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CHAPTER--  11 
 

Introduction, losses caused by weeds and benefits derived from 
the weeds 

 
Weed Defined 
 
 A weed is a plant growing where it is not desired. A plant could be undesirable 
at one place and desirable or of little concern at the other. Bermuda grass “Cynodon 
dactylon”, for instance is valuable plants in pastures, but in crop fields these are well 
known, trouble some weeds. Likewise, quackgrass “Agropyron repens” forms a very 
good soil binding plant on certain erodable lands, but it is a serious weed in arable 
crop fields and orchards. Pricklypear “Opuntia spp.” is an effective biological fence 
plant, as well as a valuable plant in deserts to hold the sand. But in pastures and 
rangelands of many countries, including India it has become a very aggressive weed 
on millions of hectares of otherwise productive land. Not only this, even the self-
sown crop plants of sorghum in patches in cotton field are to be considered as 
weeds. There are numerous plants which grow on road sides without any concern to 
man beyond green looking vegetation. But when these plants hinder the proper 
vision of the curves on the roads, these form weedy vegetation for the motorists. 
 To conclude, it is the situation involving space and time, as well as the 
individuals interest in it, which class a particular part of vegetation as weedy, and 
that there is no part of the flora classified as weeds by nature. 
 Thus, a corollary to the above definition of weeds is that these are plants 
growing in places and at times when we wanted either some other plants to grow or 
no plant to grow at all. While all weeds are unwanted plant, all unwanted plants may 
not be weeds. 
           There are so many definitions given for weed, but of these definitions, a 
comprehensive and widely accepted one is a weed is a plant growing out of place 
and time.  
 

Losses Caused By Weeds  
 
(1) Weed Menace in Agriculture:- 
  
(A) Reduction in crop yields and production efficiency:- The reduction in 
yields due to uncontrolled growth of weeds is 34.3% to 89.8%. As the farmer adopts 
some kind of weeding on their field, it still leaves us with a conservative estimate of 
at least 10% reduction in crop yields. 
 In weedy fields farm operations like application of fertilizer, insecticides and 
irrigation become cumbersome. When spiny weeds invade the crop field it makes the 
harvesting difficult. Some weeds like bindweed bind the crop plants together so well 
that their harvesting becomes troublesome. Growing within and outside the fields 
weeds frequently provide shelter to insect pests and disease organisms of crops and 
act as alternate host to these, both during the crop season and off season. 
 
(B) Erosion of crop Quality:- Weeds mar quality of farm produce in many ways. 
Contamination of food grain with weed seeds fetches low price. The weedy grains 
produce flour with bad odour. In warehouses the weed seeds and weed fragments 
continue respiration and thus cause the grain to heat and rot. In tea the presence of 
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Loranthus leaves impair its quality. In cotton the dry weed fragments adhere to its lint 
and hinder its spinning process. In dry land agriculture weedy cause severe moisture 
stress and force the food grain to shrivel. The vegetation and fruits are discolored 
and deshaped in the presence of weeds. 
 
(2) Weed Menace in Animal Husbandry:- Growing with the forage crops, weeds 
often help to fill the carts and silos but it is the milk and meat returns that their 
damage becomes apparent. Certain weeds cause sickness in farm animals while 
others may prove fatal due to high levels of specific alkaloids, tannins, oxalates, 
glucosides or nitrates. Johnson grass at its tillering stage and Xanthium pungens at 
its cotyledon stage are poisonous to animal due to their high prussic acid contents. 
Tribulus terrestris a weed of dry lands, induces in sheep extra sensitivity to light. 
Also, its thorny fruits cause sores in the hooves of animals. 
 The leaves of lantana induce acute photosensitivity and jaundice in animals 
due to their toxic ‘Lantradene-A’. Carrot grass cause contact dermatitis in livestock 
and it is reported to be poisonous to sheep. Leafy spurge (Euphorbia esula) cause 
scours and weakness in cattle and it is fatal to sheep. Crotolaria spp. is fatal to chick.  
Datura is another sickening weed for animals. 

 Under drought conditions weeds like Chenopodium and Amaranths develop 
nitrate levels as high as 1000 ppm or more which causes asphyxia in animals. 
Spines of Tribulus territories can puncture animals’ skin. When ingested these can 
also injure the stomach. 

 
(3) Weed Menace to Human Health:- Health comfort and work efficiency of men 
are adversely affected by weeds. Numerous people are plagued year after year with 
hay fever and asthma aggravated by pollens of Ambrosia. The airborne pollens and 
other biotic particles of several other weeds belonging to diverse families are known 
to cause rhinitis and conjunctivitis. Carrot grass is held responsible for different kinds 
of dermal allergies in humans. Weeds provide food, protection and habitat for the 
reproduction of vectors of fatal, human diseases. Aquatic weeds like water lettuce 
(Pistia lanceolata), salvinia (Salvinia auriculata) and alligator weed (Alternanthera 
spp.) shelter the alternate hosts  and vectors of malaria, yellow fever, dengue fever  
and filariasis. 
 Wheat flour contaminated with the seeds of corncockel (Agrostemma githago) 
gives bread a bitter taste and irritates the gastric-tract of the consumer. Mexican 
poppy (Agremone mexicana) seeds crushed with mustard seeds have brought death 
and blindness to thousands of people in India. Milk from animals feeding upon this 
weed can cause glaucoma in humans. 
 
(4) Weed Menace to Aquatic Ecosystems:- Not only on land, weeds are a 
nuisance also in and around water bodies. Aquatic weeds make the appearance of 
water bodies repulsive and decline their recreational values. In other water bodies 
they hinder navigation and fishing. Water-flow in irrigation canals and channels is 
slowed. The potable and drinking water-bodies are fouled by the presence of 
decomposing aquatic weeds. 
 
(5) Weed Menace To Industry And Public Utilities:- Weeds growing on 
industrial sites and air fields are potential source of fire hazards, besides being 
unseemly. They hide industrial pipelines and valve and contribute to deterioration of 
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stores, equipment, and material. Weeds force the fence lines to corrode and obstruct 
road signs and curves on highways. The working road widths are reduced by weeds. 
Some weeds penetrate through even asphaltic surfaces which get weakened. 
Weeds growing around electric poles prevent their ready access to the work crew. 
Weeds also weaken the rail tracks and air-strips. 
 
(6) Weed Menace To Forests And Pasture-Land:- In the forests and 
pasture-lands in India weeds are great impedance to regeneration of natural 
vegetation. In outer Himalayas, lantana (Lantana camera) has made large areas of 
forests and pastures useless. Now carrot grass (Parthenium hysterophorus) is 
entering these areas in a big way. In Maharashtra, many forest nurseries, and in 
Karnataka and Andhra Pradesh large forest areas have also come under the grip of 
this weed. With the world’s wood needs increasing every year by 64 million cu m, 
there is need to manage the weeds in our forests to allow natural regeneration of the 
desired forest species and increase the productivity of the existing trees. Also, weed 
free buffer strips are essential in forests for preventing fire hazards. 
 
(7) Weeds and Aesthetics:- In many advanced countries lowering of the 
aesthetic values is the primary objection to weeds. Their presence around living and 
working places makes the surroundings dull and insipid. 
 
Benefits derived from weeds       
 Several known weeds have been put to certain economic uses since ages. Of 
these, their medicinal use is perhaps the most ancient one in India. Typha and 
Saccharum spp. are used in cottage industry for making ropes and thatch boards. 
Cichorium intybus roots are used for adding flavour to coffee powder. Weeds like 
Chenopodium album, Amaranthus viridis, and Portulaca spp., form good leafy 
vegetables. Certain weeds have been used to donate specific genes to our crop 
plants, for instance, Saccharum spontaneum has been widely exploited for 
developing the present noble canes for North India. Fruit and rhizomes of certain 
weeds are used as vegetable and food material. Attempts are underway to convert 
weedy vegetation into useful manure, animal feed, paper-pulp, biogas, and edible 
proteins on commercial basis to make physical control of weeds more attractive. 
 More recently, certain weeds have exhibited nematicidal properties. Their 
incorporation into the soil has been found to result in greatly reduced root-knot 
nematode population. Some promising weeds in this respect are Crotolaria, 
Parthenium, Calotropis and Eichhornia spp. 
 Some entomologists have found that parasites and predators of certain crop 
pests also survive on insect pests of certain weeds. Thus, such weeds help in 
maintaining the continuity of life cycle of certain useful parasites 

 
 

***
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CHAPTER-2 
 

Classification, Propagation, Dissemination and Persistence of 
Weeds 

 
2.1 CLASSIFICATION OF WEEDS: 
 
(1)Classification According (C. A.) to Ontogeny of weeds:-  

Depending upon their life cycle, weeds can be classified as: 
(i)  Annuals   (ii) Biennials and (iii) Perennials 

 
(i) Annuals weeds: - Annuals weeds grow and mature within a year of their 
germination, but more commonly they complete their life cycle in one season. Ex. 
Summer annual:- Trianthema spp. and Digera arvensis ; Winter annuals :- 
Chenopodium album. 

A weed like Amaranthus viridis may grow round the year near irrigation 
channels and other moist places, but primarily it is a summer annual plant. 

A weeds like Phyllanthus fratenus ‘Niruri’ completes its seed to seed cycle 
within two or four weeks. Such short – lived annuals are called Ephemerals. 
 
General Characteristics:- 
 
(i)  Annual weeds reproduce by abundant seed production, however some like 
 Allium  Spp. wild onion and wild garlic may grow also  from bulbs and bulbils. 
(ii)  They fail to re-grow when they are cut close to the ground level. These are 
 known as Simple annuals. 
(iii) Several annual weeds possess crown buds which sprout into new shoots 
 soon  after the mother plant is de-topped. 
(iv) Easy to control. Such weeds must be destroyed before they set seeds. 
(v)  Annuals weeds usually produce thousands of seeds on each plant. Buried in 

 soil by deep tillage. These weed seeds can remain dormant for several years. 
 This makes weed eradication almost infeasible. Therefore, a farmer must be 
 particular about not allowing the weeds to set seeds on his land. 

 
(ii)    Biennials Weeds: -   They complete their life cycle in two years; in the first 

year they remain vegetative and in the second year they produce flowers and 
set seeds. The usual feature of biennial weeds to flower in the second year of 
growth limits their dispersal through seeds very much. It is so because they get 
harvested along with the crop plants before they get a chance to set seeds.        
( Launaea nudicaulis). The biennial weeds must be controlled in the first year of 
growth before these have a chance to store food in their roots.  

 
(iii) Perennial weeds: - They grow for 3 or more years.  

(i) Usually, perennials weeds flower for the first time in the second year of 
their growth and thereafter flower each year regularly. 

(ii) Besides seeds, they reproduce vegetative from underground 
specialized organs. 
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(iii) In tropical areas these remain green throughout the year although in 
subtropical regions they may undergo dormancy during the low 
temperature periods. 

 
Depending upon the depth of their underground growth the perennial weeds 

may further be classified as:- 
 

(a) Shallow rooted perennials: - eg. Cynodon dactylon ‘Bermudagrass’ 
Agropyron repens ‘ quackgrass’. 

 
Their roots and rhizomes are limited mainly to the furrow slice depth of soil. 
 

(b) Deep rooted perennials: - e.g. Cyperus rotundus ‘Purple nutsedge’ and 
Sorghum helepense ‘Johnsongrass’ are deep rooted perennials.  

 
Difficult perennials weeds are also called perecious weeds. 
 

   The control of perennial weeds is much more difficult than that of annuals 
since neither tillage nor the present day selective herbicides can reach their deep 
roots and underground modified shoot systems. Therefore, attempts to suppress 
such weeds are usually made during the fallow seasons by deep summer tillage 
along with the application of herbicides. 
 
(2)      CA to Cotyledon character:- 
 
(i) Monocots :- Also known as narrow leaf or grass weeds eg. Cynodon dactylon. 
(ii)      Dicot :- Also known as broadleaf weeds ,e.g. Digera arvensis  

            
Two exceptions to this are sedges and cattails which although narrow leaved, 

are not grasses. They belong to the family Cyperaceae and Typhaceae, respectively. 
 

(3)     C. A. to the nature of stem:- 
(i) Woody and Semi woody (ii) Herbaceous Spp.   

 
(i) Woody and Semi Woody weeds:- Include shrubs and under-shrub and are 
 collectively called brush weeds. Lantana camara, Acacia arabia, Prosopis 
 juliflora and Zizyphus rotundifolia are the examples of brush wees. 

(ii) Herbaceous weeds:- In variance with woody and semi-woody, herbaceous 
weeds have green, succulent stems and are of most  common occurrence 
around us Amaranthus viridis, and Chenopodium  album are the examples of 
herbaceous weeds.  
 

(4)       C. A. to Association:-   
 
(i) Season bound weeds: - It grows in specific season of the year with 

disregard to the crop species cultivated. These weeds may be either summer 
annuals or winter annuals. In the case of perennial weeds the period of their 
major vegetative growth is taken as their growing season, e.g. Sorghum 
halepense is a summer perennial weed, whereas,  Cirsium arvense is a winter 
perennial weed. 
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(ii)     Crop- Bound weeds:- These are usually parasitic weeds. They depend for 
 their survival upon their host plants partially or fully. Cuscuta spp. 
 Orobanche spp. and Striga spp. are   the most common crop bound 
 weeds. 
 
(iii)  Crop associated weeds:- These are also crop specific but they may be 
 associated with certain crops for one of the following reasons:  
 
(a) Need for specific micro climate:- Weeds like Cichorium intybus requires a 

for their best growth shady, cool and moist habitat which is amply available in 
crops like lucerne and berseem. 

 
(b) Mimicry:- Wild rice in paddy field, Wild oat and Canary grass (Phalaris spp.) 

in small grain crops survive because of their similarity in morphology with host 
crops. This mechanism is called mimicry. A weed like wild oat tends to grow 
to the height of winter grains and adjust its ripening time to the crop over a 
wide varietal range. This kind of mimicry is called phenotypic mimicry. 

 
(c) Ready contamination of crop seeds with weed seeds. Allium spp., Wild 

garlic and P. minor mature their seeds at the same height and time as winter 
grains and thus they easily contaminate crop seeds at harvest. 

 
(5) C. A. to habitat:-          

1.   Crop land weeds - Digera arvensis      
           2.    Fallow land weeds – (Zizyphus rotundifolia) Jharber 

3.  Grassland, Pasture or Rangeland weeds - Cyperus rotundus  
           4.   Non cropland weeds (Industrial weeds) - Xanthium strumarium        

      Acanthospernum hospidum,  Tribumsterrestris 
 5.   Aquatic weeds    - Eichhornia crassipes  

6.   Forest & woodland weeds - Lantana camera  
7.   Lawn and garden weeds    - Cyperus rotandus, Euphorbia spp. 

                Eragratis Major. 
8.   Orchard and Plantation weeds – Cynodon dactylon, Cyperus rotandus 

 9.   Weeds of Road side - Xanthium strumarium, Parthenium hysterophorus 
 10.  Weeds of canal & irrigation channel - Cyperus spp., Cynodon  dactylon   
 
(6)  C. A. to the origin of weeds:-  Many of our weeds in India originated in some 
other parts of the world. Such weeds are also called “Anthrophytes / alien/ 
introduced weeds”. The origins of some important weeds are as under   
 

Weeds species Probable Origin 

Convolvulus arvensis Eurasia 
Cyperus rotundus Eurasia 
Eichhornia crassipes Tropical America Brazil 
Lantana camera  Central America/ Tropical America 
Orobanche spp.  Europe 
Sorghum halepense Southern Europe and Asia 
Tribulus terrestris Southern Europe 
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(7) C.  A. to soils: - Of the several variable of soil, pH is implicated most 
frequently with the distribution of weed species over areas of similar agroclimate. On 
highly acid soils acidophile weeds such as Rumex acetosella tend to dominate the 
weed flora. on saline and alkali soils basophile weeds like Polygonum spp. are 
found. However most of our common weeds are neutrophiles. 
 
 The texture of soil and consequently its water holding capacity also 
determines to a great extent, the weed flora of a place. For example,Tribulus 
terrestris and Euphorbia spp. dominant on course texture soil whereas  Sorghum 
halepense grow abundantly on heavy moisture retentive soils. Echinochloa colonum 
requires wet soils for their best growth. 

Prominance of certain weeds on particular texture soils is largely due to their 
ability to withstand moisture and air condition prevailing in the soil. 
 
 Some weeds tend to respond also to the nutrient status of the soil. 
 
(a) High soil fertility eg. Nutsedge, Bhumasi   
(b) Low soil fertility eg. Popati  
 
(8) Facultative and Obligate weeds:- Facultative weeds are those weed 
species that grow primarily in wild communities but often escape to cultivated  field, 
associating themselves closely with mans affairs eg. Opuntia spp. These are also 
known as apophytes.  

Obligate weeds on the contrary occur only in cultivated or otherwise disturbed 
land. They can not stand competition from volunteer vegetation in a closed 
community. eg. Convoluvulus arvensis. 

 
(9) Noxious and objectionable weeds: - A noxious weed is a plant arbitrarily 
defined as being especially undesirable, troublesome and difficult to control. These 
weeds have immense capacity of reproduction and dispersal and they adopt tricky 
ways to defy mans efforts to get rid of them. These are sometimes also referred 
special problem weeds. E.g. Cyperus rotundus, Orobanche spp. Striga spp., 
Parthenium spp. and Cynodon dactylon. 

 An objectionable weed is a noxious weed whose seed is difficult to separate 
once mixed with crop seeds. e. g. Jirado with Cumin.    
 
2.2 PROPAGATION OF WEEDS  

 
(i) Propagation through Seeds: - The majority of weeds reproduce by distinct seed 

formation which is prolific, particularly in the annual and biennial species. Such 
weeds are capable of producing easily few thousands of seeds per plant every 
season at the termination of their vegetative phase. In the perennial species, on 
the other hand, the viable seed production facility is much limited, like in Cyperus 
rotundus and Cynodon dactylon which produce only 40-170 seeds per plant. But 
there are exceptions to this generalization since the perennial weeds like 
Sorghum halepense and Saccharum spontaneum produce thousands of seeds 
per plant every year, in the same fashion as the annual weeds. In an undisturbed 
field, like in the no-tillage farming system, most weed seeds that fall on the 
ground tend to remain in the top about 1cm soil layer. But in the conventional 
farming system, tillage of the field tends to distribute these evenly in the plough 
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layer of the soil. Some weed seeds may reach even deeper, up to 30 cm or more, 
by entering through the soil crevices. A weed like Commelina benghalensis 
places its seeds directly inside the soil since it produces both aerial and 
underground flowers and seeds. Within the soil the weed seeds are capable of 
retaining viability for 2to25 years, depending upon the weed species. For 
instance, Rumex spp. Seeds showed 63-90 % germination up to 2-7 years after 
these were burried 30 cm deep, while Echinochloa, Poa and Chenopodium spp. 
germinated even after 25 years of their similar burial in the soil.  

 
(ii) Propagation through Vegetative Propagules:- In vegetative propagation of 

weeds either their stem or root fragments may grow into new plants, or the weed 
may produce some specific modified vegetative organs for this purpose, both 
above and under the ground. These modifications may be in the form of 
rhizomes, root stocks, runners, stolons, suckers, offsets, tubers bulbs or bulbils. 
Collectively these are termed as Vegetative Propagules. 

 
The vegetative propagation is primarily a feature of perennial weeds which 

employ one or more of the above cited propagules to achieve the objective, 
depending upon the weed species. A weed like bermuda grass (Cynodon dactylon) 
uses rhizomes under the ground, and runners and stolons over the ground surface to 
propagate itself into new colonies. Its rhizomes form a dense network, largely in the 
plough layer of the soil. But in some other weeds like tiger grass (Saccharum 
spontaneum) and johnson grass (Sorghum halepense), the rhizomes travel much 
deeper into the soil. Purple nutsedge (Cyperus rotundus) propagates by its 
underground, prominent tubers which are, in fact, swollen ends of its wiry rhizomes. 
In weeds like opuntia (Opuntia spp.) and dodder (Cuscuta spp.), the detached stems 
gives rise to new plants. Field/bindweed (Convolvulus arvensis) and Canadathistle 
(Cirsium arvense) propagate typically by their extensive horizontal and vertical root 
system. Offsets are found in an aquatic weed like water hyacinth (Eichhornia 
crassipes). Hydrilla spp. Produce aerial buds called turions as additional means of its 
vegetative propagation.  

Beside the perennial weeds, some annual weeds can also adopt specific 
vegetative propagation mechanism. Such weeds vigourate their crown buds to 
produce new plants when the parent plants are cut at the ground level. Carrot grass 
(Parthenium hysterophorus), lantana (Lantana camara), and arrowwood (Pluchea 
lanceolata) are some weeds of this type. 

Weeds equipped with vegetative propagation mechanisms are extremely 
difficult to manage since their propagules are located in up to 100 cm soil depth 
where these are not easily approachable even with deep tillage or any available 
herbicide. Moreover, weeds which are able to regenerate from roots will almost 
always be able to recover from cultivation, howsoever deep. 

 
2.3 DISPERASAL OF WEEDS:- 

 
The dispersal of seeds and vegetative propagules of weeds away from the 

parent plants is nature’s way of providing non-competitive sites to the new 
individuals. If all the mature weed seeds were to fall near their mother plants, the 
young plants would face severe competition amongst themselves, to their great 
disadvantage. But, fortunately, it is not so. Weeds disperse to new sites freely, with 
complete disregard to the field and geographical boundaries. 
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(1) Dispersal Of Weed Seeds:- Weed seeds may get dispersed with agents like 
 
(1) Wind:- Usually, the weed seeds (and fruits) that disseminate through wind 
possess special organs to keep them afloat. Some such organs are:  
 

(a) Pappus, which is a parachute like modification of persistant calyx into hairs, as 
found in several Asteraceae weeds 

(b) Comose, where weed seeds are covered with special hair, as occurring in 
Calotropis spp.; 

(c)  Feathery, persistent styles, such as found in certain species Anemone 
(d) Balloon, which is a modified papery calyx that encloses the fruit loosely along 

with the entrapped air, as found in Physalis minima; and  
(e) Wings, like those developed in Acer macrophyllum. 
 

Besides the above adaptation, some weed seeds and fruits are so light may 
become air-borne with a storm without any special floating arrangement. The density 
and test weight of such weeds are very low. High velocity wind can sometimes 
disperse even heavy weight weed seeds in yet another interesting manner. It may 
detach the whole plant of the weed from the ground and roll it over long distances, 
dispersing its seeds all along the way. This mode of dispersal of weed seeds is 
common with Carthamus oxyacantha wild safflower and Salsola kali ‘Russian thistle’. 
In Argemone mexicana ‘Mexican poppy’, the wind swings the intact plants and forces 
their mature pods to disperse their seeds some distance away from the mother 
plants. The mechanism is called Censer-Mechanism.  
 
(2) Water: - Aquatic weeds disperse primarily through water. They may drift either as 
whole plants, plant fragments, or as seeds with the water currents. Terrestrial farm 
weeds also frequently disperse with water in irrigation and drainage channels down 
the stream to new fields. 
 
(3) Animals: Many weedy fruits and seeds are eaten by birds and animals. 
Depending upon the digestion mechanism of the animals and the nature of the weed 
species, 0.2 to9.6% of the ingested weed seeds are passed in viable form with the 
animal excreta, which is dropped wherever the animal moves. This mechanism of 
weed dispersal is called endozoochory. Chicks digest the weed seeds most 
efficiently. Several birds pick up the weed fruits and seeds on their wings, feet, and 
beaks and drop these during their flight. Dissemination of lantana seeds, for 
example, is chiefly through two birds the Indian Myna and the Chinese turtledove. 
Parasitic Loranthus seeds stick to the beaks of the birds which are transferred to 
new branches of the trees when they rub their beaks against them.  

Farm animals carry weed seeds and fruits on their skin, hair, and hooves. 
This is aided by special appendages, such as hooks (ex. Xanthium stumarium), stiff 
hair (ex. Cenchrus spp.),Sharp spines (ex. Tribulus terrestris), scarious bracts (ex. 
Achyranthus aspera), and sticky grands (ex. Boerhavia repens). Ants carry a large 
number of certain weed seeds possessing attractive secretions, from one place to 
another. 

(4) Man: Careless acts of man are greatly responsible for the dispersal of weeds. For 
example, when farm machinery is carried from one field to another without proper 
cleaning, it carries numerous weed seeds with it. Weed seeds and fruits are carried 
on wheels of carts, automobiles, and aeroplanes. Too, man has carried weeds with 
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him throughout the globe during his travels. Numerous weed seeds and fruits are 
dispersed by man with raw agricultural produce. This usually occurs in the case of 
weeds that mature at the same time and height as the host crop, and have similar 
size and shape of their seeds (orfruits) as the crop seeds. Such weeds are called 
satellite weeds, for instance, Avena fatua, Phalaris minor, Oryza spp., Cichorium 
intybus, and Cuscuta spp. They form an integral part of specific crops. 
 
(5) Manures and Silage: Farm-yard manure can be an important source of 
dissemination of weeds since after numerous viable weed seeds are present in the 
dung of farm animals. Also, there are often direct additions of mature weeds to the 
compost pits as farm wastes. Even under optimum temperature and acidity 
conditions of the compost pits, the seeds of a weed like Convolvulus arvensis (field 
bindweeds) have been reported to retain viability to the extent of 4% in the first 
month of composting, and up to 1% two months later. 

 
(2) Dispersal of Vegetative Propagules of Weeds: - Careless cultivation of land is 
perhaps the foremost factor in the dispersal of vegetative propagules of weeds.  
 
1. Cultivation detaches underground organs of weeds such as rhizomes, rootstocks, 

and tubers and drags them to uninfested spots where they grow into new 
colonies. The aerial bulbs of Allium spp. (Wild onion) disseminate with seeds of 
small grains.  

2. Transplants of crops often carry weed seeds, rhizomes, and tubers hidden in their 
root soil. A weed like Echinochloa spp. ‘Barnyard grass’ mimics rice plants so 
well that in may leave rice nurseries along with the crop seedlings and get 
transplanted in the main field in large numbers.  

3. Aquatic weeds (whole plant, plant fragments, or vegetative propagules) 
disseminate largely with water current, boats, and ships. 

 
2.4 PERSISTENCE OF WEEDS:- 
 

 High persistence of weeds results from their multifacet mechanisms. 
Important among these are:- 

 
(i) Prolific Seed Production:-  
       

 Seed Production Capacity of Certain Common Weeds   

Weed species Average No. of seeds 
per plant 

Immediate germination 
% 

Amarathus spp. 196000 Not recorded 
Brassica nigra 58000 Not recorded 
Chenopodium album 72000 Not recorded 
Cuscuta spp. 16000 Not recorded 
Cynodon dactylon 170 6 
Cyperus esculentus 820 38 
C. rotundus 40 0 
Datura stramonium 13900 5 
Eleusine indica 41200 61 
Portulaca spp. 193000 6 
Trianthema spp. 52000 Not recorded 



 14 

(ii) Dormancy of Weed Seeds and Other Propagules in Soil:-  
Within the soil weed seeds can remain dormant for three reasons:- 
 

(a) Enforced Dormancy: - Enforced dormancy in weed seeds is due to their 
placement deeper than 5 cm, resulting usually from tillage of the field. Weed 
seeds under this kind of dormancy germinate readily whenever these are 
restored to the top 3 to 5 cm layer of soil by tillage, provided adequate soil 
moisture and congenial temperatures were available in this zone of the soil. 
Enforced dormancy is a non-specific character of the seeds and it is caused by 
the absence of red light ® under the ground, which otherwise induces 
germination in seeds. 

 
(b) Innate Dormancy:- Innate dormancy is a genetically controlled character and it 

is a feature of specific weed seeds. Innate dormant seeds will fail to germinate 
even if they were present in the top 3 to 5 cm soil and adequate soil moisture 
and temperature conditions were provided to them. Innate dormancy usually 
results for reasons of either hard seed coat. In certain weed seeds, particularly 
those of xerophytic origin, the presence of specific germination inhibitors is 
responsible for their innate dormancy. In nature the innate dormancy of weed 
seeds is overcome with either passage of time, or under the influence of some 
climatic pressure. 

 
(c) Induced Dormancy:- Induced dormancy results from some sudden 

physiological change in otherwise non-dormant weed seeds under the impact of 
factors like a marked rise in soil temperature, increased CO2 content of the soil, 
low O2 pressures, water logging, etc. Certain weed seeds, like those of wild oat 
exhibit all the three kinds of dormancies.   

 
(iii)  Vegetative Propagation:- Many weeds are extremely persistent because of   

their ability to propagate by vegetative means. When the above ground parts of 
such weeds are destroyed, their deeply placed vegetative propagules put forth 
new shoots as soon as the external stresses are removed and favorable 
conditions revive. Even if some kind of deep tillage is employed in an attempt to 
destroy these, it will be a futile exercise since fragments of the  weed propagules 
get easily dispersed to new areas where they initiate fresh colonies. 

 
(iv)  Rapid Dispersal:- Dispersal is a very important means of persistence of 

weeds. It exposes them to different ecosystems so that each weed species  can 
choose its most favorable environment and put up a hard struggle for existence 
in nature. Dispersal is the key factor in developing a persistent weed population 
for every possible niche in the environment. Dispersal aids persistence of 
weeds in proportion to the dispersal agents and adaptations available to them. 

 
(v)  Inherent Hardiness:- To be widely successful a weed species must adapt 
 itself to diverse environmental conditions. Weeds seem to possess some kind 
 of built-in mechanism to survive against the vagaries of nature, like extreme 
 cold, heat, drought, biotic stress, and soil abnormalities. This is inherent 
 hardiness of weeds.  
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(vi)  Evasiveness:- Many a weed is capable of evading destruction by animals 
 and man because of their bitter taste, disagreeable odor, spiny nature, and 
 mimicry. 
 
(vi)  Self Regeneration:- Weeds are self-sown plants. They don’t require any 
 artificial, friable seedbeds for their germination. Detached from the mother 
 plants, weed seeds and other propagules germinate profusely on un disturbed 
 soils whenever the environment is favorable for the purpose. 
 
(vii) Selective Invasion:- Weed species differ widely in their soil and climatic 
 requirements. But in the first instance, the weed flora composition depends 
 upon the chance a particular weed had to reach a particular site. The nature 
 then makes a critical selection out of the lot and allows only those weed seeds 
 to germinate at a time which were most adapted to the environment prevailing 
 then. The seeds of rest of the weed species wait in soil till the environment 
 outside changes. At this stage, suddenly another set of weed species takes 
 over the ground. The major environment factors which determine the weed 
 species composition on the ground comprise the available soil moisture, soil 
 pH, temperature, photoperiod, and solar energy. 
 
(ix) Weed Succession:- In nature, the individuals of a weed species often have 

chance to cross breed to variable levels. This leads to the development of a  few 
plants of different genetic make-up, forming new races within a species. Such 
races of weeds are called agricultural ecotypes. When herbicides (or bio 
agents) are used continuously to destroy the “normal” races of a weed species, 
their newly developed ecotypes may sometimes prove tolerant to the herbicides 
used; whence they get chance to gradually expand in numbers, each season. 
Such agricultural ecotypes are then called chemo types. The chemo types 
greatly aid a weed species to persist. Weed succession can also occur amongst 
different weed species themselves in response to long term adoption of an 
agricultural practice, including the use of herbicides. This leads to the 
destruction of the susceptible group of weed species, leaving behind few plants 
of the resistant species to gradually build up their population and finally emerge 
as the dominant weed flora of the area.  

 
 

*** 
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CHAPTER--  33 
 

Weed biology and ecology, crop weed association and crop weed 
competition 

 
3.1 WEED BIOLOGY AND ECOLOGY 
 
 The biology of weeds is concerned with their taxonomy, genetics, 
establishment, growth, and reproduction. The ecology of weeds is concerned with 
the development of a single species within a population of plants and the 
development of all populations within a community on a given site. The numerous 
factors of the environment have a pronounced influence on all of these processes 
and systems. The environment and the living community are considered to be an 
ecosystem, and in an agricultural situation are considered an agro ecosystem. 
 Knowledge of weed biology and environmental management practices makes 
it possible to shift plant populations and communities in desired directions. This is 
the principle behind crop production that theoretically optimizes the growth 
environment of the crop but minimizes the potential of unacceptable pest levels. For 
example, cultivation in a crop field makes the environment favorable to the crop 
plants by removing competing weeds. The use of proper grazing and/ or fertilization 
management in pastures and range areas maximizes the growth environment for 
desirable species by minimizing the growth of yield-reducing weeds. 
 Understanding the basic biology of a weedy plant, how it responds to its 
environment (ecosystem), its place of origin  and similarity (crop mimics with parallel 
evolution) or dissimilarity (independent evolution) with crop plants can provide 
needed insight to weed managers on specific practices to reduce weed influences in 
given situations. At present, the weakest link in our weed management programs is 
the lack of basic biological and ecological information. This lack of information has 
necessitated that most effective weed management programs are designed to 
remove problem weeds by brute physical or chemical means. The recent emphasis 
in research on obtaining a better understanding of weed biology/ecology and the 
interactions within the agro ecosystem will allow for the design of more balanced 
ecologically and environmentally based weed management systems. The purpose of 
such systems will be to provide consistent and acceptable weed control and ensure 
the sustainability of our agricultural systems. 
 
3.2 CROP WEED ASSOCIATION: 
 

Weeds associated with different Soils and crops 
 

(1) WEEDS ASSOCIATED WITH SOILS:- 
 

Soil fertility, soil PH, soil temperature, radiation and soil water influence weed 
population. Soil acidity and alkalinity have considerable influence on weed 
population.  

Some weeds tend to respond also to the nutrient status of the soil. 
Desmodium and Stellaria spp. Are highly sensitive to low P and K levels in soil, but 
Crotolaria, Ipomoea, and Cassia spp. are very tolerant to low soil P levels. Likewise, 
Plantago and Rumex spp. survive well on low K soils. 
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Soil Parameter:-  
 
(1) Soil moisture:- 
 (a) High- Hydrocotyl (Brahmi booti), water hyacinth      

(b) Low- Jwasa, Baynsuri, puncture wine, Acacia 
 
(2) Soil Texture :- 
 (a)  Gravel- Boerhavia diffusa (Satodi)  
 (b)  Sand- Saccharum spontaneum (Kans), Argemone  maxicana 
 
(3) Soil Reaction 

(a)  Alkaline- Sida acuta , Argemone maxicana , Polygonum spp. 
(b)  Acidic- Euphorbia thymifolia, Spergula arvensis,Rumex acetosella 

 
(4) Soil Fertility:- 

(a) High – Cyperus rotandus, Trianthema monogyna, Erugralis major 
(b) Low- Perstrophe bicalculata 

 
(2) WEEDS ASSOCIATED WITH DIFFERENT CROP:- 
 

Field surveys show that different crops have their characteristics weeds. Once 
a certain weed species is introduced, the abundance or scarcity in a given crop is 
determined largely, by the degree of competition afforded by that crop. The weeds 
competitive ability depends upon its vegetative habit, readiness of seed germination, 
rate of seeding, extent and nature of root and top growth. Monocot culture, operation 
associated with the growing of a crop, together with the rotations in effect, may be 
such as to discourage specific weeds.    
 
3.3 CROP WEED COMPETITION AND ALLELOPATHY  

 
(1) COMPETITION FOR NUTRIENTS:-  
 

Competition for nutrients constitutes an important aspect of weed-crop 
competition. Weeds usually absorb mineral nutrients faster than many of our crop 
plants and accumulate them in their tissues in relatively larger amounts. Amaranthus 
spp. for example, often accumulates over 3% N in their dry matter and fall into the 
category of nitrophills. Digitaria spp. on the other hand, is a phosphorus 
accumulator with a P2O5 content of over 3.36%. Chenopodium and Portulaca spp. 
are likewise potassium lovers, with over 4.0% K2O in their dry matter. 

 
(2) COMPETITION FOR MOISTURE:- 
 

Research has established that weed-crop competition for moisture usually 
occurs along with other elements of competition. It becomes increasingly critical with 
increasing soil moisture stress, as occurring in the dry farming areas of the semi-arid 
and arid regions of our crop plants.  
 



 18 

Transpiration Coefficients of Certain Weeds and Crops 
 

Plant species Transpiration 
coefficient ‘Q’ 

Plant species Transpiration 
coefficient ‘Q’ 

Weeds  

Amaranthus viridis 336 Tridax procumbens 1402 

Cynodon dactylon 813 Xanthium strumarium 331 

Digitaria sanguinalis 696   

Echinochloa colonum 674 Crops 

Ischaemum pilosum  556 Zea mays 352 

Tribulus  terrestris 221 Sorghum vulgare 394 

 
Therefore, in dry land agriculture the actual evapotranspiration from the 

weedy crop fields is much more than the evapotranspiration from a weed free crop 
field. In such an agri-system, during a dry spell the weedy crops exhibit wilting or 
other moisture stress symptoms much earlier than a weed free crop. So much so, in 
a weedy field the soil moisture may be exhausted much before the crop reaches its 
fruiting stage. Which is often the peak consumptive use period of the crop, causing 
significant cuts in crop yields. Rooting depth of weeds are given as under. 

 
Rooting Depths of Some Common Weeds 
 

Weeds species Maximum  
observed  
rooting  

depth (m) 

Weeds species Maximum  
observed  

rooting depth (m) 

Amaranthus paniculatus 0.5 Portulaca oleracea 0.8 
Cleome sp. 0.6 Trianthema monogyna 1.2 
Convolvulus arvensis 2.4 Tribulus terrestris 1.2 
Eclipta alba 0.9 Euphorbia prostrata 1.3 

 
(3) COMPETITION FOR LIGHT (SOLAR ENERGY):- 
 

Plant height and vertical leaf area distribution define effective components of 
the competitive struggle for light. It becomes most important element of weed-crop 
competition when moisture and nutrients in soil are plentiful, and weeds have an 
edge over crop plants in respect of their height. Light competition may commence 
very early in the crop season if a dense weed growth smothers the crop seedling. 
Crop like cotton, potato, several vegetables, sugarcane, etc. are prone to heavy 
weed growths at their seedling stages and, consequently, suffer badly at the hands 
of shading effects of weeds. An important feature of competition for light in plant 
communities is that unlike competition for N and moisture, once the crop seedlings 
are shaded by weeds, later on providing additional solar energy cannot make up for 
the crop stunting caused earlier. 
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(4) ALLELOPATHY: 
 
 Green plants produce numerous secondary metabolites, many of which are 
capable of initiating chemical warfare among the neighboring plants growing in a 
community. These chemicals have been designated as allelo-chemicals and the 
process as allelopathy. Both, crop and weedy plants may possess such allelopathic 
compounds, but, unfortunately, the weed species often possess much higher levels 
of these than our present day crop varieties  which have lost such metabolites during 
their breeding by man for high yield and quality. This is now considered a very 
important mechanism available with most weeds to stunt the growth of crops. The 
allelopathic compounds may be released from plants into the soil as either root 
exudates or as decomposition products of their dead and worn-out tissues. Some 
weedy plants have also been found to release volatile allelopathic compounds from 
their foliage which prove unhealthy to the nearby crop plants. 

While one is concerned about the adverse allelopathic influence of weeds on 
the crop plants, there are several instances when such a phenomenon is observed 
amongst the weeds themselves, giving scientists opportunity to use it in allelopathic 
control of certain weeds using specific botanicals. For instance, dry dodder powder 
has been found to inhibit severally the growth of water hyacinth (Echhornia 
crassipes) and eventually kill it. Like wise, dry carrot grass (Parthenium 
hysterophorus) powder was found detrimental to certain other aquatic weeds. 

Allelopathy, in true sense, does not form any aspect of weed-crop 
competition, although it causes weed-crop interference. Therefore, the weed 
scientists now prefer to talk of weed-crop interference rather than weed-crop 
competition. The term weed-crop interference includes competition, as well as, the 
possible Allelopathy.  
 

***
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CHAPTER--  44 
 

Concept of weed prevention, control and eradication 
 
WEED PREVENTION 
 
 Weed prevention comprises all measures which deny the entry and 
establishment of new weeds in an area. It also includes farm hygiene that prevents 
the every year production of seeds, tubers, and rhizomes of the weed species 
already present on the farm. 
 Some major aspects of weed prevention on farmland are as follows:- 
 
(1) Use Weed free crop seeds:- one important way the weeds spread on the 
farmlands is through crop seeds, contaminated with the weed seeds. Some weed 
seeds always go with certain crop seeds, for example, Avena fatua and Brassica 
spp. with small grains. 
 The prevention of weeds that disperse with the crop seeds can be achieved in 
two ways, viz. (I) by the production of weed free crop seeds at the Government 
farms or at the farmer’s field itself, and (II) by cleaning the crop seeds of weeds 
before storage as well as at the time of sowing. 
 
(2) Avoid contamination of manure pits:- It is a common practice of adding 
mature or even blooming weeds and their vegetative propagules to manure pits in 
the hope of recovering their manurial value. In most cases the weed seeds do not 
lose their viability in the manure pits and the resulting farm-yard manure serves as a 
notorious source of adding weed seeds to crop land. 
 
(3) Prevent Movement of weeds with other farm resources:- Do not permit 
livestock to move from the weed-infested areas directly into clean areas because 
they can always drop weed seeds and fruits attached to them or those ingested by 
them earlier. The farm machinery, for similar reason, should be cleaned properly 
before moving it from one field to another. Same is true of the movement of nursery 
stock, gravel, sand, and soil from weed-infested areas to the new ones.  
 
(4) Keep non-crop areas clean:- The irrigation and drainage ditches, fence 
lines, farm boundaries, bunds, and other like un-cropped areas are often neglected 
by farmers. These places offer a perpetual weed nursery for the cropped plots. This 
should be prevented by extending the weed control efforts to non-crop areas on the 
farm. 
 
(5) Keep vigilance:- A farmer should inspect his farm areas periodically for some 
strange looking weed seedlings. The search for them should be extended into 
standing crops even if herbicides or cultivators were used to control weeds there. No 
sooner than any strange looking weed seedling are noticed, they should be uprooted 
by digging as deep as their roots may have penetrated the soil, and the soil in these 
spots should be treated with a suitable sterilant. 
 
(6) Legal measures:- Legal measures are necessary to check inter-state and 
inter-country movement of noxious weeds if the cost of having to control additional 
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alien weeds is to be saved. Unfortunately, thus far, in most parts of the tropical and 
sub-tropical world, noxious weeds have not been subjected to strict quarantine laws. 
This has resulted in the introduction and spread of some of the costliest weeds of the 
world. 
 
Control and Eradication 
 
 Weed control is the process of limiting weed infestations so that crops could 
be grown profitably and other activities of man conducted efficiently. The word ‘crop’ 
is not restricted here in its meaning to maize, sugarcane, or wheat, but it means any 
plant community that is serving some useful purpose to man and his affairs at the 
place of its occurrence. 
 In weed control we seek to limit the growth of unwanted plants, both in space 
and time, with-out any attempt to eliminate them from the scene. The extent to which 
any weed growth is desired to be limited will depend upon the cost of weed control 
and the benefits anticipated from the operation. The aim of weed control is to 
manage the vegetation on land and in water bodies in such a way as will encourage 
the growth of plants beneficial to our interests at a particular place and time and will 
suppress the remaining relatively unwanted plant species. 
 In variance with weed control, weed eradication is complete removal of all live 
plant parts and seeds of a weed from an area, which may be a 
field/farm/village/geographical region, depending upon the need. Although very 
attractive, it is a very expensive adventure sine it will often cost more than the land 
was worth. Moreover, total destruction of weeds is considered undesirable even from 
crop fields since many weeds harbor predators of crop pests, or secrete in soil 
nematicides, while all of them hold soil nutrients against their leaching losses during 
fallow periods. Heavy expense of weed eradication is justified against noxious weeds 
such as Striga, Cuscuta, and Lantana spp., to prevent their dispersal to additional 
millions of hectares of useful land and water bodies. Against the common weed, we 
employ only control measures. But when required, a weed eradication programme 
should begin when the weed growth is still limited. Once the weed has invaded large, 
continuous areas, its eradication becomes uneconomical. The weed eradication is 
accomplished in more than one year; it requires intensive initial efforts to destroy all 
plant parts followed by many years of vigilance to prevent the new weed seedlings 
from establishing into adult plants. In variance with it, weed control is an every year, 
constant rate programme. Of course, with proper preventive measures, efforts 
required to control weeds can be reduced to a very low level, in due course of time. 

 
 

***
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CHAPTER--  55  
 

Methods of weed control 
 

(A) Physical Control of Weeds  
(B) Crop Husbandry Control of Weeds 
(C) Herbicidal Control of Weeds 
(D) Biological Control of Weeds 
(E) Crop Breeding For Weed Control 
(F) Non-living Mulches 
(G) Burning and Flaming 
 
(A)    CROP HUSBANDRY CONTROL OF WEEDS:- 
 

Good crop husbandry is more than half the weed control envisages on farm 
land. While directly it induces a healthy growth of crop, indirectly it maintains a crop 
environment that is as detrimental to weeds as possible. 
 
(1) Proper crop stand and early seedling vigor:-  

 
Ready and uniform germination of crop seeds and their development into 

vigorous crop seedling leaves less space for the weeds to grow amongst the crop 
plants. Uneven and low crop populations and weak crop seedlings, on the contrary, 
permit thick growth of weeds. A vigorously growing crop aids weed control by 
weakening the weeds by offering competition.  
  

Important steps in obtaining good germination and optimum stand of crops 
are (1) selection of most adapted crops and crop varieties, (2) the use of high 
viability seeds, (3) pre-plant seed and soil treatment with pesticides, dormancy 
breaking chemicals, and germination boosters, (4) adequate seed rates and (5) 
proper planting time and method. Despite these practices if some gaps are still seen 
in the crop rows, these must be filled as soon as possible. Row spacing of crops 
should be as narrow as agronomic recommendations will allow so that the crops 
close in early. Unnecessarily deep plantings of crop seeds should be avoided as it 
results in slow germination, and often, in weak seedling. 
 
(2) Selective crop stimulation:- Selective crop stimulation can be achieved in 
many ways. To start with, correction of soil condition to favor crop growth by the 
application of soil amendments like gypsum or lime, as the case may be, is an 
important step towards favoring crop growth. Addition of farm-yard manure or 
synthetic soil conditioners to very light or very heavy soils may be useful in improving 
crop growth by ameliorating the soil structure and thus, maintaining better air-water 
relationships. 
 Application of suitable fertilizers and manures in adequate quantities improves 
plant growth very much. But when these are applied uniformly to soil, they may 
benefit the crops and weeds. Therefore to make fertilizers available mainly to the 
crop, these should be banded or side dressed. Weeds growing 20 cm or more away 
from the fertilized bands usually fail to make use of even a mobile nutrient like N. 
Such weeds remain stunted in comparison to the close growing weeds. Foliar 
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application of fertilizer to wide row crops like maize sugarcane, and cotton, also 
amounts to their selective stimulation. 
 
(3) Proper planting method:- Any planting method that leaves the soil surface 
rough and dry will discourage early weed growth. For example, in India when winter 
grains are planted in seedbeds prepared after a pre-sowing irrigation, it leaves the 
top defers the germination of the weeds. By this time the crop plants are sufficiently 
grown-up to fight weeds. In variance with this sound practice of planting crops, when 
a farmer plants his crops in dry soil and irrigates the field soon thereafter, the lands 
himself into serious weeds problems.  
 In the summer season, furrow planting of crops is a very useful method of 
reducing the weed problems. It is so because in this method the irrigation water is 
restricted initially to the furrows. This leaves the inter-row crop spaces dry where 
weeds fail to germinate. After the crop seedlings are well established, the fields can 
be irrigated, uniformly. 
 In transplanted crops the farmer gets opportunity to prepare a weed free field 
for the placement of healthy crop seedlings. This gives a definite advantage to the 
crop over the later germinating weeds.  
 
(4) Proper planting time:- With the availability of photo-insensitive varieties of 
many crops, manipulation of planting time of crops so as to avoid the first heavy 
flush of weeds should be easy. For instance, when rainy season crops like maize 
and cotton are planted about 15 days before the break of monsoon with the help of a 
pre-sowing irrigation, the crops germinate in weed free environment. And by the time 
the weeds germinate with the onset of rains, the crop seedlings are well up. 
 
(5) Crop rotation :-  Crop rotation are effective in controlling crop-associated and 
crop-bound weeds such as Avena fatua ‘wildoat’ and Cuscuta spp. ‘dodder’, 
respectively. Wildoat can be driven away from small grain fields by using pea and 
gram as break crops for 2 to 3 years. Dodder on the other hand, can be eliminated 
from Lucerne by turning the land to grain crops for some time.  
 
(6) Stale seedbed:-A stale seedbed is one where 1 to 2 flushes of weeds are 
destroyed before planting of any crop. As earlier stated, most weed seeds germinate 
from top 4 to5 cm of surface soil. If a finally prepared seedbed is withheld from 
planting and it contains adequate moisture in its top 4 to 5 cm of soil, a flush of 
young weed seedlings will appear on it, in about a week’s time. These weed 
seedlings can be destroyed either with a contact herbicide like spike tooth harrow, 
trader-packer, spring tooth harrow, corrugated iron land-roller, weeder-mulcher, and 
sweeps. Depending upon the time available, one or two flushes of weeds can be 
destroyed in this manner before planting of crops in the stale seedbeds. The main 
advantage of stale seedbeds is that crops germinate in weed free environment. 
 
(7) Smother cropping: - The smother crops germinate quickly and develop large 
canopy, capable efficient photosynthesis, in relatively short period. They possess 
both surface and deep roots. Also called competitive crops, they suppress the weed 
seedling by excluding light beneath and utilizing large quantities of nutrients from the 
soil, rapidly.  
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(8) Summer fallowing : -Farmers in India, as in many other tropical countries, 
have used for decades hot months of April, May and June to expose their lands to 
sun in order to control many soil-borne pests, including weeds. Roots, rhizomes, and 
tubers of shallow rooted perennial weeds like Bermuda grass and nut sedge are 
desiccated when these are brought to surface by tillage and exposed to air 
temperature of 40 to 450 C. 
 
(9) Minimum tillage :-  Deep and frequent tillage may be useful for some 
reasons, but it serves to (i) bring more of dormant weed seeds and rhizomes to the 
soil surface, and (ii) preserve, the new ones deep inside the soil for the future. Both 
these things are undesirable. 
 
(10) Lowering area under bunds:-Soil bunds made in fields for the purpose of 
irrigation are ideal places for the rapid growth of weeds. Soil dug or scraped for 
making these carries numerous weed seeds that germinate readily on them soon 
after the fields are irrigated, and establish into thick weed populations. These weeds 
form potential source of every year weed seeds on the farm since the application of 
herbicides and cultivations are usually restricted to the net cropped ground. 
 
(11) Flooding and Drainage: - Flood kills weeds by excluding air from their 
environment. Some weed species are more susceptible to it than the others. 
Flooding is a world-wide crop husbandry method of controlling weeds in rice fields. In 
some parts of Madhya Pradesh (India), deep flooding of fallow fields with rain water 
is practiced continuously for 2-3 months. After that the water is let out and the winter 
grains are planted. The practice, locally called ‘Haveli’, is considered very effective in 
controlling weeds, besides conserving moisture. The technique, however, can, be 
used as a weed suppression measure only in limited situations. 
 In variance with flooding, drainage is used for controlling aquatic and semi-
aquatic weeds in rice fields, canals, and ponds. In rice fields, where both terrestrial 
and aquatic weeds may be common, a judicious combination of the two can be 
practiced.   
 
(B)    THE PHYSICAL CONTROL OF WEEDS 
 
(1) Pre-Plant Tillage Control of Weeds:- 

Pre-plant tillage is usually conducted in two phases, viz., the primary tillage 
and the secondary tillage. The primary tillage is conducted effectively with either a 
soil inverting plough or a disc. The secondary tillage, on the contrary, is performed 
with lighter implements like harrows, cultivators, weeder-mulchers, and corrugated 
rollers.  

 
(2)   Post-Plant Tillage:- 
 For a long time, besides the control of weeds, at least three more functions 
were assigned to the post-plant tillage, more popularly called row cultivations. These 
function are (i) conservation of soil moisture, (ii) enhanced soil aeration, and (iii) 
mixing of fertilizer and manures with the soil. The development of chemicals to 
control weeds made it possible to separate the weed control effects of row-tillage 
from its other effects. 
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(3) Mowing and Cutting:- 
 
      (i) Mowing: Mowing is cutting of a uniform growth of weeds from entire area at 
the ground level. Its chief purpose is to improve look and accessibility to the area, 
and in certain cases to prevent multiplication of weed seeds. Also, repeated mowing 
can weaken the underground parts of perennial weeds. 
 
 Mowing is usually practiced in non-crop areas, lawns, and gardens, but it can 
also prove useful in removing weeds from rows of certain established crops. 
Common mowing tools and implements are sickle, sword, scythe, machete, lawn 
mower, and reciprocating type rotary-bar mower. Mowing is effective against only 
erect, herbaceous type of weeds. It is preferred over tillage control of weeds on land 
susceptible to erosion since it does not produce any bare land. 
  
     (ii) Cutting: In variance with mowing, cutting is topping of the weeds above the 
ground level. It is most commonly practiced against brushes and trees with the help 
of axes and saws. In aquatics, under-water weed cutters are used to cut weeds up to 
1 m below the water surface. Both cutting and mowing are short-lived in their effects; 
the topped weeds re-grow soon from their crown region and underground buds. 
Therefore, these operations must be repeated often to keep the weeds and grasses 
low. 

 
(4) Dredging and Chaining: These two physical control methods are used against 
aquatic weeds growing in shallow ditches. Dredging constitutes mechanical pulling of 
weeds with their shallow roots and rhizomes covered in mud. In chaining, on the 
other hand, a very heavy chain is pulled over the bottom of the ditch with the help of 
two tractors, one moving on either bank of the ditch. The chain fragments the rooted 
weeds by its rubbing action, and the weed fragments float to the water surface. From 
here these can be collected down the stream by nets and hooks. 
 
(5) Soil Solarisation:- 
  Soil solarisation, also called solar soil heating, is another method of 
utilizing solar energy for the desiccation of weeds in fallow fields during the hot 
summer months. It differs from hot weather tillage control of weeds described earlier 
in two major aspects (i) It is effective mainly against weeds from seeds. (ii) It usually 
does not involve any tillage of the field. 
 
(C) Herbicidal control of weeds 
        

Herbicides are chemicals capable of killing or inhibiting the growth of plants. 
In the last 40 years or so, man has greatly improved upon his weeding efficiency by 
supplementing the conventional weeding methods with herbicides. It has saved 
farmers of undue, repeated inter-cultivations and hoeing, and has helped him in 
obtaining satisfactory weed control where physical methods often fail. 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 
structures, (b) mobility within plants, (c) selectivity, (d) fate in soils, and (e) response 
to environment   
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Benefits of Herbicides:  
 
1. In monsoon season incessant rainfall may make physical weeding infeasible. 

Herbicides can be used to ensure freedom of crops from weeds under such a 
condition. Also, during the early crop growth period when many fields need 
weeding simultaneously, even in labour-rich countries like India, Pakistan, 
Bangladeshi Nepal, Nigeria, and Sudan, there is certainly a weeding bottleneck 
in crop production. The soil applied herbicides can be of great help in these 
regions in boosting crop production.  

2.    Herbicides can be employed to control weeds as they emerge from the soil to 
eliminate weed- crop interference even at a very early stage of crop growth. But 
by physical methods weeds are removed after they have offered considerable 
competition to the crops, and rarely at the critical time. Thus, herbicides provide 
benefits of timely weed control.  

3.   Herbicides can kill many weeds that survive by mimicry, for example, wildoat 
(Avena spp.) in wheat and barnyard grass (Echinochloa spp.) in rice. Weeds 
that resemble crop plants usually escape physical weeding.  

4.   Herbicidal control does not dictate strict row spacing. In physical weed control, 
on the other hand the crop rows have to be sufficiently wide to accommodate 
weeding implements, else hand weeding and hand-pulling of weeds has to be 
resorted to.  

5.  Herbicides bring about longer lasting control of perennial weeds and brushes 
than is possible with any physical control method. Many modern herbicides can 
translocate considerably deep in the underground system of weeds and 
damage them.  

6.  Herbicides are convenient to use on spiny weeds which cannot be reached 
manually.  

7. Herbicides are safe on erodable lands where tillage may accelerate soil and 
water erosion. Excessive tillage, in any case, spoils soil structure, reduces 
organic matter content, and depletes moisture status of the soil.  

8. Herbicides kill weeds in situ without permitting their dissemination. Tillage on 
the other hand, may fragment the vegetative propagules of the weeds and drag 
them to new sites.  

9. Herbicide sprays easily reach the weeds growing in obstructed situations, such 
as utility-rights-of-way, under fruit trees, and on undulating lands.  

 
Some other benefits of using herbicides include (a) fewer labour problems, (b) 

greater possibility of farm mechanization, (c) easier crop harvesting and (d) lower 
cost of farm produce. In dry land agriculture, effective herbicidal control ensures 
higher water use by crops and less crop failures due to drought.  
 
Limitations of Herbicides:  

 
Like any other method of weed control, herbicides have their own limitations. 

But with proper precautions these limitations can be overcome, markedly. Important 
limitations in the use of herbicides are as follows.  
1. In herbicidal control there is no automatic signal to stop a farmer who- may be 

applying the chemical inaccurately till he sees the results in the crops sprayed 
or in the rotation crops that follow.  
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2. Even when herbicides are applied accurately, these may interact with 
environment to produce unintended results. Herbicide drifts, wash-off, and 
runoff can cause considerable damage to the neighboring crops, leading to 
unwarranted quarrels.  

3. Depending upon the diversity in faming, a variety of herbicides must be 
stocked on a farm to control weeds in different fields. On the contrary, for 
physical control of weeds a farmer has to possess only one or two kinds of 
weeding implements for his entire farm. 

4. Above all, herbicidal control requires considerable skill on the part of  the 
 user. He must be able to identify his weeds and possess  considerable 
 knowledge about herbicides and their proper usages.  Sometimes, an error in 
 the use of herbicides can be very costly. 
5. In herbicide treated soils, usually crop failures cannot be made up by 
 planting a different crop of choice. The selection of the replacement 
 crop has to be based on its tolerance to the herbicide already applied. 
6. Military use of herbicides is the greatest misfortune of their discovery. In 
 Vietnam, 2, 4, D and 2, 4, 5-T, for example, was used for defoliating 
 forests and crops, leading to miseries to the innocent  civilians. In future, the 
 chemical warfare with residual herbicides may  be even more devastating, 
 which must be avoided at all costs. 
 
(D)      BIOLOGICAL CONTROL OF WEEDS 
 
Definition: - The biological control of weeds involves the use of living organisms. 
Such as insect, herbivorous fish, other animals, disease organisms, and competitive 
plants to limit their infestations.  

An important aspect of biological weed control is that at a time, it is applicable 
to the control of only one major weed species that has spread widely. With perennial 
weeds the main objective of bio-control is the destruction of the existing vegetation, 
in the case of annual weeds prevention of their seed production is generally more 
important. 
 
Criteria of Successful Bio agent:- 
 A successful bio agent is (i) host specific, (ii) adjustable to the new 
environment, (iii) rapid destroyer of the target weed, (iv) easy to multiply, and (v) 
effective on several texa of the weed in question. 
 
(i) Host Specificity: - Bio control agents recommended for weed control should 
be host-specific, i.e. they should not attack other plant species, particularly the 
economic ones. The bio-agents released so far (chiefly insects) had successfully 
passed the ‘starvation tests’ before they left the laboratories for field use. They were 
found to prefer to starve to death rather than feed upon plant species other than the 
target weed. Starvation test is a good safeguard against an introduced bio-agent 
becoming a pest on some economic crop plant. 
  
(ii) Bio agent Hardiness: It is important that a classical bio agent withstands 
elements of its new environment in which it is transplanted. This includes freedom 
from its own parasites and predators. Further, the bio agent should be hardly enough 
to survive short and long periods of food shortage when the target weed population 
is brought to a low level. 
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(iii) Feeding Habit: Great stress has been placed on the selection of insects as 
bio agents that attack both the flowers and seeds of the weed or bore into their 
stems. Insect bio agents with such feeding habits have been found more host 
specific and efficient in controlling weeds than the leaf or root feeder. But lately 
certain leaf eating insects have been found equally valuable in the control of weeds, 
particularly of the perennials. Likewise, insects that attack roots are likely to be very 
effective on perennial weeds but insufficient attention has been paid to them. In any 
case, the destructive capacity of a bio agent on the weed should be very high so that 
its small population could destroy large weed infestations. 
 
(iv) Ease of Multiplication: High rate and ease of natural reproduction of bio 
agent is important in insects, pathogens, snails, and competitive plants. But it is very 
much unwanted in the case of carp employed for aquatic weed control because their 
excessive population may compete with cultivated fish.  
 
(v) Effective on several taxa of the weeds: The bioagent should be effective on 
several taxa of weeds 
 
Kinds of Classical Bio agents: - Four kinds of bio agents have thus far been 
successfully used for controlling weeds, both terrestrial and aquatic. These are (i) 
insects, (ii) carpfish, (iii) fungi, and (iv) competitive plants.  
 
(i) Insects: Insects have been more frequently used than other animals for the 
biological control of weeds. The first successful example of weed control with 
deliberately introduced insects was reported from Hawaii in 1902 when a project for 
the control of Lantana camara L. was initiated with a moth, Crocidosema lantana 
Busck. Since then insects belonging to widely different families and genera have 
been employed to control some other noxious weed species. 
 Insects selected as bio control agents of weeds are largely host specific i.e. 
one insect species is employed to destroy only one weed species.  
 
(ii) Carp-fish: Certain fresh water carp-fish consume large quantities of aquatic 
weeds and they are very suitable for relieving waterbodies of their massive growth of 
noxious, aquatic vegetation. Unlike insect bio agents, the herbivorous fish are not 
much food-specific. They feed upon a wide range of plants and, therefore, they 
control a variety of aquatic weeds, simultaneously. This food habit of grass carp may 
be undesirable in water bodies having some plants of economic value, like water 
chestnut (Trapanatans) and lotus (Nelumbo spp.) which, of course, are also classed 
as weeds in most situations.  
 
(iii) Plant Pathogens: Many fungi are observed to attack specific weed species, but 
examples of successful, practical weed control with fungi are few. Of late, it has been 
discovered that Acacia glauca could be controlled successfully by injecting a 
suspension of spores of Cephalosporium zonatum Sawada.  
 
(iv) Competitive Plants: Certain plants may be highly competitive in nature; capable 
of suppressing some specific weeds without causing any meaningful hindrance to 
our interests. 
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Outstanding Examples of Classical Bio-control of Weeds:- 
 
(i) Lantana (Lantana camara L.): Lantana was the first weed controlled successfully 
with certain insect bioagents in Hawaii. This bushy weed is a native of Central and 
North America. In Hawaii it had invaded such large area of rangelands that it was 
causing great concern. Of these, Crocidosema lantana Busck, a moth, was found 
prominent in destroying flowers and seeds of lantana, which formed the chief organ 
for dispersal this weed. The insect greatly curtailed the spread of lantana and 
thinned its existing infestations. Fifty years later, the entomologists in Hawaii made 
further attempts to find and introduce new insect species to destroy lantana; this time 
from areas other than the native land of the weed. They found seven more insects 
feeding on lantana. Of these, Hypena jussalis Guenoe was an excellent feeder of 
lantana leaves. It defoliated all sizes of lantana plants rapidly. Since then many other 
insects have been screened for the destruction of lantana in Hawaii, and the weed 
has been brought under control on her different islands. 
 
(ii) Prickly pear (Opuntia spp.): In Australia, biocontrol of Opuntia inermis with a 
moth, Cactoblastis cactorum (Berg) transformed 24 million ha land from wilderness 
to a scene of prosperous endeavour. At the present, in Australia only occasional 
plants and few larger patches of pricklypear can be found. The recovered land has 
returned to useful agriculture there. In TamilNadu and Maharastra (India), 40,000 ha 
of land infested with Opuntia dillenii was recovered from the weed by releasing 
Dactyloplius tomentosus Auct. (D. ceylonicus Green) ‘cichineal scale insect’ as its 
bioagent.  
 
(iii) Alligator weed (Alternathera philoxeroides): Alligatorweed is a very prolific, 
aquatic plant of the tropics and sub-tropics. In Florida, (U.S.A.) it has been very 
effectively controlled with fleabeetle (Agasicles hygrophyla Selman Vogt) and several 
bayous have been cleared of this weed there. The fleabeetle larvae feed on the 
leaves of alligator weed and finally bore into its bare stems to pupate.  
 
(iv) Water hyacinth (Eichhornia crassipes): Water hyacinth, a world-wide aquatic 
weed, infests transplanted paddy fields in many countries, including India. Several 
attempts have been made on the biological control of this weed; both by pathogens 
and insects. Most success in this respect has been met in Florida (USA) with a 
hyacinthmoth, Sameodes albiguttalis B. Benner, which is a native of South America. 
The bioagent exhibits its rapid reproduction ability in field conditions. Its larvae feed 
upon young leaves and apical buds of water hyacinth, rather severly. 
 
(v) Salvinia (Salvinia molessta): In Kerala (India), fresh water courses and paddy 
fields have been cleared of this noxious fern, using culionid beetle (Cytrobagous 
salviniae Sands) as a very effective bioagent. The beetleis is native of South 
America. It is released in water ways by collecting some beetle-infested Salvinia 
plants from either the beetle rearing ponds or some old infestations, and scattering 
these on the target, salvinia infestations. It takes 4-6 months for the salvinia mats to 
turn yellow, and another six months to sink, completely. The young larvae of the 
beetle damage the terminal buds, rhizomes, and petioles of salvinia. The biological 
control of salvinia has made lives of over 5 million people in Kerala more comfortable 
than before. 
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BIOHERBICIDE PHILOSOPHY OF WEED CONTROL:- 
 

Bioherbicides are pathogens cultured artificially and made available in 
sprayable formulations; just like a chemical herbicide. The pathogen selected for the 
purpose is usually from the native place of the weed, but it could also be from other 
places. The bio-herbicides are also sometimes called myco-herbicides. A myco-
herbicides can be both, specific and non-specific.  
 
Some Commercial Myco-herbicides in use Abroad. 

 

Product Content Weed controlled 

De-Vine A liquid suspension of fungal 
spores of Phytophthora palmivora 
Butler. It causes root rot in the 
weed. 

Stranglevine (Morrenia odorata) 
in citrus orchards.  

Collego Wettable powder containing fungal 
spores of Colletotrichum 
gloesporiodes Penzig and Sacc. 
Sub sp. Aeschynomone 

Jointvetch (Aeschynomone sp.) 
in rice fields. The bioherbicide 
causes stem and leaf blight in 
the weed. 

Bipolaris A suspension of fungal spores of 
Bipolaris sorghicola. 

Johnsongrass (Sorghum 
halepense) 

Biolophos A microbial toxin produced as 
fermentation product of 
Streptomyces hygroscopicus 

Non-specific, general vegetation 

 
 
 (E) CROP BREEDING FOR WEED CONTROL  

 
Plant breeders, thus far, have engaged themselves in evolving crop varieties 

tolerant to specific pathogens, insects, nematodes, and even birds. But hardly any 
attempt has been made to breed crop plants tolerant to competition from weeds. In 
recent years attention of a group of Asian and African plant breeders has been 
drawn towards breeding millet varieties tolerant to Striga sp.  
 
(F) NON-LIVING MULCHES  

 
Mulching stunts or kills the weeds by cutting light to them. Straw, hay, dry 

sugarcane leaves, farmyard manure, rice hull, saw dust, and bark dust are natural, 
partial mulch materials, which can at best stunt the weed growth. Even when these 
are spread in thickness of 6 to 12 cm, the perennial weeds grow through them easily. 
Also, the natural mulches tend to harbour insect pests and disease organisms and 
obstruct farm operations. Synthetic mulches, namely black paper or Polythene film 
mulches provide stronger mechanical barriers to all kinds of germinating weeds. 
Black, plastic-coated, craft paper mulches are now preferred on newly- prepared 
fields to suppress weeds. These are made in rolls of different widths which can be 
spread on the seedbeds and then crop seedlings can be transplanted through holes 
made into them. Presently mulching with synthetic materials is costly, so its 
economic use is limited to certain high value vegetables and ornamentals.  
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(G) BURNING AND FLAMING  
 

Burning is the cheapest method of eliminating mature, unwanted vegetation 
from rangelands and non-crop situations like roadsides and ditch banks in dry 
seasons. Weed seeds that have al- ready shattered on the ground before flaming will 
not be killed by it. Burning is limited in its value because it is a potential source of fire 
hazard. In variance with it, flaming is a momentary exposure of green weeds to as 
high as 1000o C temperature from flame throwers. Flaming kills plants by coagulating 
their cell protoplasm. In some western countries, flaming is used for selective control 
of inter-row weeds in onion, soybean, grain sorghum, castor bean, cotton, sesame, 
and certain fruit orchards. For selective weed control, flaming must be done when 
weeds are in their seedling stage and the crop plants are well established. The flame 
should be directed towards the weeds under hood covers.  

 
Flaming has proved useful in destroying dodder-infested crops of Lucerne. In 

grasslands, woody shrubs and patches of perennial weeds can be destroyed by spot 
flaming. Flaming is also helpful in weeding farm ditches and many other difficult non-
crop situations. It is believed that repeated light applications of flame to plant shoots 
can destroy even roots of the perennial weeds. The process is called searing. 
 
 
Integrated weed management 
 
 Weed management differs from weed control or weed eradication wherein 
weeds are kept under check at a level that they do not cause economic loss from the 
crop. Instead of depending on one method of control, say herbicide or mechanical 
methods, integration of different methods like sanitation, mechanical methods, 
biological means and use of herbicides at a lower level keeps the weeds under 
check at an economic cost. This approach is gaining importance as herbicides at 
higher levels cause hazards and the labour availability becomes limiting and at times 
weather conditions do not permit soil manipulation. 
 

 
***
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CHAPTER--66  

  
Classification and methods of application of herbicides 

 
  Herbicide classification 
 
 (A) Selective and Non Selective Herbicides 
 
Selective: - A selective herbicide is one that will kill some plant species when 
applied to a mixed plant population without causing serious injury to other species. 
e.g. 2, 4, D, Atrazine etc. 
 
 It is used in crop areas, loans, gardens and grasslands. Certain selective 
herbicides when applied at higher rates act as non-selective plant killers, for 
instance, simazine and duran. Today the field of selective herbicidal control has 
reached such as advanced stage when a weed of grass family can be controlled in a 
crop of the same family, for instance, Avena fatua ‘wildoat’ in wheat. Besides such 
occasional inherent selectivity among herbicides, man has been able purposefully 
induce selectivity in some herbicides to specific crops by modifying their mode of 
application. 
 
Non- Selective :- A non- selective herbicide is one that kills plant without regard to 
species for example, paraquat, glyphosat, sodium chlorate etc. these herbicides are 
employed for general vegetation control on industrial sites, fallow land and in 
aquatics. 
 
(B) Narrow Spectrum and Broad Spectrum Herbicides 
 
Narrow Spectrum: - The narrow spectrum herbicides prove active on one or a very 
limited number of plant species. Most of other plants remain tolerant to such 
herbicides. These herbicides are very useful against specific noxious weeds like 
Avena and Phalaris spp. Metoxuron, difenzoquat and diclofop are very successful 
examples of narrow spectrum herbicides. A limitation of narrow spectrum herbicides 
is the need to employ several herbicides to control different weed species. This may 
contribute to environmental pollution. 
 
Broad Spectrum Herbicides: - These herbicides control a wide spectrum of weed 
flora. Most of our herbicides today belonging to this group of herbicides. 
 
(C) Soil Active and Foliage Active Herbicides 
 
Soil Active: - It is applied primarily to the soil rather than to the vegetation. Inside 
soil it kills weeds as they germinate or inhibits sprouting of their rhizomes, stolons 
and tubers. Therefore, in crop fields a soil-active herbicide eliminates early weed-
crop competition for the period it remains active in soil. This period is usually 4 to 8 
weeks, depending upon the herbicide and its rate used. These herbicides are largely 
applied at the time of planting of crops, but in some cases these may also be applied 
to the weed-free inter-rows of established crops to obtain extended weed control e. 
g. Simazine, Alachlor, Trifluralin and EPTC. On non-cropland, the soil-active 
herbicides used are largely sterilent and fumigant. 
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Foliage Active: - These herbicides are applied to weeds after their emergence from 
soil. They are absorbed by plant foliage and in many cases these are translocated to 
other plant parts. At normal rates the foliage active herbicides are most effective 
against young weeds in their seedling stage but at high rates these may kill even the 
established weeds. e.g. Paraquat, Amitrol. There may be some herbicides that are 
both soil and foliage active e. g. 2, 4, D, Atrazine and Picloram. 
 
Soil-Active Herbicides are more popular – Why? 

i) It controls weeds even before they germinate, thus eliminating early 
period weed competition. 

ii) They maintain weed control for considerable period after 
application. 

iii) It provides better selectivity to the treated crops. 
 

(D) Contact and Translocated Herbicides: - 
 
 It kills pants primarily by contact with plant tissue rather than as a result of 
translocation. Thus a contact herbicides applied to the foliage of a plant will not kill its 
roots, though in simple annuals the roots of treated plants may die because they are 
deprived of their shoots. The established weeds will regrow from their crown buds, 
roots or rhizomes, shortly after treatment with contact herbicides. e.g. Paraquat, 
Diquat, Propanil and Petroleum oils. 
 
Translocated: -   These herbicides move within the plant from the point of treatment 
to other plant parts. It kills the entire plant even if only a portion of the plant was 
treated with the herbicides. Therefore, trans located types of herbicides are of 
particular importance in controlling the perennial weeds. Also, the trans located 
herbicides can be applied in low volume sprays to control annual weeds because 
they need to wet only a portion of the plant foliage against contact herbicides which 
must drench the weeds fully for their effective kill. 
 
 Some herbicides may exhibit both contact and translocation properties. e. g. 
Atrazine is Tranlocated herbicides when absorbed from soil but contact herbicides 
when sprayed on plant shoots. 
 
(E) Residual and Non- Residual Herbicides: - 
 
 Residual: - Residual herbicides maintain their phytotoxic effects in soil for a 
considerable time after their application. This period may be 3 to 4 weeks in some 
herbicides, such as 2, 4, D and EPTC and much longer up to several months in 
others. In intensive crop rotations usually herbicides with 3 to 6 weeks of residual 
activity in soils are used. 
 
Non-Residual: - These herbicides are inactivated in soil immediately or within a few 
days after they reach the soil. e.g. Paraquat, Glyphosate, Diquat, Amitrol and weed 
oil. These herbicides are good for a quick knock down of the existing weeds, they do 
not provide any extended period of weed control. In agriculture, their chief 
importance lies in destroying weed infestation occurring either before planting or 
before germination of the crops. 
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(F) Soil Sterilants and Fumigants 
 
Soil Sterilant: - A soil sterilant type of herbicides will prevent the growth of plants 
when present in soil. Their soil sterilizing effects may be either temporary or 
relatively permanent. Temporary soil sterilants sterilize the soil for up to 16 weeks 
whereas the permanent ones remain active for a much longer period, sometimes for 
two or more years. Temporary soil sterilants are usually volatile compounds which 
leave the soil in vapour form after a few days to a few weeks of its application. 
During this period these are supposed to have killing all live plant parts in the soil. 
Such sterilants are also called soil fumigants.  e. g. MB, Methan and Dazomet. 
Permanent soil sterilants on the other hand find their chief use in causing bare 
ground in industrial and other non-crop areas for one or more season. Sodium 
chlorate, substituted ureas, several symmetrical triazines, arsenics and borates are 
major permanent soil sterilants in use currently. 
 
Methods of Application of Herbicides  
 
(A) Methods of application of soil Active Herbicides 
 
Surface Application: -   Herbicides are applied to the surface of the soil where they 
may be either left undisturbed or incorporated into the soil physically. Even though 
left on the soil surface the applied herbicide should be able to move into upper 3.5 to 
4 cm of soil under the influence of rain or irrigation water to kill the germinating 
weeds e.g.  triazine and anilide. Sometimes herbicides are incorporated into the soil 
because  

a) In dry weather the triazine herbicides perform better when these are 
mixed lightly with the treated soil. 

b) To prevent rapid volatilization and/or photodecomposition losses. e.g. 
Carbamate and toluidine herbicides are typical preplant herbicides. 

  
Sub Surface Layering: - Application of herbicides in a concentrated band about 7-
10 cm below the soil surface. The technique has proved effective in controlling 
certain perennial weeds with conventionally soil incorporated herbicides employed to 
control annual weeds. Cyperus rotandus can be effectively controlled by carbamate. 

 
Broadcast versus band application:-  
 Broadcast: - application of herbicides over an entire area. 

Band: - application of herbicides to restricted area along a crop row.  
 

Soil fumigant application methods:- 
 It can be applied either 

1) by soil injection (chloropicrin) 
2) by releasing under sealed plastic covers (MB) 
3) by soil surface application (Methan) 
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(B) Methods of Application of Foliage – Active Herbicides 
 
(i)Blanket application (or Cover the top):- Application of herbicides uniformly to 
standing crops with disregard to the location of the plants. Highly selective herbicides 
are applied e.g. 2, 4, D in wheat. 
 
(ii) Directed Spraying: - Application of herbicides to chiefly weeds growing in the 
inter-rows of crops-avoiding the crop foliage as much as possible. One important 
prerequisite of directed spraying is that farmer must get his row crops well up over 
the weeds at the time of treatment. Usually, directed spraying is adopted with 
herbicides that are only partially selective to the treated crops. 
 
(iii) Protected Spraying: - Non-selective and non residual type of herbicides can be 
employed to obtain selective weed control in distantly planted vegetables and 
ornamentals by covering the non-target plants with plastic or metallic covers. 
 
(iv) Spot application: - Application of herbicides to small patches of weeds, leaving 
the weed-free gaps untreated. This is used for the control of noxious weeds. 
 
(C) Method of treating brush and trees. :- 
 
(i) Foliage treatment:-  
 The treatment is best done when the brush leaves are fully expanded but still 
growing actively. Ground sprayers can cover up to 2.5m high brush. On taller trees 
and brush, aerial spraying is needed. 
 
(ii) Basal Bark treatment:-  
 A better method in dealing with tall brushes is to treat their basal 30 cm of 
stem, preferably after peeling off their bark, to the point of liberal run-off. 
 Sometimes, more hard-to-kill brush can be first foliage treated and then 
retreated by the basal bark method. 
 
(iii) Cut-Stump Treatment :- 

 It comprises sawing of the tree above the ground and rich application of 
herbicide on the cut surface. 
 
(iv) Frill, Notch and injection:-  
 The frills and notches are made with sharp tools into the sapwood at 
convenient stem height and filled with herbicides. Herbicides injections are made into 
holes made in the tree trunk. Usually one herbicides injection per 2.5 cm stem 
thickness is adequate. The frill, notch and injection methods are adopted on thick 
stem trees, 8 cm or more in diameter. 
 
(D) Other methods of Herbicides Application:- 
 
(i) D.C.A. (Direct Contact Application):- It includes all techniques involving wiping, 
rubbing and smearing of herbicide onto the target plant surfaces. It may be achieved 
by using ‘Herbicides Wax Bars’, ‘herbicides cloth mulch’, ‘roughing gloves’ or a ‘hand 
brush’. The herbicides – laden wax bars dragged against weeds growing much taller 
to the crop plants, herbicides cloth mulches are placed in the crop inter-rows. 
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(ii) Soil Injection: - Herbicides like ethylene, carbon bisulphide and vernolate are 
applied by soil injections at prescribed spacing before planting of crops. 
 
Types of Herbicides Treatments (Time of Application) 
 
(i) Pre-plant treatment: - An herbicides treatment made any time before the crop is 
planted. Two types-namely 
 
(a) Pre-plant Desiccation: - Herbicides are applied to destroy existing  vegetation 
as an aid to seed-bed preparation. 
 
(b) Pre-plant Incorporation: - Herbicides are mixed with weed-free seed-beds  to 
obtain residual control of weeds during the crop season. 
 
(ii) Pre-emergence treatment: - Application of herbicides soon after planting of a 
crop is called Pre emergence treatment. Sometimes, it is further specified as pre-
emergence to weeds when it may be applied to standing weed-free crop rows. A 
fine clod free soil tilth is the first requirement of a successful pre-emergence 
treatment. Besides, there must be adequate moisture in the soil to seep the 
herbicides 2-3 cm deep. 
 
(iii) Pos-emergence Treatment: - Application of herbicides after the emergence of 
crop as well as the weeds. But when the weeds grow before the crop plants have 
emerged through the soil and these are knocked with a herbicides, the treatment is 
called early post-emergence treatment. Herbicides used for the early post-
emergence treatment are usually non-residual type’s e. g. Praquat and Diquat. 
 
(iv) Lay-By application: - It is the application of herbicides after the last cultivation 
in crops, e. g. after ridging in sugarcane and cotton. 
 
 

***
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CHAPTER--  77  
 

Use of adjuvants in herbicides 
 
ADJUVANTS 
  An adjuvant is a chemical added to a pesticide formulation or tank mix to 
improve mixing and application or enhance performance. With judicious use of 
adjuvants, the effectiveness of the pesticide compound may be increased as much 
as 5 or 10 fold. Most pesticide formulations contain at least a small percentage of 
adjuvants. Wetting agents and spreaders are the adjuvants most frequently added 
by pesticide users. A small number of products, however, require avoiding adjuvants 
altogether. One should read the pesticide label before adding any surfactant to the 
spray mixture. Common adjuvants and their functions are as follows: 
 
Wettings agents: It allows wettable powders to mix with water. 
 
Emulsifiers: It allows petroleum-based pesticides (ECs) to mix with water. 
 
Invert emulsifiers: It allows water-based pesticides to mix with petroleum carrier.  
 
Spreaders: It allows pesticide to form a uniform coating layer over the treated 
surface. 
 
Stickers: It allows pesticide to stay on the treated surface. 
 
Penetrants: It allows pesticide to get through the outer surface to the inside of the 
treated area. 
 
Foaming agents: It reduces drift. 
 
Thickeners: It reduces drift by increasing droplet size and reducing volume of spray 
contained in drift-prone droplets. 
 
Safeners: It reduces the toxicity of a pesticide formulation to the pesticide handler or 
to the treated surface. 
Compatibility agents: It aids in combining pesticides effectively. 
 
Buffers: It allows mixing of pesticides of different acidity or alkalinity. 
 
Antifoaming agents: It reduces foaming of spray mixtures that require vigorous 
agitation. 
 
Spray additives 
 
 Adjuvants are often added to spray mixtures to modify or enhance herbicidal 
activity or aid in the spraying operation. Use of adjuvants, other than as formulation 
agents, is primarily restricted to postemergence herbicide applications. Adjuvants 
can be divided into two general categories: spray modifiers and activators. The most 
common type of adjuvants is  
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(1) Activity enhancers, such as surfactants, oils, organosilicanes, and fertilizers,  
(2) Spray modifiers such as stickers and drift control agents, and  
(3) Utility modifiers such as compatibility and antifoam agents. 

  However, not all adjuvants are always beneficial; some may have no effect 
or even decrease the desired effect. Therefore, adjuvants should not be placed in 
the spray mixture unless suggested on the label or recommended by knowledgeable 
authorities. 
 
Activity Enhancers 
 Surfactants derive their name from the term surface-active agents. Most 
surfactant molecules are composed of a lipophilic long-chain hydrocarbon (alkyl) 
group and a hydrophilic polar group. Surfactants are generally classified according to 
the nature of the polar segment of the molecule. Among the types of surfactants are 

1. Cationic (positive charge),  
2. Anionic (negative charge)  
3. zwitterionic (having both a positive and a negative charge, depending on the 

water pH), and  
4. Nonionic (no charge). 
 
 Nonionic surfactants dissociate little in water, whereas the others are charged 

when dissolved in water. Because adjuvants contain both lipophilic (oil-like) and 
hydrophilic (waterlike) properties, they can interact with the lipophilic plant surfaces, 
lipophilic herbicides, hydrophilic herbicides, and water. The most common 
surfactants for use with herbicides are nonionic, and most emulsifiers are blends of 
anionic and nonionic types. In general, a blend with a high proportion of the anionic 
types will improve performance in cold water and soft water, whereas a blend with a 
predominance of nonionic types will usually perform better in warm water and hard 
water. 
 At low to normal spray volumes, adjuvants usually increase the effectiveness 
of herbicidal sprays by increasing the coverage of the plant surface; herbicide 
absorption is thereby also increased. However, at high spray volumes adjuvants may 
decrease effectiveness by causing excessive “runoff” from the plant onto the ground. 
Herbicidal selectivity may be lost by the addition of an adjuvant if the desired 
selectivity among species depends on differential wetting and thus absorption. 
 
Spray Modifiers 
 Spray modifiers, such as stickers, increase the adhesion of spray solutions to 
treated plant surfaces and are often used in conjunction with wetting agents (referred 
to as spreader-stickers). Film-forming vegetable gels, emulsifiable resins, 
emulsifiable mineral oils, waxes, and water-soluble polymers have been used as 
stickers. 
 Drift control agents are materials that thicken the spray solution and thereby 
increase droplet size and reduce the number of very small satellite droplets. These 
materials include swellable polymers and hydroxyethyl cellulose or polysaccharide 
gums and are used at concentrations of 0.1 to 1.0% of the volume. Invert emulsions 
are also used to reduce spray drift. 
 Drift control agents are of great value when herbicide applications are made 
near sensitive nontarget plants, even though they increase application costs. The 
appropriate spray equipment and operating conditions must be used with these 
thickened solutions. 
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Utility Modifiers 
 Utility modifiers are adjuvants that are used to reduce or avoid application 
problems and/or increase the usefulness of a formulation. Emulsifiers and other 
surfactants of herbicide formulations can cause foaming with agitation of the spray 
mixture. Thus, antifoam agents are used to prevent or reduce excessive foaming in 
the spray tank. Antifoam agents are typically silicones and are used at 0.1% by 
volume. Kerosene or diesel fuel added to the spray tank at the same rate can often 
inhibit foaming. 
 Compatibility agents are used to help with mixing and/or application problems 
that may occur when a combination of pesticides is used. They can also be used 
when herbicides and applied in combination with a suspension, slurry, or true 
solution of fertilizers. Compatibility agents can counter separation problems that 
occur with hard or cold water. 
 
 

***
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CHAPTER--  88  
 

Selectivity of herbicides 
 
 Plant species often respond differently to different herbicides, one species 
responds differently to different herbicides and the plants of one species but in 
different areas respond differently to same herbicide. This phenomenon is called 
herbicidal selectivity. 
 
 The fundamental principles of herbicide selectivity is that more toxicant 
reaches the site of action in active form inside target plants than in the non-target 
species. This may occur due to:  
1) Differential absorption 
2) Differential translocation 
3) Differential deactivation of the applied herbicide. 
 
 Besides, some plants may exhibit innate protoplasmic resistance to specific 
herbicides. 
 
(1) Differential Absorption of Herbicides:  
 It may occur due to 
 
a) Differences in morphology of plants:- 
 
 Certain morphology features of crop plants will allow limited retention of 
aqueous sprays of herbicides on their foliage. This offers an opportunity to obtain 
selective control of weed species of variable morphology that may allow easy leaf 
wetting with the aqueous sprays. Important limited spray retention characteristics 
found in certain plants are  
 
      (i)   Narrow upright leaves  

(ii)  Corrugated or finely ridged leaf surfaces  
(iii)  Waxy leaf surfaces and  
(iv)  Pubescent leaves. 

 
 Aqueous sprays either bounce off as droplets from their foliage or wet them 
only in small spots. Crops like wheat and sugarcane are further protected against 
herbicide sprays by their covered growing points. The growing point in wheat plant is 
located at the base and initially below the soil surface while in sugarcane, it is hidden 
by the upper leaf sheaths. 
 The limited spray retention provides plants protection only against contact 
selective herbicides that are sprayed in carrier water without any wetting agent. 
 With translocated herbicides limited spray retention is of not much help in 
protecting the non-target plants from herbicide injury. It is because the translocated 
type of herbicides, even when they wet plant surfaces in small areas, can be 
absorbed and translocated to other plant parts and thus injures the whole plant. 
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(b) Differences in growth Habits of plants:- 
 
i) Shoot growth differences:- 
 
 When crop rows have a clear advantage in height over the inter row weeds 
directed spraying of herbicides is a common method of achieving selective control of 
weeds.  
 In slow germinating crops, like potato and sugarcane weeds often established 
themselves even before crop emergence. These weeds can be controlled selectively 
by spraying a contact type of herbicide before more than 10 % of the crop plants are 
seen over the ground. Before emergence of crops translocated type of herbicides 
can be used. 
 
ii) Root growth difference:- 
 
 In general, weed seeds germinate from top 1.25 to 1.5 cm of soil whereas 
many crop seeds are planted 5 to 7.5 cm deep. When a recommended pre-
emergence herbicide is applied on the soil surface and the soil moisture condition 
are suitable to leach it to about 2.5 to 3.0 cm soil depth, it is readily available for 
absorption to the germinating weeds. Crop plants that grow their roots beyond 5 cm 
depth obviously avoid herbicide absorption and escape phytotoxicity. This is the 
basic principle of selectivity of most of the pre-emergence herbicides and it is a 
function of herbicide structure, formulation and rate besides the soil texture organic 
and inorganic colloids and the rainfall. When any one of these factor is unfavourble 
the herbicide may either injure crop plants or result in poor weed control. Sometimes 
both the adverse effects may occur together when the phenomenon is called 
‘reverse selectivity’. 
 
(c) Use of Adsorbent and Antinodes 
 
i) Adsorbents:-  
 If germinating crop seeds and seedling are surrounded by a layer of activated 
charcoal within the soil; they can be made to escape absorption of many soil applied 
herbicides.  
 In dibbled vegetables activated carbon can be placed over seeds in seed 
holes. Pre-emergence herbicides sprayed later are retained by carbon, thus avoiding 
their absorption by the germinating crop seeds. 
 In recent years seed pellating with activated carbon has been developed. In 
this method carbon is coated over crop seeds using gum or PVA (polyving acetate).  
 
(ii) Safeners (Antinodes):- 
 Safeners are chemicals discovered to antagonize phytotoxicity of specific 
herbicides to specific plant species. Otto L. Hoffman is considered the father of 
safeners. As early as 1948 he observed antagonism of 2, 4-D on tomato plants. By 
1969 he discovered and reported NA (1, 8,-Naphthaline anhydride) as highly 
successful safener of EPTC as butylate in Maize. Later a more maize specific 
safener of EPTC as butylate, namely R-25788 was discovered. It could be applied to 
soil as a tank mix with EPTC without fear of protecting any EPTC susceptible weeds. 
NA being not so specific must be used strictly as a seed-dress only. Its effective 
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dose is 0.5 g/kg seed. The dose of soil applied R-25788 is 0.6 kg/ha. CGA-43089 is 
perhaps the latest safeners.  
 It is likely that NA and possibly other safeners enter the target plants and 
compete there with herbicide molecules for a binding site on some native enzyme. 
Thus for safeners have proved successful only against herbicides that affect cell 
division in one way or the other and not against the photosynthetic inhibiting 
herbicides. 
 
(d) Use of granular formulations:- 
 Development of granular formulations of herbicides is a step forwards 
achieving a general selectivity between established crop plants and associated 
germinating weeds by giving weeds the opportunity of selective absorption of the 
toxicant. The granules filter through the crop foliage, leaving little herbicide for 
absorption by it. They then settle on the moist ground where germinating weeds 
absorb the herbicide released slowing by the granule. An important desirable 
character of herbicides embodies in the granules is their low leachability in soils, else 
the toxicant may move down to the crop roots. 
 
 
(2) Differential translocation of Herbicides 
 It is true that a plant can translocate through it only as much herbicide as it 
absorbs, and no more. But there are instances when equal amounts of herbicides 
are absorbed by plants still they are translocated at different rates. 
 
 Better mobility of herbicides in plants, however, does not always mean a 
quicker plant kill actually, in certain instances it may aid the plant in escaping specific 
herbicide action  for instance, diphenamid is found selective to Convolvulus arvensis 
because this plant translocates the herbicide rapidly from the roots to the shoots 
where it is metabolized. The Avena sativa on the contrary, was found susceptible to 
diphenamid because it failed to translocate diphenamid away from its roots which 
are always the site of phytotoxic action of this herbicide. 
 
(3) Differential rates of deactivation of herbicide by plants 
 Experimental evidence is growing that herbicide selectivity is primarily a 
function of differential rates of deactivation of the toxicant by the target and the non-
target plants before they reach their respective site of action. This deactivation may 
be a process of  
(i) metabolism  
(ii) reverse metabolism or  
(iii) Conjugation. 
 A tolerant plant species deactivates the herbicide molecular rapidly, whereas 
a susceptible species does so slowly. In some instances reverse metabolism may be 
an important venue of herbicide dissipation. 
 
i) Metabolism :- 
 Metabolism involves a change in the molecular structure of the applied 
herbicides inside plants to yield non-phytotoxic products. Ribes nigrum which is 
susceptible to 2,4-D metabolized the herbicide at a rate of 2% of the applied amount 
in 96 hours whereas the tolerant R. sativum metabolized 50% of it during  the same 
period. 
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ii) Reverse metabolism  
 When in metabolic reactions of herbicides the intermediate chemical 
structures prove more phytotoxic than the parent compound, the process is called 
reverse metabolism. Herbicides like 2,4-D and MCPB per se are non-phytotoxic. 
But the metabolism of these compounds in plants yielded phytotoxic acetic acid 
intermediates namely 2,4-D and MCPA, respectively. This reverse metabolism of 2, 
4-D and MCPB is an enzymic B-oxidation process. It occurred in many non 
leguminous plants. Certain legumes like pea lucern berseem and other clovers on 
the other hand either lacked the necessary B-oxidation system or operated it 
sluggishly. Consequently, these legumes proved comparatively tolerant to 2,4-D and 
MCPB. 
 
iii) Conjugation 
 Conjugation is coupling of intact herbicide molecules with some plant cell 
constituent in living plants. Conjugation takes the toxic herbicide concentration out of 
the main stream of plant, and plants capable of rapidly doing so obviously prove 
tolerant to it. 
 
 In plant susceptible to chloramben the conjugation was found to be so slow 
that the herbicide translocated from roots to the shoots where it proved phytotoxic. 
The tolerance of grasses and certain ecotypes of Convolvovulus arvensis to the 
foliar application of 2,4-D has also been explained at least in part on the basis of its 
conjugation with glucose and certain amino acids in these plants. 
 
 Now it is known that simazine and atrazine are also deactivated in maize, 
apple, sugarcane and certain millets by the process of conjugation rather than by 
earlier believed mechanism of metabolism. 
 
(4) DIFFERENTIAL PROTOPLASMIC RESISTANCE 
 
 Plants show tolerance to dalapon withstands pantothenic acid deficiency and 
resist precipitation of their cell proteins. Likewise, plasmalemma of epidermal cells of 
carrot leaves resists the solubilizing action of crop oils much longer than many of the 
associated weeds. Biophysical features of plant cells such as protoplasmic viscocity, 
streaming and physical coninuty also respond differently to variable herbicides 
structures. 
 
(5) MULTIFACTOR HERBICIDE SELECTIVITY IN PLANTS 
 Wheat is tolerant to post-emergent ioxynil and bromoxynil because of three 
concurrent selectivity mechanics, namely  

(i) limited spray retention  
(ii) slow translocation or 
(iii) rapid herbicides metabolism. 

 
 Distribution of herbicides molecules within plants can also be an important 
factor in selectivity. Perfluidone and Pichloram for instance accumulated at the site of 
action in the susceptible plants but in tolerant species there are evenly distributed.  
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 Besides the many inherent plant factor, method of planting of crops may also 
determine herbicide selectivity. The ridge planted potato is found more tolerent to 
pre-emergent 2,4-D than the flat planted crop. 
 
(6) OTHER SELECTIVITY COMPONENTS 
 
i) Rate of herbicide 
 Under rates of herbicides improve their selectivity to crops at the cost of 
satisfactory weed control, while their over rates are most likely to reduce selectivity 
and cause variable crop injury. 
 
ii) Growth stages of Plants 
 2,4-D is selective to winter grains first at their 3 to 6 leaf stage and again at 
the drought stage. At other growth stages 2,4-D may induce in these crops 
malformation like onion leafing and missing spiklets ears. 

 
 

***
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CHAPTER--  99  
 

Compatibility of herbicides with other agro chemicals 
 
 Under the current agricultural production practices, crops receive, in a single 
season, multiple seed treatments, preemergence and post emergence herbicides, 
insecticides, fungicides, nematicides, fertilizers and sometimes plant growth 
regulators. Most of these chemicals, whether applied as mixtures, simultaneously or 
sequentially, may undergo a change in physical and chemical characters which 
could lead to enhancement or reduction in the effect of one or more compounds. A 
normally safe herbicide may become toxic to a crop or an effective product may 
show reduced activity on a weed species. These interactions between chemicals are 
of common occurrence in today’s agriculture. Their significance is more evident 
when the interaction effects are seen much later in the growing season or the 
following season and year due to build up of persistent chemicals or their residues in 
the soil. Application of a pre plant insecticide to soil may prove to be toxic when a 
post emergence herbicide is applied several weeks later. Knowledge of the 
interaction of herbicides with various chemicals will help in formulating and adopting 
a sound and effective weed management programme. It can also help to exploit the 
synergistic and antagonistic interactions between various herbicides to evolve an 
effective and economical eradication of weeds. 

 
INTERACTION RESPONSES 
 Interaction is the term used to express the relationship of one agent against 
the other in a combination. When two or more chemicals accumulate in the plant, 
they may interact and bring out response different from those obtained when they 
are used alone. These responses are generally described as additive response, 
synergistic response (synergism) and antagonistic response (antagonism). 
 
Additive Response: 
 Additive response is the total effect of a combination which is equal to the 
sum of the effects of the two components taken independently 
 
Synergistic Response: 
 In synergistic response, the total effect of a combination is greater or more 
prolonged than the sum of the effects of the two taken independently.   
 
Antagonistic Response: 

In antagonistic response, the total effect of a combination is smaller than the 
most active component applied alone. 

 
PHYSIOLOGICAL BASIS OF HERBICIDE INTERACTION 
 Enhancement or reduction of the activity of a given herbicide on a target plant 
brought about by the prior or simultaneous application of another chemical is the 
result of  changes in the amount of herbicide reaching, or after reaching, the site of 
action in the  active form. In a mixture, one component influences the toxicity of 
another component by interfering with the patterns of its penetration, translocation 
and biotransformation in plants. The physiological mechanisms explaining the 
synergistic, antagonistic and other interactions of herbicides with other 
agrochemicals in higher plants are briefly discussed below. 
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Mechanisms of Synergistic Interaction 
 
 Several classes of agrochemicals including adjuvants, fertilizers, herbicides, 
insecticides, growth regulators and other additives are known to synergize the 
activity of several herbicides on certain plant species. 
 
Mechanisms of Antagonistic Interaction 
 The mechanisms by which chemicals would reduce the activity of a given 
herbicide on a target plant species can be generally classified into four groups. They 
are biochemical antagonism, competitive antagonism, physiological antagonism and 
chemical antagonism. 

 
HERBICIDE-HERBICIDE INTERACTIONS 
  
 Use of two or three-way mixtures is quite common in modern weed 
managements programmes. The synergistic herbicide mixtures offer the following 
immediate and long-term benefits. 
 

1. Provide more effective weed control. 
2. Increase the spectrum of weeds controlled. The most successful 

combinations are those based on the pairing of a grass effective herbicide 
with a broadleaf weed effective herbicide in order to complement the 
phytotoxicity of each other at the physiological level. 

3. Reduce the environmental impact of each herbicide in a mixture. The soil 
receives lower amounts of herbicides, resulting in far less amounts of 
herbicides reaching groundwater. 

4. Improve crop safety (selectivity) as a result of application of reduced rates. 
Allow crops to be planted sooner after herbicide application; because of lower 
initial rates, herbicides will be more rapidly dissipated to non toxic levels. 

5. Cause delay in the evolution of weed resistance to herbicides. 
6. Allow zero or minimum tillage and chemical fallow practices achieve effective 

and economical weed control. 
7. Reduce danger of human toxicity directly and through crop residues because 

of reduced rates of application. 
 
 There are two types of herbicide mixtures:  
a) premixed formulations, made by manufacturers, and  
b) tank mixes made by farmers before application with desired and recommended 
herbicides and rates. 
 The success of a herbicide mixture can be undermined by physical, chemical 
and biological incompatibility. This incompatibility leads to reduced performance of 
the mixture. Physical incompatibility results in the formation of agglomerates, 
crystals, phase separation, or thickening in the herbicide mixture. Thus, 
incompatibility is a frequent contributor to the variability of herbicide performance, 
particularly in the case of tank mixtures. Compatibility charts serve as an excellent 
source of information to help avoid these mixing problems. When making tank 
mixtures of herbicides, their compatibility needs to be tested. This may be done by 
premixing the materials by making slurry of small quantities (equal proportion) before 
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adding to the tank. If required, a compatibility agent, which is non-ionic in nature, 
may be used. 
 Herbicide-herbicide mixtures have been widely used for over 30 years. Scores 
of factory-made premixes have been developed and farm level tank mixture 
recommended during this period to control some of the most problematic weeds in 
agriculture. 

 
HERBICIDE-SAFENER INTERACTIONS 
 
 Herbicide safeners (also referred to as antidotes, protectants, antagonists, or 
modifiers), increase the tolerance level of crop plants to herbicides. As a result, the 
herbicide-safener mixture allows for improved control of weeds. Certain herbicides, 
when applied alone, would either not be sufficiently active on the weeds at lower 
rates, or would cause injury at the higher rates required for satisfactory weed control. 
Safeners help in mitigating the problem by allowing herbicide application at higher 
rates. 
 
HERBICIDE-INSECTICIDE INTERACTIONS 

 
Herbicides and insecticides are often applied simultaneously or serially to 

crops within a short period. These chemicals are usually not harmful when used as 
per recommended practices. The tolerance of plants to a herbicide may be altered in 
the presence of an insecticide and vice versa. 

  
HERBICIDE INTERACTIONS WITH FUNGICIDES AND PATHOGENS 
 
 Unlike herbicide-insecticide interactions, herbicide-fungicide interactions tend 
to be antagonistic. 
 Herbicide-fungicide interactions are not as widespread as herbicide-
insecticide interactions. Herbicides interact with fungicides as well as the disease-
causing organisms. Dinoseb was shown to reduce the severity of stem rot (white 
mould) in groundnut. 
 
HERBICIDE-FERTILIZER INTERACTIONS 

 
 There is growing evidence of herbicide-fertilizer/plant nutrient interactions 
occurring in agriculture. The addition of ammonium nitrate greatly increases the 
absorption of solutions of isooctyl ester of 2,4,5-T by tree leaves. 
 Fertilizers have a significant effect on herbicide absorption. For example, the 
complete fertilizer involving N, P and K reduced atrazine absorption by plants, thus 
reducing phytotoxicity. Atrazine was more toxic in the presence of P and K than in 
the presence of N and P or N and K due to increased absorption of the herbicide by 
plants. Conversely, herbicides also affect the absorption of plant nutrients. 
 
HERBICIDE-ADJUVANT INTERACTIONS 

 
 An adjuvant refers to any substance included in the formulation of a herbicide 
or added to the spray tank to enhance herbicide characteristics or application 
characteristics. Surfactants and phytobland oils are the two types of chemicals 
commonly used as adjuvants in herbicide formulations. Once a herbicide is 
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commercialized, it may not be necessary to use additional adjuvants. However, 
addition of extra surfactants may be needed to improve the herbicide efficacy at low 
rates of several water-soluble herbicides applied to the foliage. The applied adjuvant 
enhances herbicide activity either favourably or unfavourably depending on the 
interaction of herbicide-adjuvant-plant combination. Adjuvants enhance herbicide 
uptake by the plant and its translocation to the site of action. As more herbicide is 
likely to be available for its effect, herbicide-adjuvant interactions are generally 
synergistic. The effects of adjuvants on herbicide activity are the opposite of 
safeners. 

 
HERBICIDE-BIOHERBICIDE INTERACTIONS 
 
 The mixtures of bioherbicides (bioagents) and organic herbicides interact and 
bring out synergistic responses. Synergism has been found for a diverse group of 
herbicides, bioehrbicides and weed hosts. At the same time, mixing herbicides with 
certain bioherbicides may have a detrimental effect on the living microbes. This 
problem can be mitigated if the herbicide and bioagent are applied sequentially. The 
combinations of herbicides and living organisms normally provide additive, 
synergistic and antagonistic effects on weed control.  
 

  
***
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CHAPTER--  1100  

  
Weed management in major field and horticultural crops 

 
1. Weed management in major field crops 
 
  Recommendations for weed control in various crops. 

 

No Crop Herbicide 
Rate 

Kg/ha 

Amoun
t of 

Water 
L/ha 

Quantity 
of 

herbicid
e in 10 
Liter of 
Water 

Time of 
application 
of herbicide 

1 2 3 4 5 6 7 

1 Groundnut 
Kharif 

1. Fluchloralin 
     (Basalin)   

+One IC & HW 
OR 

0.9  
(2.0) 
 -- 
 

500  
 
 -- 
 

18 g 
(40 ml) 
 -- 
 

Pre-plant / 
Pre-emer. 
45-DAS 
 

2. Oxyflourfen 
      (Goal-2E) 
    One IC & HW  

OR 

0.240 
(1.0 l/ha) 
 -- 

500 
 
 -- 

4.8 g 
(20 ml) 
 -- 

Pre-plant / 
Pre-emer. 
45 DAS 

3. Pendimethalin 
    (Stomp)  

1.000 
(3.3 l/ha) 

500 20 g 
(65 ml) 

Pre-eme 
 

Groundnut 
Summer 
 

Oxyfluorfen 
(Goal-2E) 
+ 1 IC & HW  

0.240  
(1.0 l/ha)  

500 
 
 -- 

4.8 g 
(20 ml) 
 -- 

Pre-plant/ 
Pre-eme 
45 DAS 

2 Cotton Pendimethalin 
    (Stomp)    
 + 2 IC & HW 

1.000 
(3.3 l/ha) 

500 20 g 
(65 ml) 

Pre-eme 
 
30&60 DAS 

3 Bajra Atrazine 
(Atrataf) 
+ 2 HW 

0.500 
(1.000) 
 -- 

1000 
  
 -- 

5 g 
(10 g) 
 -- 

Pre-eme 
 
20-40 DAS 

4 Jowar 2,4-D (EE) 
(Agro-weedone) 
+ 1 IC & HW 

0.900 
(2.5 l/ha)  

600 
 
 -- 

15 g 
42 ml 
 -- 

Pre-eme 
 
30-35 DAS 

5 Maize 2,4-D (EE) 
(Agro-weedone) 
+ M.C.P.A. 
 

0.900 
(2.5 l/ha) 
0.600 
(3.0 l/ha) 

600 
 
1000 

15 g  
(42 ml) 
6 g 
(30 ml) 

Pre-eme 
 
30-35 DAS 
post- emer  

6 Soybean 1. Fluchloralin  
    (Basalin) 
    + HW    

OR 

0.900 
(2.0 l/ha)  

500 
 
 -- 

18 g 
(40 ml) 
 -- 

Pre-eme 
 
20-25 DAS 

2. Pendimethalin 
   (Stomp) 
    + HW 

0.750 
(2.5 l/ha)  

500 
 
 -- 

15 g 
(50 ml) 
 -- 

Pre-eme 
 
20-25 DAS 
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1 2 3 4 5 6 7 

7 
 

Tomato 1. Metribuzin 
   (Sencor) 

OR 

0.700 
(1.0 ) 

500 14 g 
(20 g) 

Pre-eme 
 

2. Fluchloralin 
   (Basalin) 

OR 

0.900 
(2.0 l/ha) 

500 18 g 
40 ml 

Pre-eme 
 

8 Red gram 
 

1. Pendimethalin 
    (Stomp) 
    + 1 IC  
     2 HW  

OR 

1.000 
(3.3 l/ha) 
 -- 

500 
 -- 
 -- 
 -- 

20 g 
(65 ml) 
 -- 
 -- 

Pre-eme 
 -- 
60 DAS 
30 & 60 DAS 

2. Fluchloralin 
   (Basalin) 
   + IC & HW 

0.900 
(2.0 l/ha) 

500 
 
 -- 

18 g 
(40 ml) 
 -- 

Pre-eme 
 
30 DAS 

9 Black gram H.W.  --  -- --- 30 DAS 

10 Green gram  Oxydiazon 
(Ronstar) 

1.250 
(5.0 l/ha) 

900 25 g 
(100 ml) 

Pre-eme 
 

11 Castor 2 IC & HW  --  --    -- 3 & 5 WAS 

12 Wheat 
 
 

 

1. Pendimethalin 
(Stomp) 

OR 

1.000 
(3.3 l/ha) 

600 17 g 
(55 ml) 

Pre-eme 
 

2. 2, 4-D (S. S.) 
(Fernoxone) 

 

0.960 
(1.2 ) 

1000 9.6 g 
(12 g) 

30-35 DAS 
post-eme 

13 Onion 1. 2 H.W. 
OR 

 --  --  -- 20 & 40 DAS 

2. Fluchloralin 
   (Basalin) 
   + HW 

OR 

0.900 
(2.0 l/ha) 
 -- 

500 
 
 -- 

18 g 
(40 ml) 
 -- 

Pre-plant 
 
40 DAS 

3. Oxydiazon 
    (Ronstar) 
    + HW 

0.750 
(3.0 l/ha) 
 -- 

500 
 
 -- 

15 g 
(60 ml) 
 -- 

Pre-eme 
 
40 DAS 

14 Garlic 1. Oxydiazon 
    (Ronstar) 
+ HW 

OR 

0.500 
(2.0 l/ha) 
 -- 

500 
 
 -- 

10 g 
(40 ml) 
 -- 

Pre-eme 
 
40 DAS 

2. Oxyflourfen 
   (Goal-2E) 
   + HW 

OR 

0.240 
(1.0 l/ha) 
 -- 

500 
 
 -- 

4.8 g 
20 ml 
 -- 

Pre-eme 
 
40 DAS 

3. 2 HW  --  --  -- 20 & 40 DAS 

15 Cumin Oxydiazon 
(Ronstar) 

1.00 
(4.0 l/ha) 

500 20 g 
(80 ml) 

Pre-eme 
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1 2 3 4 5 6 7 

16 Coriander  1. Fluchloralin 
   (Basalin) 

OR 

0.900 
(2.0 l/ha) 

500 18 g 
(40 ml) 

Pre-eme 
 

2. Oxydiazon 
    (Ronstar) 

0.750 
(3.0 l/ha) 

500 15 g 
(60 ml) 

Pre-eme 
 

17 Isabgul Isoproturom 
(Kanak) 

0.500 
(1.0 l/ha) 

500 10 g 
(20 ml) 

Pre-eme or 
Pre-plant 

18 Gram 1. Fluchloralin 
   (Basalin) 

OR 

0.900 
(2.0 l /ha) 

500 18 g 
(40 ml) 

Pre-eme 
 

2. Pendimethalin 
   (Stomp) 

1.000 
(3.3 l/ha) 

500 20 g 
(65 ml) 

Pre-eme 
 

19 Mustard Fluchloralin 
(Basalin) 

0.900 
(2.0 l/ha) 

500 18 g 
(40 ml) 

Pre-eme 
 

20 Lucerne Fluchloralin 
(Basalin) 

0.900 
(2.0 l/ha) 

500 18 g 
(40 ml) 

Pre-eme 
 

21 Potato 1. Fluchloralin 
   (Basalin) 

OR 

0.900 
(2.0 l/ha) 

500 18 g 
(40 ml) 

Pre-eme 
 

2. Metribuzin 
    (Sencor) 

1.000 
(1.5 ) 

1000 10 g 
15 g 

Pre-eme 

22 Sugarcane Atrazine 
(Atrataf) 
+ 2,4-D SS. 
(Fernoxone) 

2.000 
(4.000) 
1.000 
(1.250) 

500 
 
1000 

40 g 
(80 g) 
20 g 
(25 g) 

Pre-eme 
 
60-70 DAS 

23 Okra 1. Fluchloralin 
   (Basalin) 

   + HW    OR 

0.675 
(1.5 l/ha) 
 -- 

500 
 
 -- 

13.5 g 
(30 ml) 
 -- 

Pre-eme 
 
20-25 DAS 

2. Flurochoridon 
   (Regor) 
   + HW 

0.500 
(2.0 l/ha) 
 -- 

500 
 
 -- 

10 g 
(40 ml) 
 -- 

Pre-eme 
 
20-25 DAS 

24 Doddar Paraquat 
(Gramolxone) 

0.1 %    

25 Bermuda 
grass & 
Nut grass 

Glyphosat 
 
(Glycil/Round up) 

1.5 to 
2.0 kg 
(3.5 to 5.0 
l/ha) 

500 30 g 
 
(70 -100 
ml) 

3 to 4 leaf stage 

26 Rice  1. Butachlor-G 
   (Butachlor) 

1.250 
(2.5) 

500 25 g 
(50 g) 

40 DATP 

2. Benthiocarb 
   (Saturn) 

2.5 
(5.0) 

500 50 g 
(10 g) 

40 DATP 

3. Oxidiazon 
   (Ronstar) 

0.750 
(3.0 l/ha) 

500 
 

15 g 
(60 ml) 

5 DATP 
in standing water 

4. Pendimethalin 
   (Stomp) 

1.250 
(3.75 l/ha) 

500 25 g 
(75 ml) 

Pre-emer. 
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27 Sunflower 1. Oxidiazon 
(Ronstar)   
+ 1 HW 

OR 

0.750 
(3.0 l/ha)  
 

500 
 

15 g 
(60 ml) 

Post-emer. 
40 DAS 
20 DAS 

2. Pendimethalin 
    (Stomp) 
    + 1 HW 

OR 

1.000 
(3.3 l/ha) 

500 20 g 
(60 ml) 

Post-emer. 
40 DAS 
20 DAS 

 
2. Weed management in major horticultural crops 
 
The weed problem 
 Weed control is most essential in fruit tree rings and in continuous 1.5 to 3.0 
m strips down the tree rows. Here the weeds, in addition to competing with the trees, 
interfere with fruit picking, tree pruning, and other horticultural operations. Also, they 
increase damage to the surface tree roots by diseases and rodents. Further, weeds 
in orchards may lead to a more severe frost bite in fruits because of reduced 
radiation from the soil. Ultimately, the fruit trees may be crowded out by the weeds. 
Densely planted tall trees may smother weeds but they are no more acceptable in 
modern horticulture. Today’s orchards are very much open type in which control of 
weeds is essential. 
 
The Weed Management Practices 
 Tree bases, where freedom from weeds is most essential, are not easily 
accessible to mechanical cultivation. It may cause injury to the lower fruiting 
branches and shallow feeding roots of the trees. For this reason herbicidal control is 
important for ring weeding under the fruit trees. In between the tree rows, both 
cultivators and herbicides could be used with similar results, depending upon their 
economic viability. Also, suitable cover crops and sods may be grown in between the 
tree rows for weed suppression. Such sods should be kept low by mowing. Some 
gardeners like to grow vegetables in orchards, which indirectly induces them to 
maintain weed free conditions. But intercropping of any kind in orchards may be 
undesirable in part of the year when the demand of orchard trees for mineral 
nutrients and water is high. At this time, black polythene mulches of 400 gauges can 
be used more effectively in smothering the weeds in orchards. 
 There has been considerable progress in the development and use of 
herbicides in orchards, particularly around the tree bases. The selectivity of 
herbicides to orchard trees may be achieved in either of the following four ways:- 
 

i) The inherent tolerance of the plant to the herbicide; instance apple to 
simazine. 

ii) Failure of herbicides such as paraquat and diquat to penetrate the bark of 
trees 

iii) Directed and protected application of herbicides 
iv) Use of limited leaching herbicides, such as dichlobenil. 
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 Important Herbicide Recommendations in Orchards 
 

Herbicide Type of treatment Remarks 

1. 2. 3. 

I. Contact Herbicides (with no soil residues): 

Herbicidal oils Directed spray 
around the tree 
bases 

Avoid drift to the tree trunks. 

Paraquat/diquat Directed spray 
around the tree 
bases 

Drift will not darmage woody stems. To 
obtain residual control, paraquat can be 
combined with simazine in tolerant crops like 
apple and peach. 

II. Soil Active Herbicides : 

Terbacil 
(2-10 kg/ha) 

Directed spray Use for ring weeding in two years’ or older 
apple, peach and citrus orchards 

Simazine  
(1-2 kg/ha) 

Preemergence to 
weeds 

Use in citrus, apple, and other deciduous 
orchards, as well as in nuts and vineyards. 
Established apple and pear are tolerant up to 
5 kg/ha simazine, once in two years. 

Diuron 
(1-3 kg/ha) 

Preemergence to 
weeds 

Use in apple, pear, peach, citrus, banana, 
and pineapple plantations, as well as in 
vineyards. Vineyards can tolerate up to 3.5 
kg/ha of diuron. 

Monuron  
(1-2 kg/ha) 

Preemergence to 
weeds 

It is used in citrus grooves in low rainfall 
areas only. 

Dalapon (1%) Directed spray It is used for ring weeding four years’ or older 
apple and pear orchards. Also, citrus and 
vineyards can be treated while these are 
dormant. 

2,4-D  
(1-2 kg/ha) 

Directed and 
protected spray 

Fruit trees with exposed suckers should not 
be treated with it.  Avoid ester formulations of 
2,4-D. Apply as inverts or with drift control  
agents to avoid spray drift hazards. 

Gluphosate 
(kg/ha) 

Directed spray Apply 2-3 times in the season for ring 
weeding of orchards, It can also be used to 
clean interrows of strawberry, fig, and 
banana orchards, particularly for 
bermudagrass control. 

 
 
 

***
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CHAPTER--  1111  
 

Shift of weed flora in cropping system 
Weed synecology 
 The study of relationships between communities of different weed species 
with their environment is called weed synecology. Different weed species grow in 
certain combinations and in specific patterns in the field. The population of different 
weed species interact with the external environmental conditions and among 
themselves. Weed communities differ from field to field and crop to crop in the same 
locality. The community character is dynamic and changes in form and composition 
of weed flora takes place in course of time due to some external and internal factors 
prevailing in the community. This process is called ecological succession. With the 
passage of time there will be series of changes in the composition of weed 
community which ultimately results in stable community. This is termed as climax 
community. 
 
CROP WEED ASSOCIATION 
 For successful cultivation of various crops, optimum climatic and adaphic 
conditions are required. A particular community of weeds whose ecological 
requirements tally with the crop are generally found to be associated. As phodelus 
tenuifolius (Piazi/wild onion) and Carthamus oxyacantha (Pohli) have low water as 
well as fertility requirements and these weeds were very troublesome weeds of  rabi 
crops like wheat, barley and gram at some times (during early decades). But with the 
introduction of dwarf wheat varieties having high requirements for water and 
nutrients, these weeds (Asphodelus tenuifolius and Carthamus oxyacantha) do not 
appear as this dwelling is not suitable for their growth. The rice-wheat rotation gained 
more popularity during the past many years, so instead of low water/fertilizer 
requiring weeds, the infestation of Phalaris minor (Gullidanda/ Sitti) became more 
prominent as the prevailing growing conditions were favorable for this weed to grow. 
The puddling as well as water stagnation conditions which are pre-requisite for rice 
are ecologically favorable for survival, growth and development of Phalaris minor. 
The seeds of P. minor are capable of tolerating anaerobic conditions, by entering 
into secondary dormancy, which perhaps is also one of the reasons of its better 
adoption in rice-wheat cropping system. 
 Wild oats (Avena ludoviciana) is another troublesome grass type weed of 
Rabi season crops. The seeds of this weed are porous and in rice-wheat system this 
weed disappears because at the time of paddling to rice, the seeds of this weed 
loose their viability. So, rice-wheat rotation is not ecologically suitable for the survival 
of Avena ludoviciana whereas it is more favourable for Phalaris minor whose seed 
coat is very hard which is impermeable to water. Avena ludoviciana is a very serious 
weed of wheat which comes in non paddy-wheat rotations. This weed has strong 
associations with wheat as due to morphological similarities, many plants are left 
uncontrolled with the employed   methods of controlling this weed and these plants 
shed seeds in the field before harvest of wheat, which becomes source of 
infestations during the succeeding years. It is a serious weed of wheat grown on light 
to medium textured soils. Also due to bold seed size of wild oats, these are collected 
in the wheat produce at the time of threshing which can not be separated out by any 
means and when these grains are used as seeds, the field gets infestation of this 
weed. 
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 On the other hand swank (Echinochloa crusgalli) and kanki (Ischaemum 
rugosum) are grass weeds which are invariable associated with rice as the frequent 
flooding favour the growth of these weeds. Replacement of rice with other kharif 
crops will help in reducing their intensity. Similarly Trianthema portulacastrum 
(Itsit/Chupati) is a troublesome weed of non-paddy fields during kharif season as it 
grows under well drained conditions. However, cultivation of paddy in Trianthema 
portulacastrum infested field will solve its problem. 
 The crop-weed associations goes on changing with the change in agronomic 
practices especially cropping system and with the continuous use of same group of 
herbicides. As discussed, association of weeds changes with the change in crop 
rotation. Herbicides provides selective kill of one of more types of weeds, whereas, 
few weed species are partially killed or not killed at all and these dominates with the 
continuous use of same herbicide group year after year. In this way ecological 
changes or shift in weed flora takes place. For instance, continuous use of butachlor 
encouraged the infestation of Ischaemum rugosome and many broad leaf weeds 
such as Caesulea axillaries, Sphenochalea spp. in transplanted crop of rice. 
Similarly, in wheat the infestation of broad leaf weeds particularly Rumex dentatus 
(Wild palak) is on the increase with the use of clodinafop or fenoxaprop group of 
herbicides.  
 
 

***
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CHAPTER--  1122  
 

Problematic weeds and their control 

  
11..  GGRRAASSSSEESS  

  

aa))  CCyynnooddoonn  ddaaccttyylloonn  ((LL..))  PPEERRSS..  ((bbeerrmmuuddaaggrraassss,,  ddoooobb))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  CCyynnooddoonn  ddaaccttyylloonn  iiss  aa  ppeerreennnniiaall  wweeeedd  ggrroowwiinngg  llaarrggeellyy  ffrroomm  

rroooottssttoocckkss  aanndd  ssttoolloonnss..  AAlltthhoouugghh  iitt  pprroodduucceess  sseeeeddss,,  yyeett  tthheessee  aarree  nnoott  iimmppoorrttaanntt  iinn  iittss  

ddiissppeerrssaall..  BBeerrmmuuddaaggrraassss  rroooottssttoocckkss  ffoorrmm  ddeennssee  ssoodd  iinnssiiddee  tthhee  ssooiill  aanndd  iittss  ssttoolloonnss  

ccrreeeepp  oovveerr  tthhee  llaanndd,,  eexxtteennssiivveellyy..  TThhee  ggrraassss  ggrroowwss  rroouunndd  tthhee  yyeeaarr,,  bbuutt  iitt  iiss  ppaarrttiiccuullaarrllyy  

vviiggoorroouuss  uunnddeerr  wwaarrmm  aanndd  mmooiisstt  ccoonnddiittiioonnss..  

  

CCoonnttrrooll::    IInn  tthhee  sseemmiiaarriidd  ttrrooppiiccss,,  eexxppoossuurree  ooff  CCyynnooddoonn  ddaaccttyylloonn  rrhhiizzoommeess  ttoo  hhoott  ssuunn  

dduurriinngg  ssuummmmeerr  mmoonntthhss  bbyy  ddeeeepp  ttiillllaaggee  ooff  tthhee  iinnffeesstteedd  llaanndd,,  iiss  aann  eeffffeeccttiivvee  mmeetthhoodd  ooff  

ccoonnttrroolllliinngg  tthhee  wweeeedd..  IItt  ttaakkeess  aabboouutt  77--1144  ddaayyss  ttoo  ddeessiiccccaattee  tthhee  eexxppoosseedd  rrhhiizzoommeess  

wwhheerree  aafftteerr  aa  sseeccoonndd  ttiillllaaggee  ooppeerraattiioonn  ttoo  ffuurrtthheerr  eexxppoossee  tthhee    BBeerrmmuuddaa  ggrraassss  

rrhhiizzoommeess  iiss  rreeqquuiirreedd..  BBeerrmmuuddaa  ggrraassss  ccoonnttrrooll  bbyy  ssuummmmeerr  ttiillllaaggee  ccaann  bbee  iimmpprroovveedd  bbyy  

pprree--  ccoonnddiittiioonniinngg  iitt  bbyy  tthhee  aapppplliiccaattiioonn  ooff  hheerrbbiicciiddeess  ee..gg..    ddiillaappoonn,,  TTCCAA  ddiiuurroonn,,  

ggllyypphhoossaattee,,  aammiittrroollee--TT,,  aanndd  uurraacciillss..  TThheessee  hheerrbbiicciiddeess  wwiillll  aaiidd  iinn  aacchhiieevviinngg  aa  lloonnggeerr  

llaassttiinngg  aanndd  mmoorree  ccoommpplleettee  kkiillll  ooff  tthhee  wweeeedd  bbyy  ttrraannssllooccaattiinngg  ttoo  tthhee  uunnddeerrggrroouunndd  

rrhhiizzoommeess  ooff  tthhee  wweeeedd..  BBuutt  tthhee  ttrreeaattmmeenntt  lliimmiittss  tthhee  cchhooiiccee  ooff  ccrrooppss  tthhaatt  ccoouulldd  ffoollllooww  

oonn  tthhee  ttrreeaatteedd  llaanndd..  

  

  

bb))SSoorrgghhuumm  hhaalleeppeennssee  ((LL..))  PPeerrss..  jjoohhnnssoonnggrraassss,,  bbaarruu))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  SSoorrgghhuumm  hhaalleeppeennssee  iiss  aa  ppeerreennnniiaall,,  rroobbuusstt  ggrraassss  wwiitthh  uupp  ttoo  22  

mm  hhiigghh  ccuullmmss..  IItt  rreepprroodduucceess  ffrroomm  ssttoouutt,,  ddeeeepp  rrhhiizzoommeess,,  aanndd  pplleennttiiffuull  sseeeeddss..  TThhee  

rrhhiizzoommeess  mmaayy  bbee  ffoouunndd  aass  ddeeeepp  aass  33  mm  iinn  ssooiill,,  tthhoouugghh  3355--3377  ccmm  ddeepptthh  iiss  mmoorree  

ccoommmmoonn..  AA  ppiieeccee  ooff  JJoohhnnssoonn  ggrraassss  rrhhiizzoommee  ddrraaggggeedd  ttoo  aa  nneeww  ssppoott  ffoorrmmss  aa  nneeww  

ccoolloonnyy  qquuiicckkllyy..  TThhee  ffoooodd  rreesseerrvveess  iinn  tthhee  rrhhiizzoommeess  aarree  lloowweesstt  wwhheenn  tthhee  aaeerriiaall  sshhoooottss  

aarree  2266--3333  ddaayyss  oolldd..  AAtt  tthhiiss  ttiimmee  tthhee  JJoohhnnssoonn  ggrraassss  sshhoooottss  aarree  iinn  bboooott  ssttaaggee  aanndd  

aabboouutt  3300--3355  ccmm  iinn  hheeiigghhtt..  RRiippee  sseeeeddss  aarree  pprroodduucceedd  iinn  llaarrggee  nnuummbbeerrss  dduurriinngg  tthhee  

wwiinntteerr  mmoonntthhss  aanndd  aarree  ddiisssseemmiinnaatteedd  eexxtteennssiivveellyy  wwiitthh  wwiinndd..  TThheerreeaafftteerr,,  tthhee  oolldd  ggrraassss  

cclluummppss  uunnddeerrggoo  ddoorrmmaannccyy..  TThhee  nneeww  sseeeeddlliinnggss  aappppeeaarr  iinn  ssuummmmeerr  aanndd  tthheessee  bbeeggiinn  

ffoorrmmiinngg  rrhhiizzoommeess  wwiitthhiinn  33--44  wweeeekkss..  TThhee  rrhhiizzoommee  ddeevveellooppmmeenntt  iiss  ffaasstt  aafftteerr  tthhee  ppllaannttss  

hhaavvee  ffoorrmmeedd  tthhee  sseeeedd  hheeaaddss..  

  

CCoonnttrrooll::  IInn  sseemmii--aarriidd  rreeggiioonnss,,  bbeetttteerr  mmeetthhoodd  ooff  JJoohhnnssoonn  ggrraassss  ccoonnttrrooll  wwoouulldd  bbee  ttoo  

rreessoorrtt  ttoo  ssuummmmeerr  ttiillllaaggee  aanndd  aapppplliiccaattiioonn  ooff  TTCCAA  ((3300  kkgg//hhaa))  aatt  tthhee  llaasstt  ccuullttiivvaattiioonn,,  

bbeeffoorree  tthhee    bbrreeaakk  ooff  mmoonnssoooonn..  TTCCAA  iiss  rraappiiddllyy  aabbssoorrbbeedd  bbyy  JJoohhnnssoonn  ggrraassss  rrhhiizzoommeess  

aanndd  iitt  ddeessttrrooyyss  tthheemm..  OOnnee  yyeeaarr  ttrreeaattmmeenntt  wwiitthh  TTCCAA  iiss  ccaappaabbllee  ooff  ccaauussiinngg  uupp  ttoo  9999%%  

ccoonnttrrooll  ooff  JJoohhnnssoonn  ggrraassss..  
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cc))  AAvveennaa  sspppp..  ((wwiilldd  ooaatt,,  jjuunnggllee  jjaaii))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt  ::  TThheerree  aarree  tthhrreeee  ccoommmmoonn  ssppeecciieess  ooff  wwiillddooaatt,,  nnaammeellyy,,  AAvveennaa    

ffaattuuaa  LL..,,  AA..  lluuddoovviicciiaannaa  DDuurr,,  aanndd  AA..  sstteerriilliiss--mmaaccrrooccaarrppaa  LL..  ooff  tthheessee,,  iinn  IInnddiiaa  tthhee    ffiirrsstt  

ttwwoo  ssppeecciieess  aarree  ooff  ccoommmmoonn  ooccccuurrrreennccee..  AA..  sstteerriilliiss  iiss  tthhee  pprriinncciippaall  wwiillddooaatt  ssppeecciieess  iinn  

AAffrriiccaa..  

  WWiillddooaatt  iiss  aa  sseerriioouuss  wweeeedd  ooff  mmaaiinnllyy  wwhheeaatt  aanndd  bbaarrlleeyy  aalltthhoouugghh  iitt  mmaayy  iinnffeesstt  

ootthheerr  wwiinntteerr  ccrrooppss  ttoooo..  IItt  iiss  ssoo  bbeeccaauussee  iinn  ssmmaallll  ggrraaiinnss  iitt  ssuurrvviivveess  bbyy  mmiimmiiccrryy  dduurriinngg  

iittss  vveeggeettaattiivvee  pphhaassee..  BBoottaanniiccaallllyy  iitt  ccaann  bbee  ddiissttiinngguuiisshheedd  ffrroomm  wwhheeaatt  ppllaannttss  bbyy  iittss  

llaarrggee  lliigguullee,,  aabbsseennccee  ooff  aauurriicclleess,,  aanndd  aannttii--cclloocckkwwiissee  ttwwiisstt  ooff  iittss  lleeaavveess..  

  

CCoonnttrrooll::  AAddooppttiioonn  ooff  ccrroopp  rroottaattiioonn  iinnvvoollvviinngg  nnoonn--ggrraammiinnaacceeoouuss  wwiinntteerr  ccrrooppss,,  wwhheerree  

wwiilldd  ooaatt  sshhoowwss  iittsseellff  ddiissttiinnccttllyy,,  iiss  aa  pprraaccttiiccaall  wwaayy  ooff  rreedduucciinngg  tthhee  wweeeedd  ppooppuullaattiioonnss..  

FFrroomm  wwhheeaatt  aanndd  bbaarrlleeyy  pplloottss  tthhee  wweeeedd  ccaann  bbee  ppuulllleedd  oouutt  oonnllyy  aafftteerr  iitt  hhaass  sshhoowwnn  iittss  

ttyyppiiccaall  ppaanniiccllee..  WWhheenn  llaarrggee  aarreeaass  ooff  wwhheeaatt  aanndd  bbaarrlleeyy  aarree  iinnvvoollvveedd,,  hheerrbbiicciiddeess  aarree  ttoo  

bbee  eemmppllooyyeedd  ttoo  rreedduuccee  wwiilldd  ooaatt  iinnffeessttaattiioonnss..  IInn  tthheessee  ccrrooppss  hheerrbbiicciiddeess  ssuucchh  aass  

ddiiffeennzzooqquuaatt,,  bbeennzzooyyllpprroopp,,  ddiiccllooffoopp,,  ffllaammpprroopp,,  aanndd  tteerrbbuuttrryynn,,  ccaann  bbee  uusseedd..  

  

dd))  PPhhaallaarriiss  mmiinnoorr  RReettzz..  ((LLiittttlleesseeeedd  ccaannaarryyggrraassss,,  gguuiilliiddaannddaa,,  vvaannrrii))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  PPhhaallaarriiss  mmiinnoorr,,  aann  aannnnuuaall,,  ggrraammiinnaacceeoouuss  wweeeedd,,  hhaass  sspprreeaadd  

wwiiddeellyy  iinn  mmaannyy  wwhheeaatt  ggrroowwiinngg  aarreeaass  ooff  tthhee  wwoorrlldd..  LLiikkee  wwiilldd  ooaatt,,  iitt  mmiimmiiccss  wwhheeaatt  aanndd  

bbaarrlleeyy  ppllaannttss  aanndd  sseettss  sseeeeddss  aatt  aallmmoosstt  tthhee  ssaammee  hheeiigghhtt  aanndd  ttiimmee  aass  tthhee  ccrroopp..  EEaacchh  

ppllaanntt  ooff  ccaannaarryy  ggrraassss  pprroodduucceess  aabboouutt  330000--446600,,  sshhiinnyy  bbllaacckk,,  vveerryy  ssmmaallll,,  ffllaatt  sseeeeddss  

wwhhiicchh  rreeaaddiillyy  ccoonnttaammiinnaattee  tthhee  wwhheeaatt  sseeeeddss..  

  

CCoonnttrrooll::  UUnnlliikkee  wwiilldd  ooaatt,,  tthhee  sseeeeddss  ooff  ccaannaarryy  ggrraassss  ccaann  bbee  sseeppaarraatteedd  ffrroomm  wwhheeaatt  

aanndd  bbaarrlleeyy  sseeeeddss  bbyy  ssiieevviinngg..  CCrroopp  rroottaattiioonnss  iinnvvoollvviinngg  bbrrooaaddlleeaaff  wwiinntteerr  ccrrooppss,,  aanndd  iinn  

cceerrttaaiinn  aarreeaass  wwiinntteerr  mmaaiizzee,,  ooffffeerr  ffaarrmmeerrss  ffuurrtthheerr  cchhaannccee  ttoo  hhooee  oouutt  tthhiiss  ggrraassss  aatt  aa  

vveerryy  eeaarrllyy  ccrroopp  ssttaaggee..  CCeerrttaaiinn  hheerrbbiicciiddeess  hhaavvee  eexxhhiibbiitteedd  aaddeeqquuaattee  sseelleeccttiivviittyy  

bbeettwweeeenn  PP..  mmiinnoorr  aanndd  wwhheeaatt  ((oorr  bbaarrlleeyy))..  SSoommee  ssuucchh  hheerrbbiicciiddeess  aarree  

mmeetthhaabbeezztthhiiaazzuurroonn,,  mmeettooxxuurroonn,,  iissoopprroottuuttoonn,,  tteerrbbuuttrryynn  aanndd  nniittrrooffeenn..  

  

22..  PPAARRAASSIITTIICC  WWEEEEDDSS  

  

ee))  SSttrriiggaa  sspppp..  ((SSttrriiggaa,,  wwiittcchhwweeeedd,,  aaggiiaa))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  SSttrriiggaa  iiss  aann  aannnnuuaall,,  ppaarraassiittiicc  hheerrbb,,  pprrooppaaggaattiinngg  ffrroomm  sseeeeddss..  AA  

ssttiimmuulluuss  ffrroomm  aa  ssuuiittaabbllee  hhoosstt  rroooott  eexxuuddaatteess,,  ccoonnttiinnuuoouussllyy  ffoorr  2244--2288  hhoouurrss,,  iiss  nneeeeddeedd  

ttoo  ttrriiggggeerr  tthhee  ggeerrmmiinnaattiioonn  pprroocceessss  iinn  ssttrriiggaa  sseeeeddss..  UUppoonn  ggeerrmmiinnaattiioonn,,  ssttrriiggaa  pprroodduucceess  

22--33  mmmm  lloonngg  rraaddiicclleess..  TThhee  rraaddiicclleess  tthheenn  ffoorrmm  hhaauussttoorriiaa  oonn  tthhee  nneeaarrbbyy  hhoosstt  rroooottss  aanndd  

ccoonnttiinnuuee  eexxtteennddiinngg  tthheeiirr  ggrroowwtthh  iinnvvoollvviinngg  tthhee  wwhhoollee  rroooott  ssyysstteemm  ooff  tthhee  ccrroopp  ppllaanntt;;  

ssuucckkiinngg  wwaatteerr,,  nnuuttrriieennttss,,  aanndd  ootthheerr  ffoooodd  mmaatteerriiaall  ffrroomm  tthheemm..  TThhee  aaffffeecctteedd  ccrrooppss  llooookk  

ddrroouugghhtt--ssttrriicckkeenn,,  ddeessppiittee  tthhee  pprreesseennccee  ooff  aaddeeqquuaattee  ssooiill  mmooiissttuurree..  AAfftteerr  aabboouutt  2200  

ddaayyss  ooff  ssuubbtteerrrraanneeaann  lliiffee  aass  aa  ttoottaall  ppaarraassiittee,,  ssttrriiggaa  eemmeerrggeess  tthhrroouugghh  tthhee  ssooiill  aass  ggrreeeenn  

ppllaanntt..  AAtt  tthhiiss  ssttaaggee  iitt  bbeeccoommeess  aa  ppaarrttiiaall  ppaarraassiittee,,  mmaakkiinngg  iittss  oowwnn  ccaarrbboohhyyddrraatteess..  

EEaacchh  ssttrriiggaa  ppllaanntt  mmaayy  pprroodduuccee  oovveerr  aa  mmiilllliioonn  sseeeeddss,,  aabboouutt  3300  ddaayyss  aafftteerr  iittss  

eemmeerrggeennccee..  TThhee  ssttrriiggaa  sseeeeddss  aarree  aass  ffiinnee  aass  dduusstt..  TThheerree  aarree  aabboouutt  2233  ssppeecciieess  ooff  

SSttrriiggaa  oonn  rreeccoorrdd  iinn  tthhee  wwoorrlldd  bbuutt,,  ooff  tthheessee,,  oonnllyy  tthhrreeee  aarree  ccoonnssiiddeerreedd  nnoottoorriioouuss..  



 58 

TThheessee  aarree::  SS..  aassiiaattiiccaa  ((==SS..  lluutteeaa)),,  SS..  hheerrmmoonntthhiiccaa,,  aanndd  SS..  ddeennssiifflloorraa  aattttaacckkiinngg  

pprriimmaarriillyy  ssoorrgghhuumm  aanndd  ppeeaarrll  mmiilllleett..  

  

CCoonnttrrooll::  CCaattcchh  ccrrooppss  ((ssttrriiggaa  ssuusscceeppttiibbllee,,  sshhoorrtt  dduurraattiioonn  ccrrooppss  ttoo  bbee  ppllaanntteedd  aanndd  

ddeessttrrooyyeedd  bbeeffoorree  ppllaannttiinngg  tthhee  mmaaiinn  ccrroopp))  aanndd  ttrraapp  ccrrooppss  ((ssttrriiggaa  ggeerrmmiinnaattiioonn  

ssttiimmuullaattiinngg  ccrrooppss  wwiitthh  iinnhheerreenntt  aattttaacchhmmeenntt  bbaarrrriieerrss)),,  aarree  oofftteenn  ssuuggggeesstteedd  aass  ppoossssiibbllee  

mmeeaannss  ttoo  rreedduuccee  ssttrriiggaa  ppooppuullaattiioonnss..  HHoowweevveerr,,  iinn  mmoosstt  ssoorrgghhuumm  aanndd  ppeeaarrll  mmiilllleett  

rreeggiioonnss  ooff  tthhee  ttrrooppiiccss,,  iinnddiivviidduuaall  ffaarrmmeerr  iiss  ggrreeaattllyy  lliimmiitteedd  iinn  hhiiss  cchhooiiccee  ooff  ccrrooppss  dduuee  ttoo  

vvaarriieedd  aaggrroo--cclliimmaattiicc  aanndd  ssoocciiooeeccoonnoommiicc  ssttrreesssseess..  CCoottttoonn,,  ssuunnfflloowweerr,,  ccooww  ppeeaa,,  

ggrroouunnddnnuutt,,  aanndd  ccaassttoorr  aarree  ccoonnssiiddeerreedd  ssuuiittaabbllee  ttrraapp  ccrrooppss  ooff  ssttrriiggaa..  

  DDiirreecctteedd  aapppplliiccaattiioonnss  ooff  22,,44--DD  iiss  aa  vveerryy  pprraaccttiiccaall  aalltteerrnnaattiivvee  ttoo  tthhiiss  ffoorr    

bbrreeaakkiinngg  ffuuttuurree  ppooppuullaattiioonnss  ooff  ssttrriiggaa..  IIttss  aammiinnee  ssaalltt  iiss  aapppplliieedd  aatt  00..55--00..7755  kkgg//hhaa,,  22--33  

ttiimmeess  dduurriinngg  tthhee  ccrroopp  sseeaassoonn  ttoo  ddeessttrrooyy  fflluusshheess  ooff  ssttrriiggaa  iinn  iittss  vveeggeettaattiivvee  pphhaassee..    

  

ff))  OOrroobbaanncchheess  sspppp..  ((bbrroooommrraappee,,  hhaaddddddaa))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  TThheerree  aarree  ffoouurr  mmaajjoorr  ppaarraassiittiicc  ssppeecciieess  ooff  bbrroooommrraappee..  TThheessee  

aarree::  OO..  CCeerrnnuuaa  oonn  ttoobbaaccccoo  aanndd  ssuunnfflloowweerr,,  OO..  rraammoossee  aanndd  OO..aaeeggyyppttiiaaccaa  oonn  ttoommaattoo  

aanndd  lliikkee  ccrrooppss,,  aanndd  OO..  ccrreennaattaa  oonn  bbrrooaadd  bbeeaannss  ((VViicciiaaffaabbaa))..  BBeessiiddeess,,  OO..  rraammoossee  iiss  aa  

mmeennaaccee  iinn  BBrraassssiiccaa  ccrrooppss..  IInn  IInnddiiaa,,  lloosssseess  dduuee  ttoo  OOrroobbaanncchhee  iinn  ttoobbaaccccoo  aalloonnee  aarree  

eessttiimmaatteedd  aatt  3300  ttoo  3355%%..  

  BBrroooommrraappee  iiss  aann  aannnnuuaall,,  ppaarraassiittiicc  hheerrbb  pprrooppaaggaattiinngg  bbyy  sseeeeddss..  TThhee  hhoosstt  rroooott  

eexxuuddaatteess  iinndduuccee  ggeerrmmiinnaattiioonn  ooff  bbrroooommrraappee  sseeeeddss  wwiitthhiinn  ssooiill..  TThhee  ppaarraassiittee  sseeeeddlliinnggss  

tthheenn  iinnffeecctt  tthhee  nneeaarrbbyy  hhoosstt  rroooottss  ffoorrmmiinngg  hhaauussttoorriiaa  oonn  tthheemm..  SSoooonn  tthheerreeaafftteerr  tthhee  

bbrroommrraappee  eemmeerrggeess  tthhoouugghh  tthhee  ssooiill  aass  ppaallee  sshhoooottss,,  ddeevvooiidd  ooff  cchhlloorroopphhyyllll..  BBrroooommrraappee  

iiss  tthhuuss  aa  ttoottaall  ppaarraassiittee..  IIttss  cclloonneess  aarree  fflleesshhyy  aatt  tthhee  bbaassee,,  aanndd  tthheeyy  ddeevveelloopp  sseevveerraall  

ttuubbeerrcclleess  wwhhiicchh  ggrrooww  iinnttoo  sseeppaarraattee  fflloowweerriinngg  sshhoooottss..  EEaacchh  bbrroooommrraappee  ppllaanntt  mmaayy  

pprroodduuccee  oovveerr  hhaallff  aa  mmiilllliioonn  sseeeeddss  iinn  aa  sshhoorrtt  ppeerriioodd  ooff  aabboouutt  eeiigghhtt  wweeeekkss..  TThhee  bbrroooomm--

rraappee  sseeeeddss  ddiisssseemmiinnaattee  bbyy  wwiinndd,,  bbiirrddss,,  aanndd  ffaarrmm  aanniimmaallss..  TThheeyy  ccaann  rreemmaaiinn  ddoorrmmaanntt  

iinn  ssooiill  ffoorr  22--1122  yyeeaarrss..  

  OOrroobbaanncchhee  iinnffeessttss  oonnllyy  ffiibbrroouuss  rroooottss  ooff  ttoobbaaccccoo..  TThheerreeffoorree,,  iitt  iiss  aa  pprroobblleemm  

oonnllyy  iinn  tthhee  mmaaiinn  ttoobbaaccccoo  ffiieellddss  aanndd  nnoott  iinn  tthhee  ttoobbaaccccoo  nnuurrsseerriieess..  BBrroooommrraappee  iiss  

uussuuaallllyy  ffiirrsstt  sseeeenn  iinn  ttoobbaaccccoo  ffiieellddss  4455  ddaayyss  aafftteerr  ttrraannssppllaannttiinngg..  IItt  fflloowweerrss  44--55  ddaayyss  

llaatteerr  aadd  rriippeennss  iittss  sseeeeddss  iinn  aannootthheerr  2200--2255  ddaayyss..  

  

CCoonnttrrooll::    HHaanndd--wweeeeddiinngg  aatt  wweeeekkllyy  iinntteerrvvaallss  iiss  eeffffeeccttiivvee  iinn  pprreevveennttiinngg  iittss  ffuurrtthheerr  

sspprreeaadd,,  bbuutt  iitt  iiss  ttoooo  ccoossttllyy  ooppeerraattiioonn..  

  HHeerrbbiicciiddaall  ccoonnttrrooll  ooff  oorroobbaanncchhee  hhaass  bbeeeenn  ffoouunndd  ppoossssiibbllee  wwiitthh  MMHH  iinn  ttoobbaaccccoo  

ffiieellddss..  IIttss  ssiinnggllee  sspprraayy  aapppplliiccaattiioonn  aatt  00..77  kkgg//hhaa,,  aabboouutt  4400  ddaayyss  aafftteerr  ttrraannssppllaannttiinngg  

ttoobbaaccccoo,,  hhaass  bbeeeenn  rreeppoorrtteedd  ttoo  bbrriinngg  aabboouutt  aass  mmuucchh  aass  6633--8855%%  ccoonnttrrooll  ooff  

OOrroobbaanncchheess  sshhoooottss..  

  

gg))  CCuussccuuttaa  sspppp..  ((ddooddddeerr,,  aakkaasshhbbeell))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  TThheerree  aarree  aatt  lleeaasstt  117700  ssppeecciieess  ooff  CCuussccuuttaa  iinn  tthhee  wwoorrlldd..  OOff  

tthheessee,,  CC  ccaammppeessttrriiss,,  CC..  rreejjlleexxaa,,  aanndd  CC..  hhyyiiaalliinnaa  aarree  mmoosstt  ccoommmmoonn..  CCuussccuuttaa  iiss  aa    

ccoommpplleettee  ppaarraassiittee,,  ttwwiinniinngg,,  ggoollddeenn  yyeellllooww,,  wwiirryy  sstteemmss,,  rruuddiimmeennttaarryy  ssccaallyy  lleeaavveess,,    aanndd  

ssmmaallll  cclluusstteerrss  ooff  mmiinnuuttee,,  bbeellll--sshhaappeedd  fflloowweerrss..  TThhee  ddooddddeerr  sstteemmss  ccoonnttaaiinn  ccaarrootteennooiidd  

ppiiggmmeenntt  ccaappaabbllee  ooff  ccoonndduuccttiinngg  oonnllyy  lliimmiitteedd  pphhoottoossyynntthheessiiss..  OOff  tthhee  ffiieelldd  ccrrooppss,,  
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LLuucceerrnnee  iiss  tthhee  mmaaiinn  hhoosstt  ooff  ddooddddeerr..  BBeessiiddeess,,  iitt  sseevveerreellyy  ppaarraassiittiizzeess  mmaannyy  ssppeecciieess  ooff  

ttrreeeess,,  hheeddggeess,,  aanndd  oorrnnaammeennttaall  ppllaannttss..    

  GGeerrmmiinnaattiioonn  ooff  ddooddddeerr  sseeeeddss  ddooeess  nnoott  rreeqquuiirree  aannyy  ssttiimmuullaattiioonn  ffrroomm  tthhee  hhoosstt  

ccrroopp..  TThheeyy  ggeerrmmiinnaattee  rreeaaddiillyy  iinn  mmooiisstt  ssooiill  aanndd  pprroodduuccee  wwiirryy  pplluummuulleess..  TThhee  pplluummuulleess  

ttrryy  ttoo  ssttrriikkee  nneeaarrbbyy  ppllaanntt  rroooottss  aanndd  ssttuubbbblleess..  TThheenn  tthheeyy  ttrraavveell  uuppwwaarrdd  iinn  sseeaarrcchh  ooff  aa  

ssuuiittaabbllee  hhoosstt  sshhoooott,,  aass  yyeellllooww  sseeeeddlliinnggss..  TThhee  sseeeeddlliinnggss  ssuurrvviivvee  iiff  tthheeyy  ffiinndd  aa  pprrooppeerr  

hhoosstt  ppllaanntt,,  eellssee  tthheeyy  ppeerriisshh..  OOnn  tthhee  sstteemmss  ooff  aa  ttrruuee  hhoosstt,,  ddooddddeerr  mmaakkeess  hhaauussttoorriiaa  

aanndd  mmuullttiipplliieess  iittss  tthhrreeaaddss  rraappiiddllyy,,  uullttiimmaatteellyy  ffoorrcciinngg  tthhee  hhoosstt  ppllaanntt  ttoo  ppeerriisshh..  AA  ssiinnggllee  

ddooddddeerr  sseeeeddlliinngg  ccaann  ggrrooww  22  kkmm  oorr  mmoorree  iinn  lleennggtthh..  

  DDooddddeerr  ddiisssseemmiinnaatteess  bbyy  sseeeeddss  aass  wweellll  aass  tthhrroouugghh  mmoovveemmeenntt  ooff  iittss  ffrraaggmmeennttss  

wwiitthh  mmeenn  aanndd  aanniimmaallss..  

  

CCoonnttrrooll::  IImmppoorrttaanntt  pprraaccttiicceess  aarree  tthhee  uussee  ooff  cclleeaann  ccrroopp  sseeeeddss  aanndd  pprrooppeerr  ccrroopp  

rroottaattiioonnss..  AAddddiittiioonnaallllyy,,  ccuussccuuttaa  hhaass  bbeeeenn  ffoouunndd  ssuusscceeppttiibbllee  ttoo  pprree--eemmeerrggeenntt  

fflluucchhlloorraalliinn,,  ppeennddiimmeetthhaalliinn,,aanndd  mmeettoollaacchhlloorr..  

  

33..  BBRROOAADDLLEEAAFF  WWEEEEDDSS  

  

hh))  CCoonnvvooiivvuulluuss  aarrvveennssiiss  LL..((ffiieellddbbiinnddwweeeedd,,  hhiirraannkkhhuurrii))  

BBiioollooggyy  aanndd  HHaabbiittaa::  CC..  aarrvveennssiiss  iiss  aa  vviiggoorroouuss,,  ttwwiinniinngg  oorr  ttrraaiilliinngg,,  ppeerreennnniiaall  hheerrbb..  IItt  

rreepprroodduucceess  bbyy  sseeeeddss  aanndd  ccrreeeeppiinngg  rroooottss  wwhhiicchh  mmaayy  bbee  aass  ddeeeepp  aass  66--99  mm..  TThhoouugghh  iitt  

iiss  aann  eevveerrggrreeeenn  ppllaanntt,,  iinn  eexxcceessssiivvee  ddrroouugghh  ccoonnddiittiioonnss  iitt  uunnddeerrggooeess  ddoorrmmaannccyy..  EEaacchh  

rroooott  ffrraaggmmeenntt  ooff  bbiinnddwweeeedd  ccaann  ggrrooww  iinnttoo  aann  iinnffeessttaattiioonn  uupp  ttoo  33  mm  iinn  ddiiaammeetteerr  iinn  oonnee  

sseeaassoonn..  TThhee  sseeeeddss  hhaavvee  lloonngg  ddoorrmmaannccyy  ppeerriioodd..  BBiinnddwweeeedd  iiss  pprroommiinneenntt  iinn  sseemmiiaarriidd  

rreeggiioonnss,,  iinnffeessttiinngg  aarraabbllee  llaanndd,,  ggaarrddeennss,,  aanndd  uunnccuullttiivvaatteedd  ppllaacceess..  OOnn  ccrroopp  llaanndd,,  iitt  iiss  

ttrroouubblleessoommee  iinn  wwhheeaatt,,  bbaarrlleeyy,,  ggrraaiinn  ooaatt,,  ppoottaattoo  aanndd  ssuuggaarrccaannee..  IItt  bbiinnddss  tthhee  ccrroopp  

ppllaannttss  aanndd  mmaakkeess  tthheeiirr  hhaarrvveessttiinngg  eexxttrreemmeellyy  ccuummbbeerrssoommee..  

  

CCoonnttrrooll::  IInn  ffaallllooww  ffiieellddss,,  ssuummmmeerr  ttiillllaaggee  wwiitthh  oovveerrllaappppiinngg  sswweeeeppss  eevveerryy  ttiimmee  tthhee  

bbiinnddwweeeedd  ppllaannttss  aarree  1144--1188  ddaayyss  oolldd,,  ffoolllloowweedd  bbyy  ccoommppeettiittiivvee  ccrrooppppiinngg  wwiitthh  ffooddddeerr  

ccrrooppss,,  ffoorrmmss  ggoooodd  ccuullttuurraall  mmeetthhoodd  ooff  iittss  ccoonnttrrooll..  TThhee  ccuullttiivvaattiioonn  sshhoouulldd  bbeeggiinn  aatt  eeaarrllyy  

bbuudd  ssttaaggee  ooff  tthhee  wweeeedd..  IIttss  llaasstt  ggrroowwtthh  mmaayy  bbee  ttrreeaatteedd  aatt  tthhee  eeaarrllyy  bbuudd  ssttaaggee  wwiitthh  22,,44--

DD  aatt  00..55--11..00  kkgg//hhaa..  

  TToo  ccoonnttrrooll  bbiinnddwweeeedd  iinn  wwiinntteerr  ggrraaiinnss,,  22,,44--DD  sshhoouulldd  bbee  aapppplliieedd  aatt  tthhrreeee    ssttaaggeess  

ooff  tthhee  ccrroopp,,  nnaammeellyy,,  ((ii))  ffuullll  ttiilllleerriinngg,,  ((iiii))  ssttiiffff  ddoouugghh,,  aanndd  ((iiiiii))  ppoosstt--hhaarrvveesstt,,  wwhheenn  tthhee  

bbiinnddwweeeedd  sshhoooottss  aarree  1100--1155  ccmm  lloonngg..  FFoorr  tthhee  ppoosstt  hhaarrvveesstt  ttrreeaattmmeenntt  ooff  bbiinnddwweeeedd,,  aa  

00..22--00..33  %%  sspprraayy  mmiixxttuurree  ooff  22,,44--DD  aanndd  SSiillvveexx  ((22::11))  hhaass  oofftteenn  pprroovveedd    ssuuppeerriioorr..  EEsstteerr  

ffoorrmmss  ooff  pphheennooxxyy  hheerrbbiicciiddeess  aarree  mmoorree  eeffffeeccttiivvee  oonn  bbiinnddwweeeedd  tthhaann  tthheeiirr  ssaallttss..  

  

ii))  PPaarrtthheenniiuumm  hhyysstteerroopphhoorruuss  ((ccaarrrroottggrraassss,,  cchhaannddnnii))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  PP..  hhyysstteerroopphhoorruuss    iiss  aann  aannuuuuaall    ppllaanntt,,  wwiitthh  wwiiddee  aammpplliittuuddee  ooff    

eeccoollooggiiccaall  aaddaappttaabbiilliittyy;;  bbeeiinngg  bbootthh  pphhoottoo  aanndd  tthheerrmmoo--iinnsseennssiittiivvee..  IItt  rreepprroodduucceess  iittsseellff  

ffrreeeellyy  ffrroomm  nnuummeerroouuss  sseeeeddss  ((55000000--1100000000  ppeerr  ppllaanntt)),,  bbeessiiddeess  iittss  ccrroowwnn  bbuuddss  wwhhiicchh  

ppuutt  ffoorrtthh  nneeww  sshhoooottss  aass  aanndd  wwhheenn  tthhee  mmootthheerr  sshhoooott  iiss  ccuutt..  TThhuuss,,  tthhee  wweeeedd  sspprreeaaddss  

bbyy  lleeaappss  aanndd  bboouunnddss  iinn  aannyy  nneeww,,  nneegglleecctteedd  aarreeaa..  TThhee  wweeeedd  iiss  nnoottoorriioouuss  ffoorr  ccaauussiinngg  

aalllleerrggiicc  ddeerrmmaattiittiiss  aanndd  mmeennttaall  ddeepprreessssiioonnss  iinn  hhuummaann  bbeeiinngg..  TThhee  mmaaiinn  ttooxxiinn  

rreessppoonnssiibbllee  ffoorr  ssuucchh  eeffffeeccttss  ooff  tthhee  wweeeedd  iiss  ‘‘ppaarrtthheenniinn’’,,  pprreesseenntt  iinn  aa  ccoonncceennttrraattiioonn  aass  

hhiihhgg  aass  00..3333%%  ((dd..ww..bb..))..  
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CCoonnttrrooll::  IInn  aannyy  nneeww  aarreeaa  wwhheenn  ccaarrrroott  ggrraassss  hhaass  jjuusstt  bbeegguunn  ttoo  ttaakkee  oovveerr,,  aa  sseerriioouuss  

hhaanndd--ppuulllliinngg  ccaammppaaiiggnn  iiss  rreeccoommmmeennddeedd..  TThhee  vvoolluunntteeeerrss  sshhoouulldd  uussee  gglloovveess  aanndd  

eennssuurree  tthhaatt  tthhee  wweeeedd  iiss  ppuulllleedd  oouutt  ffrroomm  iittss  ccrroowwnn  rreeggiioonn..  

  OOnn  eessttaabblliisshheedd  iinnffeessttaattiioonnss  iinn  llaarrggee,,  nnoonn--ccrroopp  aarreeaass,,  sspprraayyss  ooff  22,,44--DD  eesstteerrss  

((22--55  kkgg//hhaa))  oorr  ccoommmmoonn  ssaalltt  ((1155--2200%%  sspprraayy))  aatt  tthhee  aaccttiivveellyy  ggrroowwiinngg  ssttaaggee  ooff    tthhee  

wweeeedd,,  hhaavvee  pprroovveedd  vveerryy  eeffffeeccttiivvee..  AA  wweettttiinngg  aaggeenntt  sshhoouulldd  bbee  aaddddeedd  ttoo  tthhee  sspprraayy  ttaannkk  

ttoo  iimmpprroovvee  iittss  wweeeedd  kkiillll  eeffffeecctt..  DDiiqquuaatt,,  ggllyypphhoossaattee,,  aanndd  MMSSMMAA  aarree  aallssoo  ppootteenntt  

hheerrbbiicciiddeess  aaggaaiinnsstt  ccaarrrroott  ggrraassss,,  bbuutt  tthheessee  aarree  mmuucchh  ccoossttlliieerr  ttoooo..  

  OOnn  ccrroopp  llaannddss,,  ddeeppeennddiinngg  uuppoonn  tthhee  sseelleeccttiivviittyy  ttoo  tthhee  ccrroopp,,  oonnee  ccoouulldd  uussee  pprree--

eemmeerrggeenntt  ssiimmaazziinnee  aattrraazziinnee,,  aallaacchhlloorr,,  bbuuttaacchhlloorr,,  ddiiuurroonn,,  oorr  nniittrrooffeenn  ttoo  hhoolldd  bbaacckk  

ccaarrrroott  ggrraassss  ffrroomm  sseeeeddss,,  ffoorr  22--55  mmoonntthhss..  

  

44..  SSEEDDGGEESS  

  

jj))  CCyyppeerruuss  sspppp..  ((nnuuttsseeddggee,,  mmootthhaa))  

  

BBiioollooggyy  aanndd  HHaabbiittaatt::  TThheerree  aarree  ttwwoo  ccoommmmoonn  ssppeecciieess  ooff  nnuuttsseeddggee,,  nnaammeellyy,,  CCyyppeerruuss  

eessccuulleennttuuss  LL..  ((yyeellllooww  nnuuttsseeddggee))  aanndd  CC..  rroottuunndduuss  LL..  ((ppuurrppllee  nnuuttsseeddggee))..    AA  ppuurrppllee  

nnuuttsseeddggee  ppllaanntt  ppoosssseesssseess  aa  pprroommiinneenntt  bbaassaall  bbuullbb  jjuusstt  bbeellooww  tthhee  ggrroouunndd  lleevveell..  TThhiiss  

bbaassaall  bbuullbb  pprroodduucceess  aa  cchhaaiinn  ooff  ttuubbeerrss  wwhhiicchh  rraammiiffyy  aass  ddeeeepp  aass  6600  ccmm  iinn  ssooiill..  BBuutt  iinn  

yyeellllooww  nnuutt  sseeddggee,,  iinnsstteeaadd  ooff  aa  bbaassaall  bbuullbb,,  tthheerree  aarree  ccrroowwnn  bbuuddss  aa  lliittttllee  bbeellooww  tthhee  ssooiill  

ssuurrffaaccee  wwhhiicchh  ggiivveess  rriissee  ttoo  cclluusstteerr  ooff  sshhoorrtt  rrhhiizzoommeess  eennddiinngg  iinn  ssmmaallll  ttuubbeerrss..  WWhheenn  

mmootthheerr  sshhoooottss  ooff  yyeellllooww  nnuutt  sseeddggee  aarree  ddeessttrrooyyeedd  bbyy  ttiillllaaggee,,  nneeww  aaeerriiaall  sshhoooottss  aarree  

bboorrnnee  bbyy  tthheessee  ccrroowwnn  bbuuddss..  IInn  ppuurrppllee  nnuutt  sseennddggee,,  oonn  tthhee  ccoonnttrraarryy,,  tthhee  nneeww  sshhoooottss  

aarriissee  ffrroomm  tthhee  ttuubbeerrss..    

  TThhee  cchhiieeff  mmooddee  ooff  pprrooppaaggaattiioonn  ooff  yyeellllooww  nnuuttsseeddggee  iiss  ffrroomm  sseeeeddss  ((nnuuttss)),,  wwhhiicchh  

aarree  9900--9955  %%  vviiaabbllee..  IIttss  ttuubbeerrss  aarree  ssmmaallll  aanndd  ssllooww  ggrroowwiinngg..  IInn  vvaarriiaannccee  wwiitthh  tthhiiss,,  tthhee  

ppuurrppllee  nnuuttsseeddggee  sseeeeddss  aarree  ooff  vveerryy  llooww  vviiaabbiilliittyy  ((22--1100%%))  bbuutt  iittss  ttuubbeerrss  aarree  pprroommiinneenntt  

aanndd  ggrrooww  rraappiiddllyy..  DDuurriinngg  tthhee  ffiirrsstt  oonnee  mmoonntthh  ggrroowwtthh  ooff  ppuurrppllee  nnuuttsseeddggee,,  aa  mmootthheerr  

ttuubbeerr  ccaann  pprroodduuccee  ffoouurr  ddaauugghhtteerr  ttuubbeerrss,,  aanndd  iinn  tthhrreeee  mmoonntthhss  tthhee  ttuubbeerr  ppooppuullaattiioonn  

mmaayy  rreeaacchh  aallmmoosstt  110000..  TThhiiss  mmaakkeess  ppuurrppllee  nnuuttsseeddggee  mmuucchh  mmoorree  pprroobblleemmaattiicc  tthhaann  

yyeellllooww  nnuuttsseeddggee..  

  NNuutt  sseeddggee  iiss  oonnee  ooff  tthhee  mmoosstt  ddiiffffiiccuulltt  ppeerreennnniiaall  wweeeeddss  ooff  tthhee  wwoorrlldd,,  ppaarrttiiccuullaarrllyy  

iinn  tthhee  mmooiissttuurree  rreetteennttiivvee  ssooiillss  ooff  tthhee  ttrrooppiiccss  aanndd  ssuubbttrrooppiiccss..  VVeeggeettaabbllee  ccrrooppss  aarree  

wwoorrsstt  aaffffeecctteedd  bbyy  nnuuttsseeddggee,,  aalltthhoouugghh  iitt  aallssoo  iinnffeessttss  mmaannyy  ssuummmmeerr  ffiieelldd  ccrrooppss  lliikkee  

mmaaiizzee,,  ssuuggaarrccaannee,,  aanndd  ccoottttoonn..  IInn  wwiinntteerr  sseeaassoonn  tthhee  wweeeedd  uussuuaallllyy  rreemmaaiinnss  ddoorrmmaanntt,,  

bbuutt  iinn  mmiilldd  sseeaassoonn  iitt  ccaann  aallssoo  ppoossee  pprroobblleemm  iinn  wwhheeaatt  aanndd  ppoottaattoo..  IInn  ppoottaattoo,,  nnuuttsseeddggee  

sshhoooottss  hhaavvee  bbeeeenn  ffoouunndd  ttoo  ppeenneettrraattee  tthhrroouugghh  iittss  ttuubbeerrss..  NNoott  oonnllyy  tthhiiss,,  oonn  rrooaaddssiiddeess  

tthhee  nnuuttsseeddggee  ccaann  ggrrooww  tthhrroouugghh  eevveenn  aasspphhaalltt..  

  

CCoonnttrrooll::  NNuuttsseeddggee  iiss  ffoouunndd  ssuusscceeppttiibbllee  ttoo  ttiillllaaggee..  IInn  ssuummmmeerr  ffaalllloowwss,,  hhoott  wweeaatthheerr  

ccuullttiivvaattiioonnss  ccaann  ddeessiiccccaattee  tthhee  ttuubbeerrss  ttoo  ddeeaatthh..  CCrroowwbbaarr  aanndd  oovveerrllaappppiinngg  sswweeeeppss  aarree  

ggoooodd  ffoorr  tthhiiss  ppuurrppoossee..  AA  ttuubbeerr  eexxppoosseedd  ttoo  ssuummmmeerr  ssuunn  iinn  tthhee  aarriidd  aanndd  sseemmii--aarriidd  

ttrrooppiiccss,,  iiss  ddeessiiccccaatteedd  iinn  aabboouutt  1144  ddaayyss  iiff  tthhee  ssooiill  wwaass  ccoommpplleetteellyy  ddrryy..  TThhee  nnuuttsseeddggee  

ttuubbeerr  ddeessiiccccaattiioonn  ccaann  bbee  ggrreeaattllyy  iimmpprroovveedd  bbyy  ssuupppplleemmeennttiinngg  ttiillllaaggee  wwiitthh  22,,44--DD  ((22--44  

kkgg//hhaa))  aatt  tthhee  llaasstt  ccuullttiivvaattiioonn  bbeeffoorree  tthhee  oonnsseett  ooff  mmoonnssoooonn..  IInn  vvaarriiaannccee  eevveerryy  ttiimmee  tthhee  

nnuuttsseeddggee  sshhoooottss  aarree  1188--2200  ddaayyss  oolldd..  TThhiiss  iiss  aabboouutt  tthhee  pprree--fflloowweerriinngg  ttiimmee  ooff  nnuuttsseeddggee  

wwhheenn  iittss  ffoooodd  rreesseerrvveess  iinn  tthhee  ttuubbeerrss  aarree  llooww..  TThhee  oobbjjeeccttiivvee  ooff  ttiillllaaggee  iinn  tthhiiss  ccaassee  iiss  ttoo  

ddeessttrrooyy  nnuuttsseeddggee  ttuubbeerrss  bbyy  ssttaarrvvaattiioonn..  
***
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CHAPTER--  1133  
 

Herbicides resistant crops 
  
 There are three main plant responses to herbicide application. Susceptibility 
is demonstrated when the treated plant dies as a result of a herbicide used at a 
normal rate. Tolerance is the inherent ability of a plant to survive and reproduce 
after herbicide treatment. This implies that there is no selection or genetic 
manipulation but that the plant is naturally tolerant- for example, grass tolerance to 
2,4-D or carrot tolerance to  trifluralin. Resistance, as defined by the Weed Science 
Society of America, is the inherited ability of a plant to survive and reproduce 
following exposure to a dose of herbicide normally lethal to the wild type. Resistance 
may occur naturally or be induced by selection pressure. 
 Within resistance there are three subcategories used to describe particular 
types of resistance. Cross-resistance occurs when a plant selected for resistance to 
a specific herbicide is also resistant to other herbicides within a similar chemical 
group (such as resistant to atrazine and to other s-triazines as well). Multiple 
resistance occurs when a plant is resistant to herbicides that are chemically 
unrelated and that have different modes of action (such as a well resistant to both 
sulfonylurea and aryloxyphenoxy propanate herbicides). Negative cross resistance 
occurs when a biotype resistant to a particular herbicide is more susceptible to other 
classes of herbicides than the susceptible biotype- for instance, an atraxzine-
resistant redroot pigweed (Amaranthus retroflexus) that is more susceptible to 
flometuron (cotoran/meturon) that the triazine-susceptible biotype. 
 
Herbicide Resistant Crops 
 
 The use of biotechnology to develop crop plants with new resistance to 
herbicides, notably broad-spectrum herbicides such as glyphosate, has had a 
significant impact on weed control practices. This will continue as the ability to 
manipulate herbicide tolerance using these methods expands: More genes for 
herbicide resistance are being developed and the number of crops that can be 
genetically modified in this way is increasing. Indeed, it is possible that this approach 
will change the manner in which herbicides are developed. Rather than identifying a 
herbicide with selectivity, genes for resistance to specific herbicides (including new 
ones) may be incorporated into specific crops. 
 There are three principal requirements for manipulating herbicide resistance 
in plants through biotechnology: 

1. Identification of a gene that can provide resistance to a herbicide 
2. Modification of this gene so that it can be expressed in the target crop plant  
3. Transfer of the modified gene into the crop plant. 
 

Each of these components has been developed over the last 15 years as our 
understanding of plant biochemistry, physiology, and molecular biology has 
increased. The application of genetic engineering to herbicide resistance is the first 
major commercial success in agricultural biotechnology. However, there is 
tremendous potential for genetic manipulation of crop plants to impact crop 
production practices as well as the downstream uses of agricultural products. 
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Identification of Genes for Herbicide Resistance 
 
 Plants use a number of mechanisms to tolerate herbicides, including reduced 
uptake of the herbicide, increased metabolism, and a target site that is not affected 
by the herbicide. Conceptually, genes could be identified that would alter any of 
these steps to provide resistance to a specific herbicide. In practice, the two 
mechanisms that have been favored for genetic engineering are modification of the 
target site and metabolism of the herbicide. The revolutionary aspect of this new 
technology is that genes for such traits need not come from the traditional germ 
plasm resources used by plant breeders. Rather, genes for herbicide resistance may 
be found in any organism, including microbes. Once identified, these genes can be 
isolated, modified to function appropriately in a plant, and transferred to the crop. 
 The strategy used to identify genes for herbicide resistance depends on the 
nature of the herbicide and its mode of action. An approach that has proven effective 
in many cases is to identify microbes that either survive in the presence of the 
herbicide or use the herbicide as a food source. There are a number of advantages 
to screening for herbicide resistance genes in bacteria: 

 Large numbers of bacteria can be tested through simple procedures, such as 
screening for bacteria that grow on agar medium supplemented with the 
herbicide. 

 Large collections of bacteria can be obtained simply from soil samples or 
other sources. 

 Genes that are responsible for herbicide resistance can be isolated rapidly 
because bacterial genomes are small and molecular genetic techniques 
facilitate this process. 

 
Modification of Genes for Expression in Plants 
 
 Genes carry two essential pieces of information. First, they carry information 
to produce proteins. The sequence of bases in the DNA is decoded by the cell to 
direct the synthesis of a specific protein. The machinery of the cell first transcribes 
the sequence of bases in DNA into a similar sequence of bases in RNA.  This is then 
translated into a sequence of amino acids in the protein. The DNA code for proteins 
is essentially the same in all organisms, from bacteria to plants and animals. 
Consequently, a gene transferred from a bacterium to a plant will encode the same 
protein if the gene is expressed. 
 In addition to carrying the code for a specific protein, each gene also carries 
instructions about where, when, and to what level that gene should be expressed- 
that is, activated or switched on. These regulatory features are critical for the 
function of all organisms. The regulatory information is also carried in the sequence 
of bases in the DNA and is referred to as the promoter. The promoter of a gene 
determines where and when that gene is expressed and whether the protein will be 
made in abundance or at a low level. However, unlike the codes for proteins, 
regulatory instructions are not the same from one organism to another. 
Consequently, genes transferred between organisms will not be expressed unless 
the promoters are tailored to work in the host into which this gene is being moved. 
For example, a gene isolated from Salmonella typhimurium, a bacterium, will not be 
expressed in a plant unless the promoter that controls its expression is altered to 
function in plants. 
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 Genes that are used to provide tolerance to herbicides through biotechnology 
are therefore comprised of two essential components: 

1. A DNA sequence encoding a specific protein that will either metabolize the 
herbicide or provide a target that is not inhibited by the herbicide 

2. A promoter sequence that will direct the expression of this protein in particular 
tissues of the plant. 

 
The process of gene transfer is commonly referred to as transformation. 

Cells that have taken up a gene by this method, and plants that are regenerated 
from these cells, are described as transformed or transgenic. The term genetically 
modified organism (GMO) is also used to describe transgenic organisms, including 
transformed plants. Genes that are transferred into plants are known as transgenes. 

The various techniques used to transform plants include a number of common 
steps: 

 A tissue is selected from which fertile plants can be regenerated through 
tissue culture. 

 The desired gene(s) are transferred into as many cells as possible in this 
target tissue. 

 Selection is used to identify transformed cells. 

 Plants are regenerated from transformed cells. 

 Transgenic plants are analyzed to confirm that the genes have been 
transferred, are being expressed as expected, and are having the desired 
effect on the phenotype of the plant. 

 
Transformation of most plants has used either Agrobacterium tumefaciens or 

particle bombardment to move genes into the plant. Agro bacterium tumefactions is 
a soil bacterium that has the unique ability to transfer DNA from the bacterium into 
plant cells. In nature the bacterium uses this ability to modify plant cells to produce 
compounds that the bacterium can use for growth. For genetic manipulation of 
plants, Agrobacterium can be used to transfer specific genes into plants without the 
deleterious effects normally associated with this bacterium. Until recently, 
Agrobacterium could not be used for transformation of most crop plants. 
Consequently, other methods were developed to transfer genes into these species, 
the most widely used being particle bombardment. Metallic particles are coated with 
the genes (pieces of DNA) to be transferred into the plant and these DNA-coated 
particles are literally shot into the plant cells. Once inside a cell, the DNA is released 
from the particle, moves into the nucleus, and incorporates into the genome. Particle 
bombardment can transfer DNA into essentially any species, as it relies on physical 
methods to move DNA, unlike the biological system used in Agro bacterium-
mediated transformation. 

The final step is to confirm that the transgenic is performing as expected. For 
herbicide tolerance, this involves demonstrating that transgenic plants have 
tolerance to field applications of the herbicide while maintaining suitable agronomic 
properties. The transgene must also be stably expressed in all plants and from 
generation to generation.  

The time required to progress from the initial transformation of plant cells to 
release of a new variety is likely to be at least 5 years. However, once the new 
herbicide tolerance gene is incorporated into elite breeding material, it can be 
handled simply as another trait that must be followed during variety development. 
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HERBICIDE - RESISTANT CROPS IN THE MARKET OR IN DEVELOPMENT 
 

 Herbicide-resistant crops that have been released or are being developed are 
listed below. As shown, most major crops and several minor crops are being 
developed for resistance to many widely used herbicides. 
 The acreage of the major herbicide-resistant crops has shown a tremendous 
increase since 1996, and world acreage projection suggest that increased production 
of these crops will continue in the future. Farmers have accepted this new 
technology with great excitement, especially in the United States, because of its 
effectiveness, ease of use, and ability to reduce input costs.  
 
Major herbicides for which transgenic herbicide- resistant cultivars  have been or are 
being developed 
 

Herbicide Herbicide-Resistant Plant Species 

Bromoxynil Cotton, potato, tobacco. 

Glyphosate Sugar beet, corn, cotton, potato, oilseed rape, soybean, tobacco, 
tomato, winter and spring wheat, barley, rice.  

Glufosinate Alfalfa, sugar beet, corn, barley, peanut, rice, sugarcane, soybean, 
tomato, wheat, durum wheat, rye. 

Sulfonylureas Corn, cotton, tobacco, tomato. 

Imidazolinones Corn, wheat, rice, sugar beet, sunflower, sugarcane, soybean. 

2,4-D Potato, cotton.  

Sethoxydim Corn. 
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 EXERCISE NO. 1 

Date: ……………… 
Identification of weeds 

 
Sr. 
No. 

Common name Scientific Name Family 

1.  Quack grass Agropyron repens  

2.  amaranthus Amaranthus viridis  

3.  Wild oat Avena fatua  

4.  White cock’s comb Celosia argentea  

5.  Lamb’s quarter Chenopodium album  

6.  Field bind weed Convolvulus arvensis  

7.  Bermuda grass Cynodon dactylon  

8.  Day flower Commelina benghalensis  

9.  Purple nutsedge Cyperus rotundus  

10.  Eclipta Eclipta alba  

11.  Jungle rice Echinochloa colonum  

12.  Phyician’s spurge Euphorbia hirta  

13.  Foxtail weed Pennisetum purpureum  

14.  Little seed canary grass Phalaris minor  

15.  Johnson Grass Sorghum halepense  

16.  Mexican daisy Tridax procumbens  

17.  Wild sage Lantana camera  

18.  Kans grass Saccharam spontaneum  

19.  Prickly brinjal Solanum xanthocarpus  

20.  Cocklebur Xanthium strumarium  

21.  Spiny amaranth Amaranthus spinosus  

22.  Spreading hog weed Boerhavia diffusa  

23.  Egyptian crowfoot grass Dactyloctenium egypticum  

24.  White sweet clover Melilotus alba  

25.  Touch-me-not Mimosa pudica  

26.  Yellow foxtial Setaria glauca  

27.  Indian acalypha Acalypha indica  

28.  Prickly-chaff Flower Achyranthes aspera  

29.  Mexican Poppy Argemona mexicana  

30.  Indian purslane Portulaca oleracea  

31.  Wetland amaranth Alternanthera sessilis  

32.  Jimson weed Datura stramonium  

33.  Carrot grass Parthenium hysteroporus  

34.  Dodder Cascuta Spp  
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35.  Broom rape Orobanche cernua  

36.  Witch weed Striga Spp  

37.  Water fern Salvinia molesta  

38.  Water lettuce Pistia lanceolata  

39.  Alligator weed Alternanthera sp  

40.  Noble cane Saccharum spontaneum  

41.  Bringraj Eclipta alba  

42.  water hyacinth Eichornia crassipes  
43.  wild mustard Brassica kaber  
44.  Chick weed Stellaria media  
45.  Prickly Pear Opuntia dellini  

46.  Dronapushpi Leucas aspera  

47.  Common vernonia)) Vernonia cinera  

48.  Goose grass Eleusine indica  

49.  Wild poinsettia Euphorbia geniculata  

50.  Chicory Cichorium intybus  

51.  Wild plum Zizyphus rotundifolia  

52.  Digera Digera arvensis  
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EXERCISE NO. 2 
Date: ……………… 

Collection and preparation of herbarium of weeds 
 

Herbarium 
  Herbarium is a collection of plants that are dried, pressed and 
preserved on herbarium sheets and arranged in sequence in accordance of 
specific purpose for future reference, record and study. 
 
Objectives 

1. How to collect weed specimens. 
2. Steps in preparation of herbarium. 

 
Materials required 

1)  Sharp knife / scalpel – for cutting 
2)  Vasculum – It is a container made up of wood having a lid to keep the 

specimen in turgid condition. 
3)  Plant press 
4)  A weed note book 

 
Herbarium collection 

1)  Collect the plant material at flowering stage 
2)  It is desirable to maintain all the plant parts intact (leaf, stem, flowers, 

fruits) 
3)  Collect fresh part of the plant but not diseased preferably apical part. 

 
Herbarium pressing and drying 

1. The wooden press board consist of 2 wooden plates of 12”x13” each 
which are tighten with nuts on bolts for pressing. 

2. Placing each of the collected specimens in between the folds of the 
newspaper for blotting. 

3. Ensure that plant is maintained. 
4. The specimen in newspaper folds are to be arranged on the lower part 

of the pressing board. 
5. Place upper plate on the top and tighten upper and lower parts with 

nuts and bolts. 
6. Keep the specimen for 24 hrs for sweating of moisture. This is called as 

Sweating period. 
7. Ensure that the specimen is spread in the newspaper folds and if 

necessary the top portion should be bent during pressing. 
8. The large specimens are to be cut in 2 to 3 parts according to 

convenience the cut parts are to be arranged on separate sheets. 
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9. If the specimen can’t be directly dried they have to be preserved by 
preservatories. 

10. If the foliage is very thick, it has to be pruned assuring that the portion 
of the cut parts are identified. 

11. If the leaf is large, cut it vertically into 2 halves use one of the portions 
as specimen. 

12. The newspaper/bolting paper changed after 12 hrs in first incidence 
and these after 24 hrs, 48 hrs and 72 hrs is done till the specimen is 
dried completely. This is called Natural drying. 

13. In artificial drying, after sweating period specimens are direct in hot air 
oven by maintaining 620C. 

 
Herbarium mountings 

1. Thick herbarium sheets of 11 ½” x 16 ½ “are used for mounting. 
2. Keep the specimen in centre and spread properly. 
3. Fix the specimen to the mounting sheet with glue / gum / tape. 

 
Herbarium labeling 

1. Label the specimen in the space provided 4 ½ x 3 ½ on lower right side 
of the herbarium sheets. 

2. The label information should have details of botanical name, local 
name, family, habit, habitat and name of the student. 

3. Arrange the herbarium by group into terrestrial and aquatic weeds, sub 
group them into monocots and dicots and further into annuals, 
biennials and perennials. 

4. Number the herbarium sheets, serially on the top right corner of the 
sheet. 

5. Write the index for it. 
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EXERCISE NO. 3 
Date: ……………… 

Herbicide label information 
 
  The information on an herbicide label is very important. It helps 
applicators make sound decisions on herbicide storage, handling, application, 
and disposal. Every herbicide container carries certain information on its 
label. This information includes the trade name, technical name, composition, 
manufacturer’s address, registered uses, date of packing, date of expiry, and 
toxicity label, and is mandatory under the Insecticide Act, 1968   
 Material safety data sheets (MSDSs) are developed by product 
manufacturers. These are a major source of information on herbicides. MSDSs 
are not legal documents. The information on a MSDS is based on research 
data. This supports label information. MSDSs also have information to protect 
human health and the environment. MSDSs help applicators to make 
informed decisions on handling, applying, and storing herbicides. 
 
Objectives 

1.  To acquaint with the information on herbicide product labels. 
2.  To use the information on Material Safety Data Sheets (MSDSs). 

 
Components of a Label 
  A herbicide label has two parts  

1.  The front or principal display panel  
2.  The back or secondary display pan 

 
Principal Display Panel 
  The principal display panel is the front of an herbicide product label. 
This panel contains information to identify an herbicide in a number of ways. 
There are nine items on the principal display panel 
 
List of items on principal display panel 

1.  Trade name or product name 
2.  Class designation 
3.  Use or purpose 
4.  Registration number (P.C.P. Act number) 
5.  Guarantee statement 
6.  Directions to read the label 
7.  Precautionary shapes, symbols, and pictograms 
8.  Net contents 
9.  Name and address of the registrant 

 
Trade name or Product name: 
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  The trade or product name includes 
A.  The brand name or trade name registered with the Pest Management 

Regulatory Agency 
B.  The formulation of the herbicide (this is either printed in full or shown as 

an abbreviation 
C.  A description of use. This herbicide is a herbicide used to control weeds. 

 
2.  Class designation 
  There are four classifications (Domestic, Commercial, Restricted, 
Manufacturing). 
 
Domestic Class 
  Domestic class herbicides are registered for home use. They are 
packaged in small containers for a single application or use season. Domestic 
class herbicides pose a low risk to users or the environment 
 

 
 
Commercial class (Agricultural or Industrial) 
  Commercial class herbicides are designed for use in farming, forestry, 
industry, or other commercial uses. Commercial class herbicides can pose a 
greater risk because of the greater concentration of the active ingredient or 
larger container size 
 
Restricted class 



 73 

  Restricted class herbicides have more limits than Commercial class 
herbicides 
Manufacturing class 
  Manufacturing class herbicides are used in manufacturing, formulating, 
or repackaging. They are not designed for general use. 
 
3.  Use or Purpose 

The use of an herbicide refers to the type of pest it is intended to 
control. This use (e.g. as an insecticide, a herbicide, or a fungicide) will always 
be clearly stated on the principal display panel of a herbicide label. 
 
4.  Registration number (P.C.P. Act Registration number) 
  It can appear as REG. NO. 12345 P.C.P. ACT or registration number 
12345. This number can be used to find an herbicide’s Chemical nature, 
poisoning symptoms, first aid treatment information, and environmental 
toxicity. 
 
5.   Guarantee 
  The guarantee gives the common name of the active ingredients and the 
concentration of each. The active ingredient is the part of the herbicide that 
controls the pest. 
 
6.   Directions to “Read the Label” 
  READ THE LABEL BEFORE USING. The label contains key 
information on proper storage, handling, and use 
 
7.  Precautionary Shapes, Symbols and Signal Words 
  Symbols (shapes and pictograms) and signal words indicate the type of 
hazard posed by a given herbicide. These are regulated under the Pest Control 
Products Act and must be included on the label. 
  A toxicity label on a container conveys the toxicity hazard of the 
herbicide to mammals, mainly human beings, which is shown in a square or a 
diamond, divided into two equal inverse triangles. The lower triangle is 
brightly coloured whereas the upper contains warning words and signals. 
  There are four toxicity classes of herbicides, which are represented by 
bright red, yellow, blue and green colours in the lower triangle—their toxicity 
decreases in that order. The hazard ratings or the toxicity classes, are based 

on the acute toxicity represented by LD50 (median lethal dose) values. The 
LD50 value is nothing but "the dose of the herbicide (active ingredient) 
required to kill 50 per cent of the test population, generally rats, when orally 
treated," and is expressed as mg/kg of the body weight. 
  Lesser the LD50 value more toxic the herbicide is and vice versa; e.g an 
herbicide with a LD50 value of 10 will be more toxic than the herbicide having 
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an LD50 value of 100—in other words, for a person weighing 60 kg a dose of 
600 mg of active ingredient of the former category of herbicide will prove 
fatal, whereas in the latter case a dose of 6000 mg is required for the same. 
Except for Bt (Dipel, Halt, etc.) and plant-based formulations (neem 
formulations) and some new generation herbicides are provided with a 
green label. 
 

8.   Net Contents 
  The net contents indicate the amount, by weight or volume, of herbicide 
in a package. This is given in metric units (ml, L, g, kg, etc.). 
Draw the precautionary shapes, with information’s 
Draw the precautionary pictograms 
 
9.  Name and address 
  The name and address of the company or organization that registered 
the herbicide (registrant) must appear on the label 
 
Secondary display panel 
  The back or side of a label is called the secondary display panel. The 
secondary display panel may be a small booklet attached to the label 
 

List of items on secondary display panel 
 
10  Directions for use 
11  Precaution statements 
12  Disposal methods 
13  First aid 
14  Toxicological information 
15  Notice to user 
16  Notice to buyer 
 
Material safety data sheets (MSDSs) 

A Material Safety Data Sheet (MSDS) provides information on health 
hazards, personal safety and environmental protection for hazardous 
products. They are divided into nine sections. 
 
1.  Product information 
  Product information gives the trade name, chemical name, and primary 
use of the Product 
2.  Hazardous ingredients 

The active ingredient is listed in this section 
 
3.  Physical data 
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Physical data includes information on a product’s appearance, odour, 
specific gravity, pH, boiling point, etc. 
4.  Occupational procedures and prevention measures 

Occupational procedures and prevention measures provide information 
on safe handling and storage. 
5.  First aid and emergency procedures 

First aid and emergency procedures explain what to do if someone is 
exposed to the product. 
6.  Fire and explosion hazard 
7.  Reactivity data 

Special chemical properties of the product are given in this section. 
Acceptable storage temperatures are listed for the product. 
8.  Preparation date and group 

This section tells who prepared the MSDS and when it was done. MSDS 
s must be updated at least every three years, or within 3 months if a herbicide 
is changed. 
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EXERCISE NO. 4 
Date: ……………… 

Computation of herbicide doses 
 

  Herbicides are not substitution for physical, biological or good crop 
husbandry methods. They are used to bridge the gaps in these methods and 
herbicides are act as added production tools in agriculture. 
  Herbicides have ample scope to use on both croplands and non-
cropland. On croplands total quantity of chemical reaching the target area, 
where as in non-cropped area herbicide rates in terms of their spray 
concentration. 
  Over rates of herbicides may injure the leaf vascular tissues and thereby 
reduce the translocation of the applied herbicide to the weed roots. Under 
rates reduce control of all types of weeds. Uneven application of a herbicide 
may result in “hot spots” of localized over rates causing injury to the crop 
plants and “cold spots” of localized under rates, where poor or no weed 
control is obtained. 
 
Objectives 

1)  To calculate correct dose of herbicide 
2)  To study the different aspects (carrier, spray volume) related to herbicide 

dosage calculations. 
Rate of application: It is the amount of active ingredient or acid equivalent of 
herbicide applied to a unit area of land or water body. It is usually given in 
terms of kg ai/a.e/ha. 
Active ingredient (ai): A chemical in commercial product that is directly 
responsible for its herbicidal effect is called active ingredient. 
  Active ingredient of each herbicide concentrate or formulation is 
displayed by the manufacturers on the containers. The above ingredient may 
also give as percent by weight or volume. Eg. Herbicide concentrate 40% w/v 
contains 400g of active ingredient per litre of the liquid product. 
The amount of commercial product to be used  

=  Recommended dose x 100 
Active ingradient in product (a.i/a.e) 

Acid equivalent (a.e): Refers to that part of a formulation that theoretically 
can be converted to the acid. Eg. Some herbicide structures are active organic 
acids. 
  Eg. Phenoxyalkanoic, picloram, chloramben, cacodylic acid. But they 
are prepared in the form of their salts and esters for the ease of their field 
application. Eg: For instance 2,4-D in acid form is water insoluble then we 
have to use its sodium and amine salts and esters. The acid equivalent (a.e) of 
sodium salt of 2,4-D is 92.5%. It indicates that 2,4-D dichloro phenoxy acetic 
acid is 92.5% in sodium salt of 2,4-D. 
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  Liquid formulations may indicate both per cent active ingredient and 
acid equivalent on weight per litre. In such cases, the concentration in terms of 
acid equivalent may be considered. A commercial formulation of 2,4-D 
containing 700 g of deiethanolamine salt per litre would have a concentration 
of a.i 70 per cent, but the concentration in terms of acid equivalent will be a 
concentration of a.i 70 per cent, but the concentration in terms of acid 
equivalent will be: 
70 x      Molecular weight of 2,4-D acid   =   70 x 221  = 47.44 per cent 
      Molecular weight of 2,4-Deiethaianolamine          326 
 
The acid equivalent of a concentrate is always less than its content of a.i. 
Career (Diluents) 
  It is solid or liquid material used to increase the volume of a chemical 
compound. So it can be applied uniformly over the target area. The universal 
career of herbicide is water because of its negligible cost and freedom from 
interactions. Sometimes career oils are also used for a quick knock down effect 
of weeds in non-cropped area. Career oils having low surface tension (40), 
creep on the sprayed vegetation and enter into the crowns and rosettes of the 
grasses and sedges. Water with its high surface tension (75.0) proves superior 
on the dense growth of weed. Hard water should not be used for spraying as 
it may precipitate the herbicides. 
  In recent years air has been used as career. Motorized ground or aerial 
sprayers equipped with specially designed exhaust nozzles. The air atomizes 
the liquid concentrate into 30-150 micron diameter droplets and ejects them 
out of the nozzle. These are easily prone to drift by air but this can save 
labour, time and spraying cost. 
 
Volume 
  It refers to total quantity of liquid applied per unit area. The quantity of 
toxicant reaching the target weed or soil is more important than spray volume 
as much as. The toxicant is uniformly distributed over the target area. The 
spray volumes for herbicides have been classified into 5 classes from high 
volume to ultra low volume sprays. 
  The high volume spray provides thorough coverage of target plants to 
the point of runoff or drip. Eg: contact herbicides. 
  But translocated herbicides should be applied in low or medium 
volume sprays, because it is not necessary to wet the foliage completely. In 
dry weather, high spray volumes may prove superior to low volume sprays. 
High volume sprays are necessary to improve the solubility or suspend ability 
of herbicides. 
  Lately CDA (controlled droplet application system) have been 
developed to apply herbicides in as low as 10 l ha-1 with droplets of 250 
microns diameter. This is not susceptible to drift hazard. 
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EXERCISE NO. 5 
Date: ……………… 

Study of use of herbicide application appliances 

 
Objectives 

1.  To study the different Sprayers and functions of different parts of 
equipment 

2.  To calculate correct amount spray liquid needed per unit area. 
 
Major components of sprayers 
  The important components of sprayers are (i) pump (ii) powers source 
(iii) tank (v) agitator (vi) distribution system (vi) pressure gauge and (Vii) 
pressure regulator. 
 
Pump 
  Any spray liquid must be atomized before it leaves the spray nozzle. A 
pump provides the necessary pressure for this purpose. Two kinds of pumps 
are generally used in herbicide sprayers. 
 
Air compression or pneumatic pumps: These pumps force air into an airtight 
tank containing the spray liquid .The air pressure moves the spray liquid into 
the nozzle where it gets atomized before leaving the sprayers as fine spray. 
 
Hydraulic or positive Displacement pumps: These pumps take in a definite 
volume of spray liquid and force it through the delivery system under 
pressure. The pumps differ in the pressure they produce. 
 
Source of power 
  A source of power is needed to run the sprayer pumps this source of 
power may be (a) manual (b) traction (c) motor or (d) tractor and aircraft 
engines. 
 
Spray tank 
  A sprayer has either a built in tank or separate tank to carry the spray 
liquid. The tank should be large enough to avoid frequent refilling.Depending 
upon the kind of sprayer, the tank size varies from 25 to 2250 liters and 
sometimes even more. A tank is provided with a large opening, fitted with 
strainer and a cap to fill the spray liquid. Small tank opening can make filling 
and cleaning of the tank difficult. 
 
Agitator 
  Most spray tanks carry an agitator. It may be either a mechanical or 
hydraulic type. The agitator keeps the spray liquid components in 
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homogenous mixture. The mechanical agitators are usually made in the shape 
of metal rod with a fan or rings at its distant end. 
  In hydraulic agitation, there is a pipe with several side holes but closed 
at its free-end. It is placed in the spray tank and is fed under pressure with the 
spray liquid from the pumps. The jet of liquid thus formed provides the 
necessary agitation to the spray material. Hydraulic sprayers are provided 
only in large, tractor-mounted spray tanks. Agitators are most essential for the 
application of herbicide emulsions and suspensions. 
 
Distribution system 
  A distribution system of sprayer includes nozzles, spray lance (or spray 
boom) and hose. 
 
i) Nozzle: The function of spray nozzle is to break the pressurized spray 
liquid into droplets for application to the target. Nozzles are identified by 
their (1) droplet size, (2) delivery and (3) spray pattern that they produce. Of 
the three characteristics, the spray pattern is fixed for a given nozzle (except 

triple action nozzle). 
  There are at least six major types of nozzles in use for the application of 
herbicides. These are (a) flat-fan nozzles, (b) solid cone nozzles, (c) flood-jet 
nozzles, (d) low volume nozzles, (e) centrifugal nozzles, and (f) blast nozzles. 
  The droplet size and delivery of the nozzle will vary with the pump 
pressure. These droplets are classified according to their Volume Mean 
Diameter (VMD)* as follows: 

Aerosol = below 50 micron 
Mist = below 100 micron 

Fine spray = 101-200 micron 
Medium spray = 201-400 micron 
Coarse spray = Over 400 micron 

  *In general, smaller the spray droplet size, more the herbicidal 
phytotoxicity. The flat-fan nozzles are again of two types, (a) the ‘tapered 
edge’ and the (b) rectangular pattern’ nozzles. The tapered edge nozzles 
provide an even application of herbicides on the soil surface; the rectangular 
pattern nozzles are good for their band applications. The flat-fan nozzles of 

both kinds lack the vegetation penetrating capacity. These are, therefore, 
preferred for the pre-emergence application herbicides. However, these can 
also be used for post emergence application of the translocated type of 

herbicides which do not require penetration of the weedy vegetation. 
  The solid cone nozzles provide good vegetation penetrating ability to 
the sprays, these are useful for application of the contact type of herbicides on 
dense, weedy patches as spot treatment 
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  The flood-jet nozzles produce medium droplet sprays, reducing their 
drift hazard potentials. These nozzles are commonly used for sub-surface 

application of herbicides. 
  The low volume nozzles are designed to apply herbicide concentrates 
without much dilution. 
  The centrifugal nozzles are meant for spraying viscous spray liquids 
like invert emulsions. Motorized mist blowers employ blast nozzles which 
feed the spray liquid into the air stream to split it into droplets and carry them 
as mist, off the delivery pipe. 
 
(ii) Lance: It is a brass rod, about 90 cm long, attached to delivery hose of the 
sprayer and fitted at its free-end with a replaceable nozzle. In many cases the 
spray lance is bent at the nozzle end to form a goose neck. At the hose-end it is 
provided with various types of trigger mechanisms to shut-off the flow of the 
liquid. For specific purposes, the spray lance may be fitted with plastic shields 
at its nozzle end to prevent spray drifts. 
 
(iii) Boom (or spray bar): A boom is essentially a horizontal pipe with two to 
several nozzles on it. Usually, these nozzles are spaced 50 cm apart. The 
boom length (distance between nozzles at the two ends of the boom) may 
vary from 1 m to 15 m. Short booms with 2 or 3 nozzles are used with manual 
sprayers, while the longer ones are attached to the tractor mounted sprayers. 
A spray boom obviously covers in each trip a wider spray swath than a lance. 
(Spray swath is the total width of land wetted by a boom. It is slightly more 

than the boom length). The vertical height of the boom and nozzle spacing on 
the boom can be adjusted to obtain uniform overall spray, or a directed spray, 
or a band spray of the herbicide, as per requirement. 
 
(IV) Pressure regulator: Power-driven sprayers are usually fitted with a 
pressure regulator so as to push the liquid at a constant, desired pressure. 
Without a pressure regulator, a nozzle will deliver more liquid at one time 
and less at the other, in the same trip. Moreover, some herbicides are 
prescribed to be applied at specific pressures to obtain best results. 
 
Kinds of sprayer 
Knapsack sprayers: Knapsack sprayers are loaded on the back of the worker 
during the operation. Usually they carry metallic tanks, but these are also 
available with plastic tanks to reduce weight. The plastic tanks are prone at 
damage by rats though. Three types of knapsack sprayers in vogue today are: 
(i) hydraulic sprayers, (ii) manual pneumatic sprayers, and (iii) motorized 
pneumatic sprayers. 
i) Hydraulic knapsack sprayers: A hydraulic knapsack sprayers is a manually 

operated sprayer which works under hydraulic pressure. Its tank capacity is 
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up to 15 litres, with provision for mechanical agitation of the spray liquid. 
One tank full of spray liquid can cover an area of about 600 sq m. The worker 
uses his left hand to operate the lever handle of the sprayer as the lever 
maintains constant pressure. The output is usually 0.4 ha per man day But it 
is possible to obtain higher output by replacing the lance with a 2-3 nozzle 
boom. The hydraulic knapsack sprayer is primarily a high volume sprayer, 
unless special low volume nozzles are fitted to it. It can develop a pressure of 
up to 12 kg cm-2, but with practice one could spray at 3 to 4 kg cm-2 pressure 
to prevent a possible spray drift. Hydraulic knapsack sprayer is a low cost, 
easy to maintain, and a small holding farmer sprayer. It is particularly 
satisfactory for spot treatment, band application of herbicides and blanket 
application if it is provided with boom. 
  The main drawback of a hydraulic knapsack sprayer is its three way 
tiring action on man, viz, a load on the back, one hand engaged in operating 
the pump, and the other one in directing the lance. 
ii) Pneumatic or compressed system knapsack sprayers: Pneumatic knapsack 
sprayers are comparatively easy to work with since they are pressurized 
before loading on the back of the worker. This allows a free hand to the 
operator. The tank is first filled to about 2/3 capacity with the spray liquid 
with a built in pump, separate charge pump or CO2 cylinders. A big 
drawback of pneumatic sprayers is the decreasing spray work is advanced. 
This may cause uneven spray. Also, the mouth of these sprayers is small 
which makes cleaning of the tank cumbersome 
  The pneumatic knapsack sprayers are useful tools to spray herbicides in 
odd situations like paddy fields, jute fields, hilly terrain, and water banks. 
iii) Motorized pneumatic sprayers (= Blowers): A motorized pneumatic 
sprayer is a low volume sprayer suitable for spraying concentrated spray 
liquids. The blast of air acts as carrier of the herbicide concentrates in these 

sprayers, which are, therefore, also called blowers. The air is forced-through 
the spraying jet of the delivery hose of the blower and a nozzle tube ejects the 
spray liquid in this blast. The air blast atomizes the spray liquid into fine 
droplets. Thus, in these sprayers air acts as the carrier. Faster the air is 
pumped into the spraying jet, more vigorous is the atomization. The 
equipment is fitted with petrol engine of about 1.2 H.P. 
 
Foot operated sprayers 
  The pump in the foot sprayer consists of a pump barrel and a pressure 
chamber. The plunger with a suction cup or piston drives into the pump 
barrel, thus sucking the liquid into the pressure chamber and expelling it 
through the discharge line. 
 
Calibration of boom sprayers 
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Steps in the calibration of sprayers 
  To determine the exact quantity of water required for an area, adopt the 
following steps in sprayer calibration. 
 
 
Step.1. Prepare the sprayer. 
  Check the sprayer and its parts and ensure that it is in good working 
condition. Fill the sprayer tank with a known quantity of water (say 3 litres.). 
 
Step.2. Mark a test area 
  Mark out a test area in the field. The land surface used for calibration of 
sprayer must be similar to the field to be sprayed. Mark the starting point 
with a stake. 
 
Step.3. Conduct the test run 
  Work the lever of the hydraulic sprayer a few times and develop 
enough pressure. Establish on optimum spray swath by adjusting the height 
of the nozzle. Always maintain constant nozzle height while spraying. After 
observing these preliminaries, position the nozzle at the stating point and 
make the test run. Walking must be at a comfortable pace while spraying, and 
this speed must be maintained throughout calibration, and later in actual 
spraying. When the water in the sprayer is completely sprayed, measure the 
length and breadth of the test area sprayed. Check whether and quantity of 
water is left in the tank. If so, measure it, subtract it from the original quantity 
taken, and arrive at the correct amount of water consumed. 
 
Step.4. Calculate the application rate 
  Calculate the amount of water required for 1 ha from the following 
relationship. 
 
Volume of water required (L/ha) =  Volume sprayed (l) 

Area sprayed (ha) 
 

Area sprayed (ha) = spray swath (m) x distance travelled (m) 
10,000 

Eg: - The following details have been generated from a sprayer calibration 
attempt. Spray swath – 1.2 m; distance travelled – 60,; and volume sprayed – 
3L. Calculate the volume of water required for spraying 1 ha. 

 
Amount of water required for 1 ha =  3 x 10,000 = 417 litres. 

1.2 x 60 
As a next step calculate the number of sprayer loads required for 1 ha. 
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Number of sprayer loads/ha = Volume of spray solution required (l) 
Sprayer capacity (l) 

In the above example, if the sprayer capacity is 13 litres, then 
 
Number of spray loads/ha = 417 = 32 

        13 
  The spray man should adjust his walking speed and discharge rate of 
sprayer so as to complete the spraying with the spray loads computed, based 
on the total volume of water fixed. 
 
Boom sprayer calibration 
  Three factors govern the amount of spray liquid applied through a 
boom sprayer. These factors are: swath width (W); nozzle discharge rate 
(NDR); and the ground speed (S). The nozzle capacity is governed by the size 
of the nozzle and the pressure developed at the nozzle by the pump. The 
nozzle manufacturers provide data sheets showing the nozzle capacities at 
variable pressures. Alternatively, a blank run can be made for a minute and 
the discharge collected at a constant pressure can be measured. For a given 
spray pressure, the above variables of application rate (R) of the spray liquids 
are related as follows: 

 
R (1/ha) = 600 x NDR (1/min per nozzle) x N (No. of nozzles) 

W (m) x S (Km/hr) 
 
Band application rate (1/ha) = Band width (cm) X Broadcast rate (1/ha) 

Row spacing (cm) 
 
A (ha) = W (m) x T (hr) x S (km/hr) x 0.1 
 
Area (ha) hr-1 = Walking speed (km hr-1) x m km-1 x Spray width (m) 

m2 ha-1 

 
T (hr) =  A (ha) x 10 
     W (m) x S (km hr-1) 
 
The area sprayed (sq. m) = Distance travelled (m) x swath width (m) 
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EXERCISE NO. 6 
Date: ……………… 

Demonstration of methods of herbicide application 
Objectives 

1. To acquaint with different application methods of herbicides 
2. To acquaint with precautionary measures in order to avoid the 

herbicide injuries 
 
Classification based on methods of application of herbicides 
  Methods of application of herbicides are decided largely by their mode 
of action and selectivity. Important methods of application of herbicides to 
crop and non-crop lands are given, as follows 
 
Soil-active and Foliage-active Herbicides 
 
Soil-active herbicide 
A soil-active herbicide is one that is applied primarily to the soil rather than to 
the vegetation. Therefore, in crop fields a soil-active herbicide eliminates early 
weed-crop competition for the period of 4 to 8 weeks, depending upon the 
herbicide and its rate used. The soil-active herbicides are applied at the times 
of planting of crops, and to the weed free inter-rows of established crops to 
obtain extended period of weed control. eg. simazine, alachlor, trifluralin, 

and EPTC. On non-crop lands, the soil-active herbicides used are soil 
sterilants and fumigants 
 
Different soil application methods 
 
Surface application: Soil active herbicides are applied uniformly on the 
surface of the soil either by spraying or by broadcasting. Where they may be 
either left undisturbed or incorporated into the soil, physically. Eg. Many 
substituted triazines, urea, and anilide herbicides Eg. EPTC and fluchloralin, 
trifluralin and nitralin 
 
Sub-surface layering: It is the application of an herbicide in a concentrated 
band, about 7- 10 cm below the soil surface. The technique has proved 
effective in controlling perennial weeds like Cyperus rotundus and 
Convolvulus arvensis. Eg Carbamate and nitralin herbicides. The useful in 
orchards and vineyards, besides certain wide-row crops like sugar beet and 
tobacco. 
 
Band application: The band application of an herbicide constitutes its 
application to a restricted band along the crop rows, leaving an untreated 
band in the inter-rows. The band application of herbicides is primarily a cost 
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saving device since it reduces the quantity of herbicide in the ratio of the 
treated band width to the crop row width. 
 
Soil fumigation: Herbicides used for fumigation are called as fumigants. 
Depending upon the nature of the soil fumigant, it can be applied either (1) by 
soil injection (Example, chloropicrin) (2) by releasing it under sealed, plastic 
covers (Example, methyl bromide) or (3) by direct soil surface application (Eg. 
Metham). 
 
Herbigation: Application of herbicides with irrigation waters both by surface 
and sprinkler systems. In India farmers apply fluchloralin for chillies and 
tomato, while in western countries application of EPTC with sprinkler 
irrigation water is very common in Lucerne. 
 
Methods of application of foliage-active herbicides 
  A foliage-active herbicide is applied to weeds after their emergence 
from the soil. They are absorbed by the plant foliage and these are 
translocated to the other plant parts. Eg 2,4,5-T, paraquat, diquat, MCPB, 
amitrole, and herbicidal oils are common examples of foliage-active 
herbicides. 
*There may be some herbicides that are both soil-active and foliage-active, 
for example, 2,4- D, picloram, and atrazine. 
 
Blanket application: Blanket (or over-the-top) it is uniform application of 
herbicides to standing crops with disregard to the location of the crop plants. 
Only highly selective herbicides are applied by this method, e.g. 2,4-D in 
wheat, rice, MCPB in pea, 2,4-DB in Lucerne and picloram in sugarcane 
 
Directed Spraying: It is the application of herbicides to weeds growing in the 
inter-rows of crops, avoiding the crop foliage as much as possible. Orchards 
and plantations are good venues of directed herbicide sprays. Usually, the 
directed spraying is adopted with herbicides that are partially selective to the 
treated crops. 
 
Protected Spraying: Non-selective herbicides can be employed to obtain 
selective weed control in distantly planted vegetables and ornamentals by 
covering the non-target plants before application of the herbicide with plastic 
or metallic covers. This method is called protected spraying. 
 
Spot treatment: Spot treatment is the application of herbicides to small 
patches of weeds, leaving the weed-free gaps untreated. This is used for 
treating patches of noxious, perennial weeds in certain crop fields with potent 
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herbicides. Spot treatment is of value also in the non-crop areas to prevent 
wastage of herbicide in the weed-free spaces. 
 
Methods of treating brush and trees 
  Brush weeds and unwanted trees are treated with herbicides by 
different methods,. Foliage treatment is the most common method of treating 
brush. 

i)  Foliage treatments: when the brush leaves are fully expanded, growing 
actively. Ground sprayers can cover up to 2.5 m high brush 

ii)  Basal bark treatment: A better method of dealing with tall brushes 
Basal – 30 cm of stem bark. Is peeled off then spraying is done to the 
point of liberal run-off 

iii) Cut stump treatment: It comprises sawing of the tree above the ground 
followed by liberal application of the herbicide on the cut surface. 

  Other ways by which the concentrated herbicides are applied to 
unwanted trees are, frill, notch, and injection methods. The frills and notches 
are made with sharp tools into the sapwood at convenient stem height and 
filled with herbicides. 
  The herbicide injections are made into holes made in the tree trunk. 
Usually, one herbicide injection per 2.5 cm stem thickness is adequate. The 
frill, notch, and injection methods are adopted on thick stem trees which are 8 
cm or more in diameter. 
 
Other methods of herbicide application 
 
D.C.A. (Direct contact application): D.C.A includes all techniques involving 
wiping, rubbing, and smearing of herbicide onto the target plant surfaces. 
  It may be achieved by using herbicide wax bars, herbicide cloth mulch, 
herbicide rouging gloves, etc. 
The herbicide laden wax bars are dragged against weeds growing much taller 
to the crop plants. 
Herbicide cloth mulches are spread in the crop inter-rows. 
The rouging gloves carry arrangement to smear herbicide on to the weed 
gripped by the worker. Many other ways of DCA of herbicides can be 
designed to suit specific situations. 
Soil injection: Herbicides like ethylene, carbon bisulphide, and vernolate are 
applied by soil injections, at prescribed spacings, before planting of the crops. 
 
Precautions in storage and handling of herbicides 

1. Store herbicides away from fertilizers, seeds, food, feed, and children, in 
cool and well ventilated places. 

2. The left-over herbicides must be retained in original, well labeled 
containers. 
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3. The container must be closed airtight to avoid herbicide caking, 
oxidation and fuming. 

4. The herbicide stores must be checked periodically for possible leaks. 
5. While preparing to use a herbicide, read the label carefully. Do not 

transport herbicides from store to the field on body; better use a hand 
trolley 

6. Prepare herbicide dilutions in open spaces, away from source of 
irrigation water. 

7. Wear rubber gloves, a pair of eye glasses, and cover your nose with a 
cloth. 

8. Always use a stick to stir herbicide solutions, and never your hand. 
9. Bury the empty containers deep in any wasteland. 
10. Keep lots of fresh water and soap handy to meet any emergency. 
11. In the tropics, a pair of shoes, gloves, sunglasses, a light head dress, and 

a cloth put around the mouth and nose, can be considered adequate 
precautions; 

12. Each worker must wear a long sleeve shirt and full trousers. 
13. Do not smoke or eat during and in-between the spray intervals. 
14. Also, never use mouth to blow the clogged nozzles. 
15. Bathe and wash the clothes thoroughly as soon the spray work is over 

for the day. 
16. If there is an accident, provide first aid to the patient and contact the 

nearest doctor at the same time. 
17. Lie down the patient in shade and remove his all tight clothings and 

masks. 
18. Wash the affected body parts immediately with plenty of fresh water 

and soap (do not use soap in the affected eyes). 
19. In the case of oral intake of a herbicide, induce quick vomiting by any 

locally available method. 
20. When a toxic herbicide has been inhaled, wash the nose and ask the 

patient to gargle with fresh water. 
21. Do not surround the patient, give him artificial breathing, if needed. 
22. When the doctor arrives, he must be shown all available literature of the 

herbicide in question to enable him to choose a proper antidote. 
23. Usually antidotes are available 
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EXERCISE NO. 7 
Date: ……………… 

Study of control of problematic weeds 

Scientific name: Cynodon dactylon 
Common name: Doob grass , bermuda grass, star grass 
Family : Poaceae 
Biology and habitat 
  It is one of the world worst weed. It occurs throughout tropics and 
subtropics and semiarid regions of world. A fine to robust stoloniferous 
perennial, mostly with rhizomes. Rhizomes can penetrate 40-50 cm in clay soil 
and 70-80 cm in sand. Foliage dense, 10-40 cm tall (rarely to 90 
cm). Leaves vary greatly in length from 3-20 cm. smooth or hairy on upper 
surface Inflorescence consist of 4-5 slender purple spikes of 10 cm long. Some 
varieties used as lawn grass/ it propagate vegetative more than by seeds. It is 
susceptible to competition and shading. Bermuda grass reproduces by seed 
production and through runners and rhizomes. A single shoot from a 
rhizome may cover 2.5 square m of soil surface in 150 days after its emergence 
Management: 

1.  Deep tillage during summer (desiccates by 7-14 days). 
2.  Bermuda grass growth can be reduced by increasing shade from trees 

and tall shrubs 
3.  Small patches can be dug out but all rhizomes and stolons must be 

removed. Solarization by plastic sheet is used in sunny locations 
4. Bermuda grass can be controlled by grass-selective herbicides like 

sethoxydim (Grass Getter), fluazifop (Fusilade, Ornamec, and Grass-B-
Gon), or clethodim (Envoy). 

5.  Deep tillage can be improved by application of dalapon, glyphosate (1.0 
- 2.0 kg / ha) and amitrole T. 

6.  Glyphosate and amitrole T are having less residual effect 
7.  Paraquat and diquat are more suitable under more intensive cropping 

as they are non residual type. 
8.  These chemicals could be applied one week before deep tillage. 

 
Cyperus rotundus (Purple nut sedge): Cyperus esculentus (Yellow nut sedge) 

Family: Cyperaceae 
  It is very persistent perennial sedge. It is considered as world’s worst 
weed as it occurs in 52 crops in 92 countries. It is native of India and widely 
distributed throughout tropics and subtropics. The slender underground 
runners grow out from the base of stem and form series of 
black irregular shaped or nearly round tubers which may growth up to 2 cm 
length. The tubers often sprout to produce new plants while still attached to 
the parent plant. Yellow nut sedge propagate through seeds whereas purple 
nut sedge propagates through tubers. In mixed stands, purple nut sedge is 
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distinguished by its red, reddish-brown, or purplish-brown loosely arranged 
inflorescence, dark green leaves which grow low to the ground with boat-
shaped leaf tips. Yellow nut sedge has a yellowish-brown or straw-coloured 
inflorescence which is arranged along an elongated axis in the shape of a 
bottle brush. It has pale green leaves which grow upright with long needle-
shaped leaf tips. 
  Each spike let is made up of 10-30 small closely crowded florets which 
ripen to form black triangular nuts, roots are fibrous and extensively 
branched. The rhizomes give rise to under ground tubers which proliferate 
intensively. Rhizomes do not give rise to new growth except through tubers. 
Most of the tubers grow in top 10 cm to 30 cm of soil Tubers store food for 
other parts of plants and they are effective means of propagation. New tubers 
are produced within 3 weeks after spouting of an individual tuber. It also 
propagates through seed. It is sensitive to shade and grows well in wet and 
dry soil and warm climates. It is a serious weed in many dry land irrigated 
crops. 
Management 

1.  Mechanical methods kill only top growth with little effect on tubers. 
Herbicides which translocates rapidly into tubers to prevent regeneration 
are most effective in controlling this grass. 

2.  Summer deep tillage 
3.  Solarization with 1000 guage black film 
4.  2,4 –D & MCPA at 2-5 kg/ha could control this grass. 
5.  Application of these in addition to trifluralin and exposing tubers or 

desiccation was more effective than herbicide alone. 
6.  In arid areas it was found that deep cultivation in summer supplemented 

by 2,4 – D Sodium salt at 2-4 kg/ha before onset of monsoon completely 
controls this grass as it checks the regeneration. 

7.  In humid areas fallow tillage should be shallow and it should be repeated 
at 18-20 days interval as it is at pre-flowering stage when the food reserve 
are at low 

8.  Glyphosphate 1 kg/ha is more effective than many foliage applied 
herbicides. 

9.  Paraquat kills the top but repeated application would deplete the tubers 
of food reserves and gives better control. 

10.  Atrazine is particularly good for the control of seedling nutsedge. 
11.  Soil fumigation with metham or MB for treating nurseries and pot weeds 
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EXERCISE NO. 8 
Date: ……………… 

Control of parthenium 

Scientific name: Parthernium hysterophorus 
Common name: Carrot grass, congress grass 
Family: Asteraceae 
 
Biology and habitat: It is a noxious exotic weed which has spread to many 
parts for country covering 5 million ha. It is annual plant (thermo and photo 
insensitive). Reaching 2m tall in good soils, usually 50 to 150cm, germinating 
after rain at any season, flowering in 6 to 8 weeks, and senescing with drought 
or frost. the stem is branched and covered with trichomes. 
  Leaves are pale green, lobed, hairy, initially forming a basal rosette of 
strongly dissected leave that are up to 30 cm in length. Young roselles with 
their radial leaves closely press to the ground, allow no other species to come 
up in their vicinity. The number of leaves per plant ranges from 6 to 55. 
Flower heads are creamy white, about 4 mm across, arising from the leaf 
forks. 

Reproduces by small seeds lasting up to 20 years in soil, induced 
dormancy on burial the plant is capable of flowering when one month old and 
remains in flower for 6 to 8 months It produces 5000-10000 seeds/plant. The 
toxin parthenin is responsible for allergic dermatitis and mental depressions 
in human being. Plant prefer moist shady and organic rich habitat they have 
remarkable adaptation to environment extremes which exerts allelopathic 
influence on the neighboring plant species, the seed leachates inhibit 
germination of other weed seeds cause allergies and skin diseases. Seeds are 
light in weight and armed with pappus and disseminated by wind, water, 
birds and animals. It is not only an agricultural weed but also a municipal 
weed. 
Management 

1. Mechanical and cultural: Manual uprooting of Parthenium before 
flowering and seed setting is the most effective method. A plant in 
flower will aid in the dispersal of pollen grains, resulting in allergic 
reactions. 

2.  Ploughing the weed in before the plants reach the flowering stage and 
establishing pastures or other plants may be effective 

3. Competitive replacement of Parthenium can be achieved by planting 
species like Cassia sericea, C. sparsiflorus, Amaranthus spinosus, Sida acuta, 
Tephrosia purpurea, Stylosanthes scabra and Cassia auriculata, which will 
compete with the weed and reduce its population. 

4.  Similarly, planting Cassia tora will help to cover and suppress the 
growth of Parthenium. In certain parts of India, crop rotation using 
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marigold (Tagetes spp.) during rainy season, instead of the usual crop, is 
found effective in reducing parthenium infestation in cultivated areas. 

5.  2,4-D, paraquat provide effective control of weed. 
6. Pre-emergence application of atrazine, alachlor, butachlor prevent 

seedling emergence up to 2-5 months. 
7. Chlorimuron @0.2-0.4kg/ha and metasulfuron @0.003-0.0045 kg/ha as 

pre-emergence. 
8.  Already established vegetation: in non cropped areas 2,4-D esters @2-

5kg/ha or common salt @ 15-20% at actively growing stage. 
9.  Biological: The leaf-feeding beetle Zygogramma bicolorata and the stem-

galling moth. Epiblema strenuana are widely used in several countries to 
manage Parthenium. Z. bicolorata is now widely used in India to control 
Parthenium. The moth significantly reduces flower and seed production 
of the weed, especially at a young age. 
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EXERCISE NO. 9 
Date: ……………… 

Control of parasitic weeds 
Scientific name: Orobanche cernua 
Common name: Broom Rape 
Family: Orabanchaceae 
 
Biology and habitat 
It is a complete root parasite. O. cernua on tobacco and sunflower 
O. ramosa and O. aegyptiaca on tomata and like crops 
O. crenata on legumes eg broadbean 
O.ramosa is menace in brassica crops. 
 
Lossess due to Orabanche in tobacco is 30-35%. 

  It is a annual parasitic herb propagating by seeds. The host root 
exudates induce 
germination of broomrape seeds within the soil. The parasitic seedlings then 
infect the near by host roots by forming haustoria’s on them. Each plant may 
produce over half million seeds in short period of 8 weeks. They 
disseminate by wind, birds and farm animals. They remain dormant for 2-12 

years in the soil. Orabanche infests only fibrous roots of tobacco. It is first seen 
in tobacco main fields 45 DAT. It flowers 4-5 days later and ripens its seeds in 
another 20-25 days. 
 
Control 

1.  Sunflower hybrid- Sunbred 254 shows genetic resistance to this parasite. 
2.  Crop rotation with paddy 
3. Pepper, chilli, castor, maize and sesamum regarded as trap crops for 

some species of Orabanche. 
4.  Hand weeding at weekly interval is effective preventive measure. 
5.  Plant hole application of neem cake 25 g / plant or drenching of copper 

sulphate 5% provides partial control of Orabanche in tobacco. 
6.  Spraying of MH @ 0.75kg/ha about 40 DAT controls the 60-85% of 

Orabanche shoots. 
7. Allyl alcohol @ 0.1 – 2.0% spray about 2-4 weeks after transplanting 

proved to be effective for suicidal germination. 
 
Scientific name: Striga 
Common name: Witch Weed 
Family : Scrophulariaceae 
 
  It is an annual parasitic herb propagating from seeds. Witch weed is a 
small (3-18 inches tall), erect, annual, parasitic plant on the roots of various 
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plants. It has small scale-like leaves, green in the summer and turning black in 
winter, contrasting with the brown, tan, or green of other plant material. 
Flowers are reddish to purplish or white. Seeds are extremely small. Striga 
seeds require stimulus continuously for 24 -28hrs from host plant to trigger 
the germination of striga seeds. After germination it produces 2-3 mm long 
radicles. These radicles form haustoria’s and harm the host roots involving the 
whole root system of host plant. The affected crops look drought affected 

despite the presence of adequate soil moisture. After 20 days of subterranean 
life as a total parasite, it emerges through the soil as green plant. At this stage 
the plant become a partial parasite. Each Striga plant may produce a million 

seeds within 30 days of after emergence. Seeds are produced in enormous 
numbers and they are generally dispersed by wind, water, livestock and man. 
Striga causes a reduction of 15 -75% in the yield of sorghum and pearlmillet. It 
also attacks ragi, maize, sugarcane, tobacco, groundnut and sweet potato. 
  Striga leutica or Striga asiatica, Striga hermonthica, S. Densiflora are 
primarly attaching sorghum and pearl millet. Where as S. gesneriodes is a 
problem in cowpea. 
 
Management 

1.  Catch crops (short duration susceptible crops to be planted and 
destroyed before planting main crop. 

2.  Trap crops: Cotton sunflower, cowpea, groundnut and castor. 
3.  Application of FYM and compost tends to decrease the incidence of 

Striga 
4.  Striga invasion usually less in wet season and in densely sown crops. 
5.  Directed application of 2,4-D amine salt @ 0.5-0.75kg/ha 2-3 times during 

the crop season to destroy the flushes of striga in its vegetative phase. 
6.  Suicidal germination by strigol containing compound like GR 45 and GR 

7 @0. 1- 1.0kg/ha as pre-plant incorporation. 
7.  Ethylene @ 0.4 to 2.0 kg/ha is also used for suicidal germination. 
8.  The reduction in seed production from gall-forming Smicronyx spp. 

 
Scientific name: Cuscuta Chinensis 
Common name: Dodder 
Family : Colvolvulaceae 
 
Biology and habitat 
  It is a complete stem parasite, twining , golden yellow, wiry stems, 
rudimentary scaly leaves and small clusters of minute, bell shape flowers. The 
dodder stems contain carotenoid pigment capable of conducting only limited 
photosynthesis. Lucern is the main host of the dodder besides this it also 

parasitizes many species of treeses, hedges and ornamental plants. We have 
C. compestris, C. reflexa and C. hyaline are most common. Recently C. Chinensis 
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invaded niger in Orissa, lentil. In Hyderabd it parasitizes blackgram. 
Germination of dodder seeds does not require any stimulation from the 
host crop. A single dodder seedling can grow 2 km or more in length. Dodder 
is a prolific seed producer; each plant is capable of producing several 
thousand seeds. It can be disseminated by seeds and fragments with man 
and animals. 
 
Management 

1.  Use of clean crop seeds and crop rotations with wheat and gram. 
2.  Crop has been susceptible to pre-emergence application of fluchloraline, 

pendimethaline and metalachlor 
3.  Granular application of chlorpropham @ 2kg/ha or pronamide @ 

1.7kg/ha will prevent dodder development in lucern for 3-5 weeks. 
4.  The lucern plant at the time of treatment atleast 10cm tall and foliage 

should be dry. 
5.  Diclobenil @2kg/ha and DCPA upto 10kg/ha are used to control dodder 

in lucern grown for seed production not for forage production. 
6.  On trees and perennial hedge a high volume spray of 0.1% paraquat will 

kill dodder. 
7. Pronamide @2kg/ha about 25 DAS in niger crop found to be effective to 

control the dodder. 
 
Scientific name: Loranthus europaeus 
Common name: Loranthus (Bird vine) 
Family: Viscaceae 
  It is semi stem parasite on trees like mango, teak, casuarinas, sapota and 
jack fruit. 

Copper sulphate and 2,4-D combination applied in the holes on the 
stem of the trees are useful. Copper sulphate 8g and 1.0g fernoxone per tree is 
is effective. This treatment frees the tree from nfestationfor a period of up to 4 
years. 
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EXERCISE NO. 10 
Date: ……………… 

Control of aquatic weeds 

*Aquatic weeds are unwanted plants, growing in or near aquatic bodies 
such as canals, ponds, lakes, rivers, reservoirs etc*. 
  Eichhornia crassipes (water hyacinth) Salvinia molesta (water fern) Salvinia 
natans (Water fern) Nymphaea odorata (water lily), Nelumbo lutea (lotus) Hydrilla 
verticillata (hydrilla), Valisneria spiralis (tape grass or eel weed) Typha angustata 
(cat tail) Nympholdes, Potamogeton spp. (pond weed) pistia stratiotes (water 
lettuce) and algal weeds like Chara sp. Nitella sp. and bloomfarming blue-green 
algae are some important aquatic weeds. 
 
Scientific name: Eichhornia Crassipes 
Common name: Water hyacinth 
Family: Pontederiaceae 
  It is free flouting aquatic weed. It is a freashwater species 
  Introduced to India in 1986 from Brazil. Water hyacinth is a free-

floating perennial aquatic plant native to tropical South America. With 
broad, thick, glossy, ovate leaves, water hyacinth may rise above the surface 
of the water as much as 1 meter in height. The leaves are 10–20 cm across, and 
float above the water surface. They have long, spongy and bulbous stalks. The 
feathery, freely hanging roots are purple-black. The inflorescence is a distinct 
aerial spike growing to 30 cm an erect stalk supports a single spike of 8-15 
conspicuously attractive flowers, mostly lavender to pink in colour with six 
petals, the flowers have six stamens, and the fruit is a 3-chambered seed 
capsule. It reproduction mainly through vegetative propagation i.e stolons. 

The seeds remain viable for over 15 years in the bottom of soil each flower 
produce 3000 to 4000 seeds. Single plant is capable of infesting an area of one 
acre in a year. 
 
Management 

1.  Installation of sieves at the entry points of water from canals into paddy 
fields, to prevent infestation of free-floating weeds like water-hyacinth. 

2.  Mechanical methods like manual removal, cutting, chaining, dredging, 
netting, picking by machine, mowing burning and some of the 
mechanical methods to deal with aquatic weeds. However they are not 
economical 

3.  2,4-D, paraquat,diquat and amitrole are effective 
4.  2,4-D sodium amine and easter formulations are most effective @ 2-8 kg 

ha-1 
5.  2,4-D (4kgha-1) + paraquat (0.5kg ha-1) is more effective than 2,4-D 

alone. 
6.  Paraquat @ 0.5% solution with 200L spray solution/acre 
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7.  Amitrole-T @ 0.5 to 1.5% concentration. 
8.  Bio agents like Neochetina eichhorniae (weevil), N. bruchi and Sameodes 

albigultalis (moth) are used 
 
Scientific name: Typha angustata 
Common name: Cat tail 
Family: Typhaceae 
   
  The height is 1.5 - 2 m, and its leaf and stem standing erect. Leaves are 
thick, 5 -12 mm wide. It is perennial, tall grass like having no mid-vein. The 
spike resembles the tail of cat. Male and female flowers develop in dense, 
complex spikes on the same vertical stem. The male flower spike develops at 
the top of the vertical stem, above the female flower spike. The dense cluster 
of female flowers forms a cylindrical spike from 10 cm to as much as 40 cm 
long and 1 to 4 cm broad. Seeds are minute (about 0.2 mm long), and attached 
to a thin hair or stalk, which effects wind dispersal. This is propagated by 
rhizomes and by small air born seeds. Each spike produce 10,000-20,000 
seeds and seeds have longer viability. It is predominant in marshy area, ditch 
banks, Irrigation channels, waterlogged, drainage channels and brackish 
waters. 
 
Management 

1.  Dessication of ponds and tanks heavily infested with aquatic weeds by 
draining out water during summer. 

2.  Certain plants sp are very competitive in suppressing specific weeds. 
Typha sp can be controlled by Panicum purpurascens or Brachiaria mutica 
(Para grass) 

3.  Dalapon @ 2% concentration with spray volume of 1000 to 2000 1ha-1. 
4.  Dalapon + amitrole (15+3 kg ha-1) 
5.  Amitrole + TCA (5 + 10 kg ha-1) are very effective 
6.  Pre-emergence application of simazine or diuron to prevent seed 

germination on ditch banks, and drainage channels. 
 
Scientific name: Ipomoea aquatica 
Common name: Swamp Morning glory Chinese water-spinach or morning-

glory, water bindweed 
Family: Convolvulaceae 
 
  It is floating aquatic weed, herbaceous trailing vine with milky sap. 
Stems hollow, 3 m long or more, rooting at nodes, floating in aquatic 
situations Leaves alternate, simple , leaf blades generally arrowhead shaped 
but variable. Flowers showy, funnel form like morning – glory blooms, 
solitary or in few-flowered clusters at leaf axils; petals white or pink-lilac. 
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Fruit an oval or spherical capsule, woody at maturity, about 1 cm (1/2 in) 
wide, holding 1-4 greyish seeds, these often short-hairy. The extensive weed 
growth hinders pisciculture, navigation, sanitation etc 
 
Control measures 

1.  Certain fresh water Carp fish consume large quantities of aquatic weeds. 
Eg: Whiteamur (Chines grass carp) – Ctenopharyngodon idella is promising 
spp for aquatic weed control 

2.  Controlled by 2,4-D sodium salt (4 kg ha-1) + paraquat (0.5 kg ha-1) on 
activity growing vegetation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 98 

EXERCISE NO. 11 
Date: ……………… 

Weed control in non-cropped areas 

  Both mechanical and chemical methods are available for the weed 
control in non-crop areas. The choice will depend upon a number of factors. 
Probably, the most important of these is the situation of the operational area. 
Herbicides, for instance, will impart repulsive appearance to highways by 
browning the vegetation, whereas mowing and cutting will maintain the 
natural green look by letting the low grasses grow. High power rotary 
mowers are used for vegetation management on highway and ditch banks. 
But in many other non-crop situations, such as railway rights-of-way, 
petroleum farms, pavements, and air strips, herbicidal control is more 
convenient and desirable. In these situations, physical methods cannot reach 
the weeds easily, and their effects are not sufficiently long lasting. Herbicides 
are also important where bare soil is desired, for instance, under fence-rows 
and pipe lines, around electric and telegraph poles, observatory structures, 
forest fire-breaks, and asphalt and gravel walks. Such herbicides are called 
soil sterilants. 
 
Herbaceous vegetation management 

Chemicals 
Dosage 
kg/ha 

Vegetation controlled Remarks 

Dalapon and 
2,4-D 

0.5 to 1%. 
Grasses, sedges, cattails 
and broadleaf’s 

Chemical mixtures persi 
in soils for 4 weeks 

Picloram  
 

1-4 kg/ha 
Deep rooted broadleaf 
weeds 

Without undue injury 
grasses. 

Paraquat and 
Amitrole-T 
 

0.1-0.2% 
1.0 % 

 

Vegetation on ditch 
banks, irrigation 
channels 

Non-residual herbicides 

Prometryn  5-8 kg 
Perennial grasses and 
broadleaf 

Follow-up is necessary 

Glyphosate   1.12-3.36 
Roots and rhizomes of 
many perennial weeds 

Non-residual herbicide 

Asulam  6.72 kg 
Sorghum halepense, 
Brachiaria, Digitaria 

Allow low growing 
grass like Cynodon 
dactylon 

MH:   
Retard the growth of 
roadside grasses 

An alternative to 
frequency mowing 

Imazapyr  0.5-1.5 kg 
Non-selective control of 
perennial weeds 

weed control for 3- 
months 

Chlorsulfuron  0.09-0.67 
Difficult annual and 
perennial weeds, both 

A long persistent 
herbicide 
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broadleaf and grasses 

Petroleum oils  2% Grasses and sedges 
Non-residual weed 
control 

Phenols  1-% 
Deep irrigation ditches 
or under 

 

Brush weed management 
  Brush weeds refer to weedy plants, under wood thickers, and small 
tress and shrubs. There are at least four brush killers which can be used on 
non-croplands It may be pointed out here that the mixture of 2,4,5-T and 2,4-

D is still the cheapest brush killer and it often forms the first choice to deal 
with a brush problems in countries where this use is not restricted. Amitrole 
0.2% aqueous foliage spray proves superior to 2,4,-T and silvex in killing a 
brush weed like Rhus sp. AMS 50 aqueous spray is (stump or frill) an effective 
arboricide to kill large trees. Karbutilate 3-3.5 g (10 granules) per cm stem 
diameter as frill treatment kills 99% of woody species on industrial sites. 
 
Soil sterilants 
  The aim of using soil sterilants is to obtain bare soil. Depending upon 
the length of time, can be classed as permanent, semi-permanent, or 
temporary soil sterilants. A permanent soil sterilants sterilizes the soil of 24 
months; semi-permanent for 4-24 months; and temporary sterilants for less 
than 4 months. While on non-cropland permanent and semi-permanent soil 
sterilants are used, the temporary soil sterilants are useful on crop lands. 
  The four substituted urea herbicides fenuron, monuron, diuron, 
fluometuron @ 0.16-0.5 100-2, (dry granules or foliage spray with surfactant) 
sterilize the soil 1- years. Fenuron is preferred low rainfall areas and monuron 
in heavy soil conditions. Diuron can be used against only shallow rooted 
vegetation. Fenuron, monuron, and diuron are good for sterilizing drainage 

ditches. The ditche should be wetted before the treatment and kept under 
flood for 48 hours. Simazine @ 0.0012 kg 100m-2 is suitable for high rainfall 
regions. Its mobility in soil being low, it is safer they prometone to nearby 
useful trees. It must be applied preemergence to the weeds. Metribuzin @ 
0.0012 kg 100 m-2 provides as complete control of a mixed stand of perennial 
grasses and broadleaf weeds diuron, bromacil, and amitrole mixtures, 
mentioned above. TCA @2 kg m-2 as soil sterilants is under pavement control 
of grasses. The treatment must extend 1 cm on either side of the payment. 
Fenac 0.045-4.0 kg 100m-2 aqueous spray or dry granules) is almost immobile 
laterally. This makes it salt to the nearby trees. At low rates it is effective 
against annual weeds and at high rates against t perennials and other hardy 
species. Fenac sterilizes the soil for a year of more. 
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EXERCISE NO. 12 
Date: ……………… 

Visit to ongoing weed control experiments 

 
 


