agents. The three important functions of the surfactants are- 

•  Wetting of the waxy leaf surface (wetting agents) 

• Spreading of the hydrophilic herbicides (spreading) 

• Penetration into the target leaves and stems (penetrants) 

 

Some surfactants may directly interact with herbicide action, e.g., 
Tween-20, Aliquat-4, Vatsol-OT, Surfactant WK etc. 
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Contd. 
(2) Stabilizing agents: The stabilizing agents include 

emulsifiers and dispersants. 
Emulsifier forms a ready and stable emulsion 

with water for field use and thus, substitutes for 
constant physical agitation of spray liquids during 
field operation 

There are two kinds of herbicide emulsions, 
namely- 

• Oil-in-water (O/W) or normal emulsion: 
• Water-in-oil (W/O) or invert emulsion: 
 
Example of emulsifiers: 15-5-3, 15-5-9, ABS etc 
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Emulsion 
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Contd. 
Dispersants (Dispersing agents): These stabilize 

suspensions.  

They keep fine particles of wettable powders in 
suspension in water even after initial vigorous 
agitation has been withdrawn. Examples of 
dispersants: Multiflm, Bio-film etc. 

 

(3)Coupling agents (solvents of co-solvents): Coupling 
agent is the chemical used to solubilize a herbicide 
in a concentrated form helping the resulting solution 
easily soluble with water (carrier). e.g., 2, 4-D (acid 
form) is almost insoluble in water, but it can be dissolved in 
polythene glycol to make it water soluble 
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Cont. 
(4)Humicants (Hygroscopic agents): The 

humicants prevent rapid drying of the herbicide 
sprays on the foliage thus providing extending 
opportunity of their absorption. Humicants are 
hygroscopic in nature so they are also called 
hygroscopic agents. e.g., Glycerol 

 
(5) Deposit builders (Stickers or filming agents): 

Deposit builders are chemicals added to 
herbicide concentrates to hold the toxicant in 
intimate contact with the plant surface. They 
also reduce washing-off of the toxicant from 
treated foliage by rain. e.g., Cheveron spray 
sticker, several petroleum oils etc. 
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Contd. 
 

(6)Compatibility agents: Farmers in many countries 
apply plant nutrients along with various pesticide 
materials as a single spray in order to save cost of 
their separate applications.  

 

But in certain combinations, fertilizer and pesticide 
materials are not easily compatible. In such cases, 
compatibility agents are used to intimately mix 
the fertilizers and pesticides in spray liquids. e.g., 
Comex 
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Contd. 
(7) Activators (synergists): Activators are 

agencies that have such a cooperation action 
with herbicides that the resultant 
phytotoxicity is more than the effects of the 
two working independently.  

 
e.g., (a) phytobland oils enhance the foliar activity of 

atrazine (herbicide), where phytobland acts as a strong 
penetrants.  

(b) nitrogen fertilizers (urea, NH4Cl, NH4NO3) when present 
in the spray liquids widen the openings in the leaf cuticle 
which facilitate entry of 2, 4-D (herbicide). 
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Adjuvants                                           
Contd. 

 

(8)Drift control agents: Spray drifts of 
herbicides may pose serious hazards to non-
target plants.  

 

An important way to tackle this problem is to 
spray herbicide liquids in large droplets. Drift 
control agents are the chemicals used to 
increase droplet size of sprays.  

 

e.g., Sodium alginate (a thickening agent) 
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Toxic symptoms of herbicide in weeds 
and crops 
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Toxic symptoms in weeds 

I. Dwarfing of the plants: 

 

This is a general symptom of most of the post-
emergence herbicides.  

After herbicide application, the growth of the shoot, stem and/or leaf of the 
susceptible weeds are stopped due to the slowing down and/or cessation of 
different growth processes, e. g., cell division, cell enlargement, cell 
differentiation etc. and the plants become short and dwarf e. g., Dalapon, 
Acrolein etc. 
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II. Inhibition of seed germination: 

This is one of the most important symptoms of pre-
emergence herbicide in most of the susceptible 
weeds, e. g., Alachlor 

 

III. Stunted and malformed seedling: 

The leaves fail to emerge through the coleoptiles. 
The node of the coleoptile swells due to outward 
folding of coleoptile at that region. These are 
some common symptoms in grass weed due to 
pre-emergence application of Benthiocarb, EPTC, 
Alachlor etc. 
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IV. Shows water soaked appearance, blackening of leaf, 
wilting general or localized necrosis in leaf and 
desiccation of the foliage.   

These are usual symptoms of foliar applied herbicides like 
Diquat, Paraquat, Propanil etc. 

V. Leaf deformities: 

Leaf deformities like production of shorter, broader and 
thicker leaves, production of narrow and pointed leaves, 
leaf cohesion, swelling at the leaf base, twisting and 
bending of the leaves and cessation of leaf expansion. 
As for example, Benthiocarb, EPTC,  2, 4-D, 2,4,5-T etc. 
on grass weeds. 

 



VI. Chlorosis in leaves and sheaths: 

These result due to disintegration, destruction or inhibition of 
chlorophyll synthesis in leaf and stem tissues. Acrolein, Atrazine etc. 

VII. Dieback of the leaves: 

This is one of the toxic symptoms of Thiocarbamate e. g., Benthiocarb, 
EPTC and Urea herbicides e. g., Monuron, Diuron etc. when applied 
post-emergence of weed. 

VIII. Production of Increased number of tillers: 

When the herbicide is applied as post-emergence of the weed, the 
main shoot of the plant dies or the growth of the same is completely 
checked or slowed down and many axillary buds start to grow and 
within 15 days outgrow the main shoot. Losses of apical dominance 
of the main shoot lead to the production of such of plentiful tillers. 
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IX. Production of stubby thickened, 
shorter, thinner and less number 
of roots, these are toxic 
symptoms of Dinitroanilynes. 

 

 

 

 

X. Abnormal emergence of panicle and production of 
shorter panicles, less number of spikelets and 
abnormal spikelets: 

These symptoms are found in Benthiocarb treated 
Barnyard grass. The first leaf below the flag leaf 
becomes tubular and therefore the flag leaf and the 
panicle cannot emerge normally and they form loop 
like structure. 
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Toxic symptoms of herbicide in 
crops 

 Theoretically herbicide should never be toxic to 
the crops but practically it is not the fact. In 
general, herbicides may cause injury to the crops 
due to: 

 
application of herbicides in unfavorable 

environment 
wrong calibration of the spray 
use of higher dose than the recommended one 
application of herbicides not at the right place 

and 
application of herbicides not at the right growth 

stage of the crop 
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I. Growth Regulators 

Phenoxy Acetic Acids or Pyridines or Benzoic 
Acids 

 

Injury Symptoms: Broadleaf plants exhibit stem 
twisting (epinasty), callus tissue formation, and leaf 
malformations (cupping, crinkling, parallel veins, 
leaf strapping). Small grains exhibit twisted flag 
leaves, sterile florets or multiple florets. 
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II. Amino Acid Synthesis Inhibitors 

Sulfonylurea or Sulfonamides 

  

Injury Symptoms: Grass plants may be stunted, with 
interveinal yellowing (chlorosis) or purpling. Corn 
plants may be stunted and show symptoms of root 
inhibition such as pruning of lateral roots.  

 

III. Lipid Synthesis Inhibitors 

Cyclohexanediones 

 Injury is seen on grass plants only. Newer leaf tissue will be 
yellow (chlorotic) or brown (necrotic) and the leaves in the 
leaf whorl can be easily separated from the rest of the plant. 
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IV. Seedling Growth Inhibitors 

Root Inhibitors 

Dinitroanilines 

Injury Symptoms: General symptoms in grass weeds shoots are short 
and thick and may have swollen and cracked hypocotyls (the area 
below the cotyledons).  

 

Shoot Inhibitors 

Acetanilides 

Injury Symptoms: General symptoms include stunting of shoots that 
result in abnormal seedlings that do not emerge from the soil. 
Grasses may leaf-out underground or leaves may not properly 
unfurl. Broadleaves may have crinkled leaves and/or a shortened 
mid-vein. 
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V. Photosynthesis Inhibitors 

 

Mobile Herbicides 

Triazines or Phenylureas or Uracils 

 

Injury Symptoms: Photosynthesis inhibitors do 
not prevent seedling from germination or 
emergence. An injury symptom only occurs 
after the cotyledons and first leaves emerge. 
Initial injury symptoms include yellowing of 
the leaf margins of tips. In broadleaf plants, 
yellowing between the leaf veins (interveinal 
Chlorosis) may occur.  
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Non-mobile Herbicides 

 

Benzothiadiazoles 

 

Injury Symptoms: Plant injury is confined to foliage 
that has come in contact with the herbicide. 
Affected leaves will become yellow or bronze in 
color and eventually turn brown and die. Injury 
symptoms can look similar to the injury caused 
by cell membrane disrupters. Crop oil 
concentrate and other additives may increase 
weed control and crop injury symptoms 
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VI. Cell Membrane Disrupters 
Bipyridyliums 
  
Injury Symptoms: Plant leaves will have a limp, 

water-soaked appearance, which is followed by 
browning (necrosis) of the plant tissue.  

 
VII. Pigment Inhibitors 

 
Isoxa-zo-li-di-nones 
Injury Symptoms: Plants turn white, often becoming 

translucent at the leaf tips. In corn, if more than 
75% of the plant is white, it will likely die. 

 
115 


