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Preface 

 
Weed in its general sense is a subjective one without any classificational value, since a weed is 

not a weed, when growing where it belongs or is wanted. Economic loss caused by weeds in crop 
fields is well known to the farmer and for that reason since ages he is working for to get rid of weeds. 
Lack of understanding or their misunderstanding of what weed scientists do will not lessen the need 
for what is done, and it increases the responsibility of weed scientists and educators to be clear about 
the problem of weeds and proposed solutions.  

Weed management has to be considered on the basis of economic, ecological and sociological 
consequences. Scientists eagerly accepted the credit when in 1945, after World War II, many advances 
in societal development were widely regarded as contributions of herbicides on weeds. Weed 
management implies judicious use of various methods of control, with the intention of decreasing the 
harm caused by weeds to a level that is economically acceptable. 

This book is designed in a very simple form with up-to-date technologies and statistics to 
acquire a systematic fundamental knowledge’s on modern weed management techniques. It is planned 
as a specialized material to undergraduate and postgraduate students, research scholars, extension 
workers in agriculture, horticulture, NGO’s and other allied sciences.  

The chapters are arranged in a logical progression. It addresses “why should we study weeds?”, 
what’s the need of herbariums?”, classification of weeds, colour plates for weed identification”, seed 
production potential of weeds, soil weed seed bank, methods of weed control, herbicides, economics 
of weed management, persistence of herbicides, allelopathy, integrated weed management, weed 
management in different non-agro ecosystems, economic importance of weeds, etc. 

Descriptions of necessary equipments, tools, calculations and examples have been included to 
facilitate the understanding of the concepts and applications in the thrust area of weed management. 
Tables, figures and formulae are also specified for better illustration. A list of important useful 
references is also given at the end of the book. 

The authors would welcome suggestions and additional information from the students, experts 
and scientists to improve the book. 

 
 
 

M. Thiruppathi  
R. Rex Immanuel 
K. Arivukkarasu 
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INTRODUCTION 
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The story of agriculture is story of struggle. The agricultural productivity of the modern world is not an 
accident. It’s the growth of science and technology. It has ensured in consequence of the sudden overturning 
of established conditions, and the substitution therefore of a very imperfect and one sided system of land 
occupancy. 

Weeds have been with us since the advent of settled agriculture some 10,000 years ago. In the beginning, 
there were no weeds. Nature does not regard weeds as a separate category. If one impartially observes the 
composition of natural plant communities or the morphology of weed flowers, one can find beauty and great 
aesthetic appeal. Songs and poems have been written about them, but weeds have never received the 
recognition and respect they deserve. 

Crop agriculture is based on a very few plants that thrive in a disturbed habitat and produce an abundance of 
seed. Only at about 3000 of the 3,50,000 recognized plant species have been or are cultivated, and one 
cannot assume that the rest are weeds. Weeds also thrive in disturbed habitats and produce an abundance of 
seeds. 

Agricultural or non agricultural enterprise or part of our environment is immune to the detrimental effect of 
weeds. They have interfered with human endeavors for all of history. The figure of a person holding a hoe 
may be as close as we can come to a universal symbol for “farmer”, even though most farmers in developed 
countries no longer weed with hoes. Controlling weeds is probably the farmer’s most arduous task, as 
expressed in a poem “The Man with the Hoe” by Edwin Markham. 

Every human being has a clear understanding of the term “weed” but there is no universal definition that is 
accepted by all scientists. In 1912, Blatchley defined weed as “a plant out of place or growing where it is not 
wanted”. In the same year, Emerson defined a weed as “A plant whose virtues have not yet been 
discovered”. 

Weed is a plant that grows so luxuriantly or plentifully that it chokes out all other plants that possess more 
valuable nutritive properties and interferes with the utilization of land and water resources and adversely 
affects human welfare” (Brenchely, 1920). 

According to William Stearn (1956) weeds are psychology rather than botany: "Taken as  a whole, weeds are 
not  so much a botanical  as  a human psychological category within  the plant  kingdom,  for a weed  is 
simply a plant which at a particular place and at a particular time arouses human dislike and attempts  are 
made at  its  eradication or control,  usually because it competes with more desirable plants or it serves as a 
host to their pests and diseases, or is unpalatable or dangerous to domestic beasts." 

In 1969 the Weed Science Society of America defined a weed as “a plant growing where it is not desired” 
(Buchholtz, 1967). In 1989, the society’s definition was changed to a weed as “any plant that is objectionable 
or interferes with the activities or welfare of man” (Humburg, 1989). 

The European Weed Research Society defined a weed as “any plant or vegetation, excluding fungi, 
interfering with the objectives or requirements of people”. The Oxford English Dictionary defines a weed as 
“an herbaceous plant not valued for use or beauty, growing wild and rank, and regarded as cumbering the 
ground or hindering the growth of superior vegetation”. 

Aldrich, (1984) wants to recognize weeds as a part of a “dynamic, not static, ecosystem”. According to his 
definition a weed is a plant “a plant that originated in a natural environment and, in response to imposed or 
natural environments, evolved, and continues to do so, as an interfering associate with our crops and 
activities.”  Later Navas, (1991) defined as “a plant that forms populations that are able to enter habitats 
cultivated, markedly disturbed or occupied by man, and potentially depress or displace the resident plant 
populations which are deliberately cultivated or are of ecological and or aesthetic interest.” 

Everyone should be aware of the anthropocentric dimension of these definitions. Desire is a human trait, and 
therefore a particular plant is labeled a weed only in terms of human attitude. However it is logical to assume 
that even if one cannot define weed, it should still be possible to identify the origin of individual species and 
determine certain characters of weeds. Although all do not agree on precisely what a weed is, most know 
they are not desirable 
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Weed science is not a panacea for the world’s agricultural problems. Weed science is vegetation 
management – the integration of many technologies (developed from both cultural and scientific knowledge) 
to manage plant populations in an area. The work of the weed scientist is fundamental to solving problems of 
production agriculture in our world. The worlds weed scientists are and will continue to be in the forefront of 
efforts to feed the worlds people. 

Weeds are not static organisms and the number of true weeds may increase over time. Today, with long 
distance travel hundreds of new plant species are being introduced into new habitats worldwide. The 
challenge for scientists and policy makers is to determine which of these species have the biological 
characteristics that will allow them to thrive in their environment, spread and damage agriculture and natural 
ecosystems. If such knowledge were available and applied, methods could be developed to reduce or 
eliminate weed populations before they seriously disrupt their new environment. 
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WEED COLLECTION 
AND PRESERVATION 
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HERBARIUM PREPARATION 
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. 

Specimens are used as references for comparison and identification with unknown samples, documenting 
species distribution and variation within species and identifying and studying the phenology of weeds. 

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 

Collection of plant specimens 
Plants at flowering stage in good condition with 2- 3 specimens with its all parts (leaf, stem, flowers, fruits) 
per species is desirable, preferably fresh apical part of the plant without diseased. 

Herbarium pressing and drying 
Place the collected specimens in between the folds of the newspaper for blotting and arranged on the lower 
part of the pressing board. The wooden pressing board consist of 2 wooden plates of approximately 30 x 30 
cm each which are tighten with nuts on bolts for pressing. Place the upper plate on the top and tighten upper 
and lower parts with nuts and bolts. Keep the specimen for 24 hrs for sweating of moisture. This is called as 
Sweating period. 

Specimen is spread in the newspaper folds and if necessary the top portion should be bent during pressing. 
The large specimens are to be cut in 2 to 3 parts according to convenience and arranged on separate sheets. If 
the specimen can’t be directly dried they have to be preserved by preservatories. 

If the foliage is very thick, it has to be pruned assuring that the portion of the cut parts are identified and the 
large leaf is cut it vertically into 2 halves use one of the portions as specimen. 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. In artificial drying, after sweating period specimens are direct 
in hot air oven by maintaining 62 оC. 

Poisoning 
Dried specimen  should be poisoned by dipping them in poisoning solution containing 12 -15 g of mercuric 
chloride  or  5 – 10 g of Phenol crystals dissolved  in one liter of  denatured alcohol and redry the specimens. 

Herbarium mountings 
This is a process of affixing the specimens on sheet. Thick herbarium sheets of 11.5"x 16.5 " are used for 
mounting. Keep the specimen in centre and spread properly. Fix the specimen to the mounting sheet with 
glue / gum / tape. 

Herbarium labeling 
Label the specimen in the space provided 4.5 " x 3.5 "on lower right side of the herbarium sheets. It should 
have details of botanical name, local name, family, habit, habitat and name of the specimen collector. 

Arrange the herbarium by group into terrestrial and aquatic weeds, sub group them into monocots and dicots 
and further into annuals, biennials and perennials. Number the herbarium sheets, serially on the top right 
corner of the sheet and write the index for it. 
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CLASSIFICATION OF 
WEEDS 
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Classification of weeds is a prime requirement for development of an efficient weed control program to 
control wide spectrum of weed species. There are approximately 2,60,000 plant species in the world. 
However, less than 250 plant species, about 0.1 per cent are troublesome enough to be called weeds 
throughout the world. 

I. Based on life span 
Based on life span (Ontogeny), weeds are classified as annual, biennial and perennial weeds. 

a) Annual Weeds 
Annual weeds complete their life cycle in that season or year. These are small herbs with shallow roots, 
weak stem and its propagation is commonly through seeds. These annuals are sub-divided according to the 
season of prevalence. 

i)   Kharif season annual : Ammania baccifera, Cyperus difformis, Fimbrystyllis miliacea 

ii) Rabi season annual : Chenepodium album, Phalaris minor, Avena fatua 

iii) Summer season annual : Solanum nigrum, Trianthema portulacastrum, Argemone mexicana, 
Portulaca oleracea 

iv) Multi-season annual : Echinochloa colonum, Eclipta alba, Eleusine indica, Phyllanthus niruri 

(b) Biennials 
It completes the vegetative growth in the first season, flower and set seeds in the succeeding season and then 
dies.  These are found mainly in non-cropped areas eg. Alternanthera echinata,  Daucus carota, Zingiber 
casumunar 

(c) Perennials 
Perennials live for more than two years and may live almost indefinitely and propagate not only through 
seeds but also by underground stem, root, rhizomes, tubers etc. They adapted to withstand adverse 
conditions.  Further the perennials classified into 

i Simple 
perennials 

: Plants propagated only by seeds eg.  Ipomoea carnea, Lantana camara 

ii. Bulbous 
perennials 

: Plants which possess a modified stem with scales and reproduce mainly from 
bulbs and seeds eg. Allium vineale 

iii. Corm 
perennials 

: Plants that possess a modified shoot and fleshy stem and reproduce through 
corm and seeds eg. Timothy sp. 

iv Creeping 
perennials 

: Reproduced through seeds as well as with one of the following 

a. Rhizome: Plants having underground stem eg. Sorghum halapense 
b. Stolon: Plants having horizontal creeping stem above the ground eg. Cynodon dactylon 
c. Roots: Plants having enlarged root system with numerousbuds eg. Convolvulus arvensis 
d. Tubers: Plants having modified rhizomes adapted for storage of food eg. Cyperus rotundus 
II. Based on ecological affinities / Habitat 
a. Wetland weeds 
They are tender annuals with semi-aquatic habit and can thrive as well under waterlogged and in partially dry 
condition. Propagation is chiefly by seed. Eg. Ammania baccifera,  Eclipta alba, Echinochloa colonum 

b. Garden land weeds (Irrigated uplands) 
Weeds neither require large quantities of water like wetland weeds nor can they successfully withstand 
extreme drought as dryland weeds eg. Trianthema portulacastrum,  Digera arvensis 
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c. Dry lands weeds 
Weeds are usually hardy plants with deep root system and  adapted to withstand drought on account of 
mucilaginous nature of the stem and hairiness eg. Tribulus terrestris, Convolvulus arvensis, Argemone 
mexicana, 

III. Based on soil type (Edaphic) 
(a) Weeds of black cotton soil 
These are often closely allied to those that grow in dry condition eg.  Aristolochia bracteata 

(b) Weeds of red soils 
They are like the weeds of garden lands consisting of various classes of plants eg.  Commelina benghalensis 

(c) Weeds of light, sandy or loamy soils 
Weeds that occur in soil having good drainage eg. Leucas aspera 

(d) Weeds of laterite soils eg. Lantana camara, Spergula arvensis 
IV. Based on place of occurrence 
(a) Weeds of crop lands 
The majorities of weeds infest the cultivated lands and cause hindrance to the farmers for successful crop 
production eg. Philaris minor in wheat 

(b) Weeds of pasture lands 
Weeds found in pasture / grazing grounds eg. Indigofera enneaphylla 

(c) Weeds of waste places 
Corners of fields, margins of channels etc., where weeds grow in profusion eg. Gynandropsis pentaphylla, 
Calotropis gigantea 

(d) Weeds of playgrounds, road-sides 
They are usually hardy, prostrate perennials, capable of withstanding any amount of trampling eg. 
Alternanthera echinata, Tribulus terestris 

V. Based on Origin 
(a) Indigenous or native weeds 
All the native weeds of the country are indigenous weed eg.  Acalypha indica, Abutilon indicum 

(b) Introduced or Exotic or Alien weeds 
Weeds introduced from other countries and they are normally troublesome and control becomes difficult eg.  
Eichhornia crassipes,  Parthenium hysterophorus, Phalaris minor, Acanthospermum hispidum, Argemone 
mexicana 

VI. Based on cotyledon number 
Based on number of cotyledons it possess it can be classified as dicots and monocots. The characteristics of 
monocot and dicot are given in Table 3.1. 

Table-3.1: Difference between monocot and dicot weed 
Monocot  Dicot 

1. Narrow and upright 
leaves 

: Broad  and horizontal leaves 

2. Parallel venation : Reticulate venation 
3. Retention of herbicide is less  Retention of herbicide is more 
4. Adventitious root system : Tap root system. 
5. Growing point is open : Growing point is open 
6. Cambium (conductive tissue) is 

scattered 
: Conductive tissue intact 

Eg. Grasses or narrow leaved weeds : Eg. Chenopodium album,  Convolvulus arvensis, 
Parthenium hysterophorus , Xanthium strumarium 
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VII. Based on soil pH 
Based on pH of the soil the weeds can be classified into three categories. 

(a) Acidophile – Acid soil weeds eg. Rumex acetosella 

(b) Basophile – Saline and alkaline soil weeds eg. Taraxacum stricta 

(c) Neutrophile – Weeds of neutral soils eg Acalypha indica 

VIII. Based on morphology 
Based on the morphology of the plant, the weeds are also classified in to three categories.  This is the most 
widely used classification by the weed scientists. 

a) Grasses 
The Poaceae family weeds are called as grasses which are characteristically having long narrow spiny leaves.  
The examples are Echinocloa colonum, Cynodon dactylon 

b) Sedges 
The weeds belonging to the family Cyperaceae come under this group.  The leaves are mostly from the base 
having modified stem with or without tubers.  The examples are Cyperus rotundus, Fimbrystylis miliaceae 

c) Broad leaved weeds 
This is the major group of weeds as all other family weeds come under this except that is discussed earlier.  
All dicotyledonous weeds are broad leaved weeds. The examples are Eclipta alba, Digera arvensis, 
Triantema portulocastrum. 

The morphological features of grasses and sedges are presented in Table 3.2. 

Table-3.2: differences between grasses and sedges 
Characters grasses Sedges 
Plant family Poaceae Cyperaceae 

Stem Cylindrical halo with internodes Solid triangular 
Internodes Hollow internodes No internodes 

Leaves Leaves arise alternatively from 
internodes 

Leaves 3 ranked 

Leaf sheath Wrapped around culm Basal portion of leaves fused to form tube around 
stem 

Leaf blade Narrow with parallel veins No distinct division between leaf blade and 
sheath 

Flowers Enclosed with lemma and palea Not enclosed by pair of bracts 
Spikelets Arranged on panicle, raceme or 

spike 
Inflorescence variable 

Examples Echinochloa colona, Cynodon 
dactylon, Dinebra retroflexa 

Cyperus rotundus, Fimbristylis miliacea 

(d) Ferns 
Ferns are seedless vascular plants and produce spores eg. Marsilea quqdrifolia, Salvinia molesta 

d) Algae 
Algae are diverse group of simple photosynthetic plants eg. Chlorella, Spirogyra, Cladophora 

IX. Based on nature of stem 
Based on development of bark tissues on their stems and branches, weeds are classified as woody, semi-
woody and herbaceous species. 

(a) Woody weeds 
Weeds include shrubs and undershrubs and are collectively called brush weeds eg. Lantana camera, 
Prosopis juliflora 

(b) Semi-woody weeds: eg.Croton sparsiflorus 
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(c) Herbaceous weeds 
Weeds have green, succulent stems are of most common occurrence around us eg.Amaranthus viridis 

X. According to plant families 
Most of the weeds belong to the families 

Asteraceae (Compositae) : Tridax procumbens 

Chenopodiaceae: Chenopodium album 

Euphorbiaceae: Euphorbia hirta 

Leguminosae: Melilotus indica 

Poaceae (Gramineae) : Eleusine indica 

Solanaceae : Solanum nigrum 

Teliaceae: Corchorus acutangulus 

XI)  According to growth characteristics 
Weeds can be classified on the basis of their growth habit as follow 

a)Erect 
Stem stands upright eg. Chenopodium album, Panicum repens 
b)Prostrate 
Weeds instead of being erect have got short stems with extremely short internodes that give the impression 
of ‘crown of leaves borne on root eg. Eleusine indica, Portulaca oleracea, Euphorbia prostrata 
c)Twining 
Weeds stems coil itself round the support in clock wise or  anticlock-wise eg. Cuscuta spp., Ipomea sp 
d)Trailing 
Stems of the weeds spread on ground eg. Convolvulus arvensis, Citrallus vulgaris 
e)Runner 
In some weeds, stem grow horizontally and there will be formation of special shoots rooting at each nodes 
eg. Lippia nodiflora, Ipomoea aquatica 
X. Based on specificity 
Besides the various classes of weeds, a few others deserve special attention due to their specificity. They are 
poisonous weeds, parasitic weeds and aquatic weeds 

a. Poisonous weeds 
The poisonous weeds cause ailment on livestock resulting in death and cause great loss.  These weeds are 
harvested along with fodder or grass and fed to cattle or while grazing the cattle consumes these poisonous 
plants. Eg. Datura metel is poisonous to animals and human beings.  The berries of Withania somnifera and 
seeds of Abrus precatorius are poisonous. 

b. Parasitic weeds 
The weeds that depend completely on the host plant are termed as total parasites while the weeds that are 
partially depend on host plant for minerals and capable of preparing its food from the green leaves are called 
as partial parasites. 
Parasites which attack roots are termed as root parasites and those which attack shoot of other plants are 
called as stem parasites.  The typical examples of different parasitic weeds are; 
1. Total root parasite – Orabanche cernua on tobacco 
2. Partial root parasite - Striga lutea on sugarcane and  sorghum 
3. Total stem parasite - Cuscuta chinensis on black gram, leucerne and onion 
4. Partial stem parasite - Cassytha filiformis on orange trees and Loranthus longiflorus on mango and other 

trees. 
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c. Aquatic weeds 
Plants grow in water and complete at least a part of their life cycle in water is called as aquatic weeds.  They 
are further grouped into four categories as submersed, emersed, marginal and floating weeds. 

i. Submersed weeds 
These weeds are mostly vascular plants that produce all or most of their vegetative growth beneath the water 
surface, having true roots, stems and leaves. Eg. Hydrilla verticillata, Vallisneria spiralis, Ceratophyllum 
demersum, 

ii. Emersed weeds 
Plants are rooted in the bottom mud, with aerial stems and leaves at or above the water surface.  The leaves 
are broad in many plants and sometimes like grasses. These leaves do not rise and fall with water level as in 
the case of floating weeds. Eg. Nelumbium speciosum, Jussieua repens 

iii. Marginal weeds 
Most of these plants are emersed weeds that can grow in moist shoreline areas with a depth of 60 to 90 cm 
water.  These weeds vary in size, shape and habitat.  Eg. Typha angustata, Scirpus supinus 

iv. Floating weeds 
Weeds have leaves that float on the water surface either singly or in cluster.  Some weeds are free floating 
(Eichhornia crassipes, Pistia stratiotes, Salvinia molesta) and some rooted at the mud bottom and the leaves 
rise and fall as the water level increases or decreases (Trapa bispinosa, Ludgwigia adscendens). 

Special classification 
a. Facultative weeds 
Weeds that grow primarily in wild community and migrated to crop fields or cultivated environment and 
associating themselves closely with the man’s affairs, behave like more competitive weeds. It also called 
apophytes.  Eg. Opuntia dilleni 

b. Obligate weeds 
Weeds occur only on cultivated land or otherwise disturbed land. Less competitive obligate weeds can’t 
survive and can’t withstand from volunteer vegetation in a closed community and disappears when the land 
is not disturbed for 2-3 years and kept as fallow. Obligate weeds may also be over taken by facultative 
weeds. Eg. Convolvulus arvensis 

c. Noxious weeds 
Weeds are arbitrarily defined as being undesirable, troublesome and difficult to control. They have immense 
capacity of reproduction and high dispersal capacity. They adopt tricky ways to defy man efforts to remove 
them. These weeds are also known as special problem weeds. Eg. Cyperus rotundus. Cynadon dactylon, 
Circium arvense, Parthenium, Eichhornea crassipes, Lantana camara, Saccharum spontaneum, Imperata 
cylindrical and Striga spp 

d. Objectionable weed 
It is a noxious weed whose seed is difficult to separate from the crop seed after contamination is called 
objectionable weeds. 

e. Mimicry 
The weeds look exactly like crops morphologically and complete their life cycle, Echinochloa colonum 
(Jungle rice) mimic the rice crop. Avena fatuva (wild oat) and Phalaris minor (canary grass) both mimic the 
wheat and Loranthus in tea gardens. For example Avena fatua (wild oats) tends to grow to the height of 
winter grains and adjusts its ripening period to the crop over a wide varietal range and this type of mimicry is 
called phenotypic mimicry. 
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IDENTIFICATION OF 
WEEDS 
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Weeds are plants out of place, competing with crops for nutrients, moisture and space. They lower the yields, 
increase the production cost and deteriorate the quality of products. The losses due to weeds are more than 
either diseases or insects. The extent of damage depends on the nature of weeds and their distribution in an 
area. 

Proper identification of weeds is helpful for implementing correct recommendation in weed control options. 
If farmer notices a new weed in his field, it is important to identify it quickly, so that action can be taken to 
prevent it from spreading. It highly helps in selecting the correct herbicides needed to control a particular 
weed. It can also indicate that no action needs to be taken of the plant turns out to be an occasional interferes 
with crop plants. 

Numerous plants are considered as weed in many crops, each with its own particular life cycle, growth habit, 
mode of reproduction, competitiveness. It is obvious that no one weed control programme  will work for all 
growers or in all situations. 

Identification of weed flora is a prerequisite to formulate economic and effective weed control techniques in 
a particular region as the floristic composition of weed flora influences the selectivity and efficacy of a 
control measures. 

WETLAND WEEDS 
Wetland weeds are usually tender annuals with semi aquatic habit. They can thrive well in water logged as 
well as partially dry conditions. These weeds are propagated chiefly by seeds. 

S.No. Botanical 
Name 

Common 
name 

Vernacular 
name 

(Tamil) 

Family Habit Mode of 
propagation 

I. Grasses 
1.  Cyanotis 

axillaris 
Creeping 

cradle 
Neer pulli Commelinaceae Annual 

herb 
Seeds and 

bits of stem 
2.  Echinochloa 

colona 
Jungle rice Sawn, sauri 

varasnam pul 
Poaceae Annual 

herb 
Seeds 

3.  Echinochloa 
crusgalli 

Barnyard 
grass 

Kudirai vali 
chettha karai 

Poaceae Annual 
herb 

Seeds 

4.  Leptochloa 
chinenesis 

Red 
sprangletop 

Seelaipul Poaceae Annual Seeds 

5.  Panicum 
repens 

Ginger 
grass 

Inji pull Poaceae Perennial Underground 
stems and 

seeds 
I. Sedges 

1.  Cyperus 
difformis 

Rice sedge Vatta korai Cyperaceae Annual Seeds 

2.  Cyperus iria Rice flat 
sedge 

Oosi korai Cyperaceae Annual Seeds 

3.  Cyperus 
rotundus 

Purple nut 
sedge 

Korai Cyperaceae Perennial 
herb 

Seed and 
underground 

tubers 
4.  Fimbristylis 

miliacea 
Grasslike 

fimbry 
- Cyperaceae Perennial Seeds 

II. Broad leaf weeds 
1.  Centella 

asiatica 
Indian 
penny 
wroth 

Vallarai 
keerai 

Umbelliferae Prostrate 
herb 

Bits of fruits 

2.  Eclipta alba False daisy Karislanganni Euphorbiaceae Annual Seed like 
achenes 
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3.  Ludwigia 
pariviflora 

Paddy 
clove 

Neerkirambu Onagraceae Annual Seeds 

4.  Marsilia 
quadrifolia 

Four leaf 
clover 

Aria keerai Marsileaceae Perennial 
Herb 

Spores 

5.  Monochoria 
vaginalis 

Pickerel 
weed 

Neer thamari Pontederiaceae Perennial 
Herb 

- 

6.  Phyla 
nodiflora 

Frog fruit Poduthalai Verbenaceae Perennial 
herb 

Seeds and 
rooted stem 

7.  Rotala 
densiflora 

Rotala - Lythraceae Annual 
herb 

Seeds 

8.  Rungia 
repens 

Creeping 
rungia 

Kodaga saleh Acanthaceac Annual 
herb 

Seeds 

9.  Sphaeranthus 
indicus 

Cornspurry Kotta 
karanthai 

Asteraceae Herb Achenes 

10.  Sphenoclea 
zeylanica 

Gooseweed Kopuram 
thangai 

 Annual Seed 

GARDEN LAND WEEDS 
These weeds neither require large quantities of water like wetland weeds nor can they successfully withstand 
extreme drought as dryland weeds 

S.No. Botanical 
Name 

Common 
name 

Vernacular 
name 

Family Habit Mode of 
propagation 

I. Grasses 
1. Brachiaria 

reptans 
Running 

grass 
- Poaceae Annual Seeds 

2. Cenchrus 
ciliaris 

Anjan grass - Poaceae Annual or 
perennial 

Seeds and 
rhizomes 

3. Cenchrus 
setigerus 

Dhaman grass Kozhu 
kattai pull 

Poaceae Annual Seeds 

4. Chloris 
barbata 

Finger grass Mayil 
kondai pul 

Poaceae Perennial 
herb 

Seeds 

5. Cynodon 
dactylon 

Devil’s grass, 
dub grass, 

Hariyaligrass 

Arugam pul Poaceae Perennial 
herb 

Seed and 
underground 

stem 
6. Dactylocteniu

m aegyptium 
Crow foot 

grass 
Kakkakal 

pul 
Poaceae Annual Seeds 

7. Digitaria 
sanguinallis 

Large 
crabgrass 

Arisipul Poaceae - Seeds 

8. Dinebra 
arabica 

Viper grass - Poaceae Annual Seeds 

9. Ischaemum 
indicum 

Murainagrass - Poaceae Perennial Seeds 

II. Sedges 
1. Cyperus 

rotundus 
Purple nut 

sedge 
Korai Cyperaceae Perennial 

herb 
Seed and 

underground 
tubers 

2. Cycerus 
polystachyos 

Bunchy sedge - Cyperaceae Annual Seeds and nuts 
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III. Broad leaf weeds 
1. Abutilon indicum Country 

mallow 
Tutti Malvaceae Shrub Seeds 

2. Acalypha indica Indian 
Acalypha 

Kuppaimeni Euphorbiaceae Annual herb Seeds 

3. Acanthospermum 
hispidum 

Starbur Mul 
thulasi 

Compositae Annual herb Achenes 

4. Achyranthes 
aspera 

Prickly chaff 
flower 

Naiuruvi Amaranthaceae Biennial herb Seeds 

5. Aerva lanata Javanesewoolpl
ant 

Sirukkan 
poolai 

Amaranthaceae Perennial 
herb 

Seeds 

6. Aerva tomentosa Javanese wool 
plant 

Poolai 
keerai 

Amaranthaceae Shrub Seeds 

7. Ageratum 
conyzoides 

Bill goat weed - Compositae Annual Seeds 

8. Alternanthera 
echinata 

Khaki weed Mull 
ponnanganni 

Amaranthaceae Biennial herb Seeds like 
achenes 

9. Amaranthus 
spinosus 

Throny 
amaranth 

Mull 
keerai 

Amaranthaceae Annual Seeds 

10. Amaranthus 
viridis 

Pigweed Kuppai 
keerai 

Amaranthaceae Annual herb Seeds 

11. Biophytum 
sensitivum 

Zarer/ little tree 
plant 

- Gerantacyae Herb Seeds 

12. Boerhaavia 
diffusa 

The spreading 
hog weeds Mukkurattai Nytaginaceae Perennial 

herb 
Seeds 

13. Cleome viscosa Wild mustard Nai 
kadugu 

Capparidaceae Annual Seeds 

14. Clitoria ternatea Blue bell vine Kuvalai, 
sangupoo 

Leguminosae Perennial Seeds 

15. Coccinia indica Scarlet gourd Kowai Cucurbitaceae Herb Seeds 
16. Convolvulus 

arvensis 
The field 

bindweed, 
 

Bhoomi 
chakra 
poondu 

Convolvulaceae Perennial Seeds and 
roots, 
under 

ground 
stems, 

tuberous 
17. Corchorus 

olitorius 
Jew’s mallow Perum 

punnakku 
poondu 

Tillaceal Annual Seeds 

18. Corchorus 
trilocularis 

Jew’s mallow Punnakku, 
vazhukkai 

poondu 

Tillaceae 
 

Annual herb Seeds 

19. Datura fastuosa Thorn apple 
devil’s trumpet 

Umattam Solonaeae Annual herb Seeds 

20. Digeria arvensis False amaranth Thoyya 
keerai 

Amaranthaceae Annual herb Seeds 

21. Eupherbia 
hypercifolia 

Graceful 
spurge 

- Euphorbiace Annual Seeds 

22. Euphorbia hirta Pillpod spurge Ammam 
pacharisi 

Euphorbiaceae Annual Seeds 
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23. Euphorbia 
prostrata 

Milk weed China 
ammam 
pacharisi 

Euphorbiaceae Annual herb Seeds 

24. Gomphrena 
celosioides 

Batchelors 
button 

Neer 
vadamalli 

Amaranthaceae Annual herb Seeds 

25. Gynandropsis 
pentaphylla 

Caravelle seed 
Kattukadugu 

Chenopodiaceae Annual Seeds 

26. Heliotropium 
indicum 

Indian 
heliotrope 

Thel 
kodukkul 

Boraginaceae Annual herb Nut lets 

27. Lantana 
camera 

Lantana - Verbenaceae Perennial 
shrub 

Seeds and 
cuttings, 

root 
suckers. 

28. Leptadenia 
reticulata 

Dori - Asclpiadaceae - - 

29. Leucas aspera Common 
leucas 

Thumbai Labiatae Annual Nutlets 

30. Merremia 
emerginata 

Kidney leaf Elikathu 
keerai 

Convolvulaceae Annual (or) 
biennial herb 

Seeds and 
bits of 

branches 
31. Mimosa pudica The sensitive 

plant 
Totta 

chrungi 
Mimosoideae Shrub Seeds 

32. Oxalis 
corniculata 

The Indian 
sorrel 

Puliyarai 
keerai 

Oxalidaceae Herb Seeds and 
tuberous 

roots 
33. Parthenium 

hysterophorus 
Congress grass - Compositae Annual herb Seeds 

34. Paspalum 
conjugatum 

Paspalum - Poaceae Perennial 
grass 

Seeds and 
rooting 
runners 

35. Phyllanthus 
niruri 

Gale of the 
wind 

Keela nelli Euphorbiaceae Annual herb Seeds 

36. Physalis 
minima 

Ground cherry Thankkali Solanancea Annual herb Seeds 

37. Portulaca 
oleracea 

Indian purslane Paruppu 
keerai 

Portalacecal Annual herb Seeds 

38. Rhynchosia 
minima 

Burn mouth 
vine 

Chitavarai Heguminosae Annual herb Seeds 

39. Solanum 
elaeagnifolium 

White horse 
nettle, silver 
night shade 

Kattu 
kandan 
kathiri 

Solanaceae Perennial Seeds and 
root bits 

40. Solanum 
nigrum 

Garden night 
shade 

Manathakk
ali 

Solanaceae Perennial 
herb 

Seed 

41. Solanum 
xanthocarpum 

Wild egg plant Kandan 
kattiri 

Solanaceae Perennial 
herb 

Seed 

42. Striga lutea Witch weed Pallipoondu Scrophullariaceae Annual herb Seed 
43. Trianthema 

portulacastrum 
Horse purslane Sarannai Aizoaceae Annual Herb Seeds and 

cuttings 
44. Tribulus 

terrestris 
Ground burnut 
small caltrops/ 
puncburevines 

Nerinji Zygophyllaceae Annual herb Seeds 
carried in 

cocci 
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45. Trichodesma 
indicum 

Indian Borage Kazhuthai 
thumbai, 
kavizh 

thumbai 

Boraginaceae Annual Herb Nutlets 

46. Tridax 
procumbens 

Coat buttons Vettuka 
poondu 

Asteraceae Perennial 
herb 

Achenes 

47. Vernonia 
cinerea 

Ash coloured 
flea bane 

Mukkuthi 
poondu, 

sahadevi, 

Asteraceae Annual Seed like 
achenes 

DRY LAND WEEDS 
These are the plants hardy in nature with deep rooted system. It can easily adopt under dry conditions on 
account of mucilaginous nature of the stem and hairiness. 

S.No Botanical Name Common 
name 

Vernacular 
name 

Family Habit Mode of 
propagation 

I. Grasses 
1. Aristida 

funiculata 
- - Gramineae Annuals Grains 

2. Chloris inflata Swollen finger 
grass 

Mayl kondai 
pul 

Poaceae Perennial Seeds 

3. Cynodon 
dactylon 

Bahama Grass, 
Hariyli 

Arugampullu Gramineae Perennial Seeds and 
underground 

stolons 
4. Dactyloctenium 

aegyptium 
Buffalo Grass Kakkakalpal Gramineae Annual Seeds 

5. Eragrostis 
tenella 

Love grass - Gramineae Annual Seeds 

6. Heteropogon 
contortus 

The Spea Grass Eetty pul Gramineae Perennial Seeds 

7. Panicum 
javanicum 

Quack grass - Gramineae Annual Seeds 

8. Perotis indica Indian comet 
grass 

- Gramineae Annual Seeds 

9. Tragus 
roxburghii 

Indian bur grass - Gramineae low 
spreading 

Seeds 

II. Sedges 
1. Cyperus 

rotundus 
Purple nut 

sedge 
Korai Cyperaceae Perennial 

herb 
Seed and 

underground 
tubers 

III. Broad leaf weeds 
1. Alysicarpus 

rugosus 
Red money 

wort 
Namappoondu Laguminosae Annual 

herb 
Bits of 
fruits 

containing 
seeds 

2. Aristolochia 
bracteata 

Dutchman’s 
pipe 

Aduthinna 
palai 

Aritolochiaceae Perennial 
herb 

Seeds and 
undergroun

d stems 
3. Borreria hispida Shaggy button 

weed 
Nuttichori Rubiaceae Herb Seeds 

4. Calotropis 
gigantea 

Gigantic 
swallow wort 

Yerukku Asclepiadaceae Shrub Seeds 

5. Cardiospermum 
helicacabum 

Balloon vine Mudukkathan Sapindaceae Perennial Seeds 
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6. Celosia argenta The white 
cock’s comb 

Pannaikeerai Amaranathaceae Annual 
Herb 

Seeds 

7. Chrozophora 
rottleri 

Turn sole Seemanai 
plant 

Euphorbiaceae Herb Seeds 

8. Cleome 
chelidonii 

Spider flower - Capparidaceae Annual Seeds 

9. Cleome 
gynandra 

Caravelle seed Nai velai Capparidaceae Annual Seeds 

10. Croton 
sparsiflorus 

Wild chilli Nai milakai Euphorbiaceae Shrub Seeds 

11. Cyanotis 
cucullata 

- Nayini-
poondu 

Commelinaceae Annual Seeds 

12. Digera muricata False amaranth Paruppu 
keerai 

Amaranthaceae Annual Seeds 

13. Elephantopus 
scaber 

Elephant’s foot Anashouadi, Compositae Perennial 
herb 

Seeds 

14. Gomphrena 
decumbens 

Coastal globe 
amaranth 

Neer 
vadamalli 

Amaranthanceae Annual Seeds 

15. Mollugo lotoides Lotus 
sweetjuice 

Siru seruppai, 
siruvayal 

Aizoaceae Herb Seeds 

16. Ocimum canum The hoary basil Nai thulasi Labiatae Annual 
herb 

Seeds like 
nutlets. 

17. Oldenlandia 
umbellata 

Chayroot, 
Indian Maddar 

Sayavair Rubiaceae Biennial Seeds 

18. Opunia dellenii The prickley 
pear 

Nagadali, 
chappathikalli 

Cactaceae Perennial 
Herb 

Seeds and 
bits of 

branches 
19. Perotis indica Indian comet 

grass 
Narival pillu 

thopparai pillu 
Gramineae Annual Seeds 

20. Phyllanthus 
maderaspatensis 

Madras leaf 
flower 

Narival pillu 
thopparai pillu 

Euphorbiaceae Annual Seeds 

21. Side spinosa Prickly side, 
spiny sida 

- Malvaceae Perennial 
shrub 

Seeds 

22. Solanum 
xanthocarpum 

Wild egg plant Kandan-kattiri Solanaceae Perennial Seeds 

23. Tragia 
cannabina 

Cannabis leaf 
nettle 

Poonakanlan Eupherbiaceae Perennial Seeds 

24. Trichodesma 
indicum 

Indian borage Kazhuthai 
Thumbai 

Boraginaceae Annual Nutlets 
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SEED PRODUCTION 
POTENTIAL OF WEEDS 
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Weeds are competing with crop plant to a greater extent and it is obvious that they have a tremendous 
reproduction capacity and have greater viability than crop seeds. Weeds can produce tens of thousands of 
seeds per plant and witchweed produce up to 5,00,000 microscopic seeds per plant. In contrasts, most crop 
plants produce only several hundred seeds per plant. Knowledge of reproduction of weeds is an essential 
prerequisite for planning of any weed control measures. 
Majority of weed species reproduced by distinct seed formation particularly the annuals, which helps them to 
multiply year after year at exponential rates. Production of a few thousand seeds per plant is common. The 
weed seed production potential of some of the weeds is given Table 5.1. 

Table-5.1: Average number of weed seeds produced per plant 
S. No Weed species / Annuals Average number of seeds / plant 

1 Amaranthus sp. 1,96,000 
2 Brassica nigra 58,363 
3 Chenopodicum album 72,000 
4 Conyza ambigna 33,990 
5 Cusuta. Sp 16,000 
6 Datura stramonilium 41,200 
7 Elusine indica 13,700 
8 Leucas Martinicemis 12,000 
9 Phyralis augulata 22,000 
10 Portulaca. Sp 1,93,000 
11 Solonum nigrum 1,78,000 
12 Trianthema portulacastrum 52,000 

The annual weeds like Amaranthus and Portulaca spp. may produce even one lakh or more seeds per plant. 
Contrary to it, usually the perennial weeds produce only few seeds, although weeds like Sorghum halepense 
and Saccharum spp are prolific seed producers, despite being perennials. Perennial weeds reproduced 
through both vegetatively and seeds. This makes them very competitive and aggressive in cropping systems.  
A few weeds may produce seed through apomixes (without fertilization) eg. Ferns reproduce by spores. 
Another interesting feature of weeds in seed production, under stress condition they terminate their 
vegetative growth early and ensure production of at least a few seeds before withering away. Weed species 
which are short-lived by nature, irrespective of the environment. These are called ephemerals, like 
Phyllanthus niruri which complete their life cycle within 2-3 weeks. Then there are weeds which produce 
seeds, both aerial and underground eg. Commelina benghalensis. 
Weed seeds (and fruits) differ widely in their shapes and sizes as well as in their viability. Which many of 
these can germinate immediately after harvest, there are others which remain dormant for short or long 
periods before reviving their viability, like Datura, Physalis and Setaria spp. Also even in case of non-
dormant weed seeds, their immediate germination behaviour differ widely with the weed species. 
Procedure 
Collect five sample plants of ten different weed species and count the number of weed seeds per plant and 
record the average. 

Table-5.2: Estimation of seed production potential of weed 
S. No Vernacular name Scientific name No. of seeds per plant 

1 Kuppaikeerai Amaranthus viridis  
2 Mayilkondai Chloris barbata  
3 Naikadugu Cleome viscose  
4 Nelmiratti Echinochloa colonum  
5 Carpetweed Trianthema portulacastrum  
6    
7    
8    
9    
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SOIL WEED SEED BANK 
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The successes of weeds depend on their ability to produce large number of seeds and to disperse those seeds 
to sites suitable for germination. Weed seeds are not harvested as crop and large numbers can be deposited 
on the soil surface that germinates at a later time. Accumulated deposits of viable seeds or plant propagules 
on or in the soil are called as ‘seed bank’. 

Most of the weed seeds present in the soil are distributed over a depth of top 15 cm (plough depth), although 
some may be reaching much deeper (30 cm) through the soil cracks. Even though, only those weed seeds 
which reside in the top 1 - 2.5 cm of soil, are induced to germinate at any one time, while the deeper ones 
remain largely dormant. However, some large sized weed seeds like those of Xanthium strumarium able to 
germinate and reach the ground even from 10 cm soil depth. The weed seed bank in soil ensures their 
continued progenies year after year by the fact that weed seeds have very high dissemination capability in 
nature. 

The number of weeds seeds present ranges from 0 – 4000 per m2 and in some soils it ranges from 205 – 500 
millions per hectare.  A few weedy plants that may escape farmer’s hoe may produce seeds, sufficient to sow 
the entire field. A better understanding of plant population dynamics is vital in developing weed 
management systems. The changing composition of the seed bank is a critical aspect of population dynamics. 
Therefore, seed bank studies must be an integral component of weed management. 

Materials required 
Crowbar, cement pot, iron pan, spade, scale, rose can, etc., 

Procedure 
Collect soil samples from the representative fields at four different depths namely 0- 5, 6 - 10, 11 - 15 and  
16 - 20 cm. Powder it well and fill it in the pots separately on unit volume basis. Water the pots at regular 
intervals with rose can at optimal level and periodically record the number of weed seed germination at each 
depth. Classify the weeds morphologically such as grass, sedge and broad leaf weed and recorded in the 
observation note book as given in Table 6.1. 

All seedlings should be counted up to first two weeks and removed as soon as most can be identified. After 
no further emergence occurs, it is common to mix the soil and begin another cycle of germination and 
emergence for the purpose of anticipating forthcoming weed problems. 

Table-6.1: Assessment of weed seed bank 
Type 
of soil 

Depth 
of soil 
( cm) 

Number of weeds / pot Number of weeds /ha 
Grass Sedge Broad leaf Total Grass Sedge Broad leaf Total 

Clayey 0-5 
6-10 
11-15 
16-20 

        

Loamy 0-5 
6-10 
11-15 
16-20 

        

Sandy 0-5 
6-10 
11-15 
16-20 
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CULTURAL METHOD OF 
WEED MANAGEMENT 
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Weeds can be effectively controlled or their population pressure can be decreased in the field with the 
adoption of agronomic management practices. It is mostly non monetary or involve comparatively less 
expenditure. The main objective of cultural techniques is to provide a short time relief to a crop during the 
initial growth periods. The various cultural practices that reduce the intensity of weeds are described below 

1. Field preparation 
Initial field preparation followed by collection of weed propagules such as tubers of Cyperus rotundus helps 
in checking the weed growth and build up of weed seed in the ensuing cropping period. 

2. Summer tillage 
Summer tillage or off-season tillage is one of the effective cultural methods in controlling the weeds as a 
result of desiccation and drying of weed propagules when exposed to hot sun. 

3. Maintenance of optimum plant population 
Lack of adequate plant population is prone to heavy weed infestation which becomes difficult to control 
later.  Therefore practices like selection of proper seed, right method of sowing, adequate seed rate, 
protection of seed from soil borne pests and diseases etc, are very important to obtain proper and uniform 
crop stand enjoys more competitive advantage and thereby sharing more of the applied inputs over the 
weeds. 

4. Selection of quick growing varieties 
Varieties with initial quick growth and more leaf area must be preferred in order to reduce crop weed 
competitions. Growing of bread wheat cultivars (WH 542 and HD 2329) owing to the greater height, dry 
matter production and number of matured tillers gave more suppression of Phalaris minor than Durum wheat 
cultivar (PBW 34) and resulting 23 per cent higher grain yield. 

5. Crop rotation 
Certain weed species get adapted to a particular crop sequence if the same crop is grown year after year.  In 
many instances, crop rotation can eliminate or atleast reduces weed problems. Orobanche in tobacco is a 
serious parasitic weed can be controlled effectively by crop rotation with non host crops. 

6. Growing of intercrops 
Planting quick growing crops in between the wider spaced crop help smothering weeds and can increase the 
competitive ability of crop to reduce weeds. The commonly adopted inter crops are cowpea, greengram, 
blackgram and soybean without causing reduction in the yield of main crop. 

7. Mulching 
Mulch is a protective covering of materials maintained on soil surface.  Mulching has smothering effect on 
weed control by excluding light from the photosynthetic portions of a plant and thus inhibiting the growth of 
weeds.  It is very effective against annual weeds and some perennial weeds like Cynodon dactylon. Mulching 
is done by dry or green crop residues, plastic sheet or polythene film. To be effective the mulch should be 
thick enough to prevent light transmission and eliminate photosynthesis. 

7. Soil solarisation 
It is a non hazardous method that involves heating of the surface soil, also termed as solar soil heating. This 
is the method of utilization of solar energy for the desiccation of weeds which are present at top 5 cm soil 
depth by further increasing the soil temperature by 5 – 10 ºC. It involves covering with thin transparent 
polyethylene plastic sheet of 300 gauges in a pre-soaked fallow field.  The plastic sheet checks the long wave 
back radiation from the soil and prevents loss of energy by hindering moisture evaporation. 

8. Stale seedbed 
A stale seedbed is one where initial one or two flushes of weeds are destroyed before planting of a crop.  
This is achieved by soaking a well prepared field with either irrigation or rain and allowing the weeds to 
germinate.  At this stage a shallow tillage or non- residual herbicide like paraquat may be used to destroy the 
dense flush of young weed seedlings.    This technique allows the subsequent crop to germinate in almost 
weed-free environment. 
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9. Blind tillage 
The tillage of the soil after sowing a crop before the crop plants emerge is known as blind tillage. It is 
extensively employed to minimize weed intensity in drill sowing crops where emergence of crop seedling is 
hindered by soil crust formed on receipt of rain or irrigation immediately after sowing. 

10. Flooding 
Flooding is successful against weed species sensitive to longer periods of submergence in water.  Flooding 
kills plants by reducing oxygen availability for plant growth.  The success of flooding depends upon 
complete submergence of weeds for longer periods. 

11. Crop management practices 
Good crop management practices that play an important role in weed control are growing of vigorous and 
fast growing crop varieties, proper placement of fertilizers ensures greater availability of nutrients to crop 
plants, better irrigation practices, proper crop rotation programme and higher plant population per unit area 
results in smothering effect on weed growth 

Weed management through cultural method effective in weed control and easy to adopt without any 
technical skilled person. It is a low cost option for weed control without any residual problem. No damage to 
crops and crop-weed ecosystem is maintained. 

However, immediate and quick weed control is not possible. Weeds are kept under suppressed condition. 
Perennial and problematic weeds cannot be controlled. 



 

 PRIMER ON WEED MANAGEMENT 

26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter - 8 

MECHANICAL METHOD OF 
WEED MANAGEMENT 
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Mechanical or physical methods of weed control are being employed ever since man began to grow crops.  
The mechanical methods include tillage, hoeing, hand weeding, digging, cheeling, sickling, mowing, 
burning, flooding, mulching etc. 

1. Tillage 
Tillage helps in controlling weeds by killing emerging seedlings, buried seeds, delaying germination of 
perennial seeds, leaving the rough surface to hinder seed germination and provides enough loose soil at 
surface for effective cultivation. It also weakens plants through injury of root and stem pruning, reducing 
their competitiveness or regenerative capacity. Tillage operation includes ploughing, discing, harrowing and 
leveling which is used to promote the germination of weeds through soil turnover and exposure of seeds to 
sunlight, which can be destroyed effectively or buried later. 

2. Hoeing 
Hand hoeing is the most appropriate and widely used weeding practice for centuries.  It is however, still a 
very useful method to obtain results cheaply and effectively on annuals and biennials weeds. In case of 
perennials, it destroyed the top growth with little effect on underground plant parts. 

3. Hand weeding 
It is done by physical removal or pulling out of weeds by hand or with implement called khurpi, which 
resembles sickle.  It is probably the oldest method of controlling weeds and it is still a handy and efficient 
method for eliminating weeds in cropped and noncropped lands 

4. Digging 
Digging is very useful in the case of perennial weeds to remove the underground propagating parts of weeds 
from the deeper layer of the soil. 

5. Cheeling 
It is done by hand using a cheel hoe, similar to a spade with a long handle.  It cuts and shapes the above 
ground weed growth especially in plantation. 

6. Sickling 
Sickling is also done by hand with the help of sickle to remove the top growth of weeds to prevent seed 
production and to starve the underground parts.  It is popular in sloppy areas where only the tall weed growth 
is sickled leaving the root system to hold the soil in place to prevent soil erosion. 

7. Mowing 
It is a machine-operated practice mostly done on roadsides and in lawns. Mowing is a cutting of uniform 
growth of weeds from entire area as that of ground level. It is primarily used to reduce seed production and 
to restrict unsightliness or excess weed growth. 

8. Burning 
Burning or fire is often an economical and practical means of controlling weeds.  It is used to (a) dispose of 
vegetation (b) destroy dry tops of weeds that have matured (c) kill green weed growth in situations where 
cultivations and other common methods are impracticable. When burning is used for selective control of 
annual broad leaved weeds and grasses in crop rows is known as “flame cultivation”. Burning is done with 
the help of hand operated vaporizing burners, flame torches and flame throwers. 

Mechanical method of weed control is oldest, effective and economical method. Large area can be covered 
in shorter time. Safe method to the environment. Does not involves any skill. Weeding is also possible in 
between plants and deep rooted weeds can be controlled effectively. 

It is labour consuming, possibility of damaging crop. It requires ideal and optimum specific condition for 
weeding. 
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TOOLS AND IMPLEMENTS IN WEED MANAGEMENT 
TOOLS 
i)Hand hoe 
Most widely used weeding tool (Fig. 8.1) for irrigated upland crops like groundnut, onion, cucumber, 
vegetables etc,. The entire surface soil is dug to a shallow depth and weeds are uprooted and removed.  After 
hand hoeing the field is subjected to drying for 7 – 10 days to avoid establishment of uprooted weeds. 

ii) Spade 
With the help of spade (Fig. 8.2) field is dug to a deeper depth in order to remove the underground plant 
propagules.  Perennials and other weeds have deep root system the method of weed control by using spade is 
digging. 

  
Fig.8.1. Hand hoe Fig.8.2.  Spade 

iii) Cheel hoe 
Cheel hoe is similar to spade with a long handle used to cut the aerial growth of weeds and cheeling is a 
common practice in managing weeds in plantation crops.  This method is widely practiced in plantation 
crops. The control method by using cheel is cheeling. 

iv) Sickle 

Weed control by using sickles (Fig. 8.3) known as sickling and practiced in sloppy area to prevent top 
growth of weeds and seed production. 

 
Fig. 8.3  Sickle 

v) Chains 
It is used to control the weeds present over water bodies and chaining helps to collect floating aquatic weeds.  
The weed should be 30 cm above the water level. 

vi) Pick axes / saws 
Saws (Fig. 8.4) and pick axes (Fig. 8.5) are used to cut the above ground surface leaving the stubble. 
However, the effect is short lined since the stubbles sprout again so cutting should be followed by digging 
out the entire plant (or) stubble application of herbicide over the cut portion could be effective in controlling 
the weeds. 
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Fig. 8.4.Saw Fig 8.5  Pick axe 

vii) Dredgers 
Controlling weeds from drain and ditches by using dredges is known as dreging. This method removes the 
weed along with mud. It is a slow process and expensive. 

viii) Long hand weeders 
They are manually operates weeders used in garden and dry land to remove the shallow rooted weeds with 
their roots. The coverage is 0.05 ha/day and there are two type. 

a) Peg tooth type 
It is long handled tool consist of two numbers of 2.5cm dia  120cm long pipe over which 52cm long handle 
is fitted to the bottom of the vertical pipe. 

b) Star wheel type 
It is suitable similar to the peg type weeder excepting that the star type roller facilitates carrier operation of 
the weeder in loamy and sandy soil. 

IMPLEMENTS 
Intercultivation in line sown crop can be done by using some tillage implement. It is a very effective and 
cheap method of weed control tillage makes the surface soil loose and dry so that subsequent germination is 
avoided. 

a) Country plough 
It consist of a wooden body to which handle and pole shaft are attached with the body is made with a bent 
piece of hard wood babul tree, Acacia with a angle of 135˚ and which is attached to the bottom of the 
wooden body (Fig. 8.6),  is a animal drawn implement. 

b) Junioer hoe (or) intercultivator 
It is a animal drawn implement and has 8 frame which tapers in front and diverges towards the down 5-9 
tynes are fixed to these frame the distance between two type(Fig. 8.7)  can be adjusted according to crop by 
level arrangement. 

  
Fig.8.6. Junioer hoe Fig. 8.7. Country plough 

c) Blade harrow / Guntaka 
It consist of Horizontal beam of about inch in dia to which handle with sharp edge and blade harrow are 
fixed to the beam near the means of two standard small sized Guntakas are called Dainties. The blade length 
is 10-15cm which tots the weeds below the soil surface and thus kills weeds. 

d) Cono weeder 
It is similar to rotary weeder mounted on a frame instead of drums or toothed roller and is generally used in 
rice fields. 
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Fig. 8.8. Cono weeder 

e) Rotary weeder 
It is used in low land rice fields where weeds are destroyed by uprooting and subsequently burying action n 
the soil. For better action two finger type rollers are fitted on the weeders and operated at narrow crop row 
spacing of 20 cm. For enhancing the efficiency of weeder, power operated wet land weeders are designed 
(Fig.8.9). 

  
Fig.8.9.   Wetland power weeder 

g) Finger weeder 
Steel cone wheels are rotated by ground-driven spike tines push rubber 'fingers' just below the soil surface, 
reaching into the row (Fig.8.10). Fingers can work safely in the row crops that have sufficient stem strength 
and root resistance. Two pairs of finger cone wheels run in sequence, followed by a pair of bent-tine 
mulching cone wheels. The finger wheels tilt downward so that the rubber fingers hit the soil at an oblique 
angle. Set the leading finger wheels about 1" further apart than the rear ones. On stiff-stemmed crops, the 
second set can be positioned to have fingers overlap one-half inch for total in-row coverage. More tender 
plants need greater distance to prevent crop damage. 

 

 
Fig.8.10  Finger weeder 
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h) Razor cutters / Mowers 
Weeds are too numerous to hand pull, too large to effectively destroy by cultivation, or in an area where 
cultivation is impractical or impossible, they can be destroyed by mowing (Fig.8.11 & 8.12) 

 

  
Fig.8.11.   Razor cutter Fig.8.12.   Movers 
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Chapter 9 

CHEMICAL METHOD OF 
WEED MANAGEMENT 
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A chemical used to kill or inhibit the growth of some target plants is called as herbicide (or) weedicide. In 
1944 – 45, discovery of 2,4-D Na salt as a land mark in herbicide usage. Currently there are more than 250 
herbicides in the world market. The herbicides are broadly classified on the basis of method and time of 
application or placement, mode of action, selectivity and molecular structure. 

CLASSIFICATION OF HERBICIDES 
I) Based on Method of application 
a) Soil applied herbicides 
Herbicide act through root and other underground parts of weeds.  Eg.  Fluchloralin, alachlor, trifluralin. 

b) Foliage applied herbicides 
Herbicide primarily active on the plant foliage eg. Glyphosate, Paraquat 

II) Based on Time of application 
a) Preplant application (PPI) 
Application of herbicide before sowing of crop. Either it is foliar applied or incorporated in soil soon after its 
application. Pre-plant foliar spraying of glyphosate to control perennial weeds like Cyperus rotundus and 
pre-plant soil incorporation of Fluchloralin to control weeds in groundnut 

b) Preemergence (Pe) 
Herbicide is applied to soil soon after sowing a crop before emergence of weeds eg. Atrazine, Pendimethalin, 
Butachlor,  Pretilachlor 

c) Postemergence (Po) 
Herbicide is applied to kill young weeds in the standing crop plants or application after the emergence of 
weeds eg. Glyphosate, Paraquat, 2,4-D Na Salt. 

e) Early post emergence 
Another application of herbicide in the slow growing crops like potato, sugarcane, 1-2 week after sowing is 
classified as early post emergence. 

III) Based on Mode of action 
a)  Systemic (or) translocated 
A systemic herbicide moves within the plant from the point of treatments to its other parts to variable extent. 
It often kills the entire plant even if only a portion of the plant was treated with the herbicide. Therefore, the 
translocated type of herbicides are of particular importance in controlling the perennial weeds eg. 2,4-D 

b)  Non systemic (or) contact 
A contact herbicide kills plants primarily by contanct with the plant tissue rather than as a result of its 
translocation thus; a contact herbicide applied to the foliage of a plant will not kill its roots. The established 
weeds will regrow from their crown buds, roots or rhizomes, shortly after treatment with a contact herbicide 
eg. Paraquat. 

IV. Based on selectivity 
a) 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 eg. 2,4-D, atrazine, EPTC, trifluralin, alachlor, butachlor, 
fluchloralin and pendimethalin. 

b) Non selective 
A non selective herbicide on the other hand is one that kills plants without regard to species eg. paraquat, 
Diquat, sodium chlorate. 

V. Based on chemical nature 
Herbicides are primarily grouped into inorganic and organic herbicides. Inorganic herbicides do not contain 
carbon atoms in their molecules. They were the first chemicals used for weed control e.g., Arsenic acid, 
arsonous acid, sulphuric acid are acid type of inorganic herbicides. Whereas sodium arsenate, sodium 
chlorate, copper sulphate etc., are inorganic salts. The organic herbicides contain carbon atoms in their 
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molecules. They may be oils or non oils. E.g., diesel oil, xylene type of aromatic oils. Majority of present 
day herbicides are non oils. In which 17 groups like Aliphatics, Carbamates, Phenois & Urea etc., are there 

Active ingredient (a.i.): The unformulated chemical product that is principally responsible for the herbicidal 
effect. 

Advantages 
i. Recommended for adverse soil and climatic conditions 

ii. It can control weeds even before they emerge 

iii. Weeds, which resemble like crop in vegetative phase controlled by herbicides. 

iv. Highly suitable for broadcasted closely spaced crops. 

v. Controls the weeds without any injury to the root system of the associated standing crop 

vi. Reduces the need for pre planting tillage 

vii. Controls many perennial weed species 

viii. Herbicides control the weed in the field itself 

ix. It is profitable where labour is scarce and expensive 

x. Suited for minimum tillage concept 

xi. Highly economical 

Disadvantages 
i. Pollutes the environment 

ii. Affects the soil microbes if the dose exceeds 

iii. Herbicide causes drift effect to the adjoining field 

iv. It requires certain amount of minimum technical knowledge for calibration 

v. Leaves residual effects 

vi. Some herbicide is highly costlier 

vii. Suitable herbicides are not available for mixed and inter- cropping system. 

HERBICIDE FORMULATIONS 
Formulation is the process by which the technical active ingredients are made ready to be used by mixing 
with suitable carrier or stabilizers and other formulation adjutants to form a commercial product.  Active 
ingredient (a.i.) is that part of the formulated product that is principally responsible for herbicide effect. The 
prime aim of formulation is to produce a herbicide which i) is effective and economically feasible to use, ii) 
minimizes the risk to operator, environment and consumer, iii) remains stable and safe during transits and 
storage, iv) optimizes the biological activity of the a.i. for the instant application.the advandages of different 
formulations are momentum (Table.9.1) Formulation may be classified solid or liquid 

I. SOLID FORMULATION 
a. Granules (G) 
The technical active ingredient is mixed with or coated on inert carrier materials of the approximate particle 
size of granulated sugar as in the ease of a granular formulation (less than 1 mm). They are directly applied 
to the soil ignoring any drift problem. However, granular formulations are advantageous for it does not 
require a liquid carrier and have little foliage injury, as the granules tend to fall of the leaves of crop plants 
without injuring them during application. The concentration of a.i. is 1 – 40 %. 

b. Wettable powders (WP) 
They are manufactured by grinding or mixing the active ingredient inert filler. A wettable powder suspension 
consist of finely divided (particle size less than 3 microns) particles dispersed in a liquid. It can be readily 
suspended in water to form a suspension and sprayed. Wettable powders containing 25 to 80 per cent active 
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ingredient are the most widely used eg. atrazine 80%WP, diuron 80%WP, and isoproturon 70% WP and 
almix20% WP. 

c. Tablets (T) 
Tablets are special form of water dispersible granule, being larger and requiring a more powerful 
disintegrating agent. The offer easier dose measurement and safer handling than other solid formulations. 
Herbicide concentrations typically are 5 to 20 %.  Tablets have been used in Japan for controlled release of 
rice herbicides. The tablet sinks to the bottom of the water in the field and then releases the a.i. slowly it 
dissolves. 

II. LIQUID FORMULATION 
a. Soluble liquids (SL) 
Water soluble active ingredient added to water. It is a physically homogenous mixture of herbicide 
concentrate and the carrier (usually water). The concentration of a.i. in this formulation is 20 – 50 per cent. 
The salts of the following herbicides are soluble in water e.g., amine salts of 2, 4-D, 2,4-5T, MCPA and 2, 4, 
5-TB, sodium salt of dalapon etc. and some are soluble in oil such as DNBP, pentachlorophenol, ester 
formulation of 2, 4-D etc. 

b. Emulsifiable concentrates (EC) 
Emulsification is done primarily to disperse the small volume phase (concentrate) in the large volume phase 
(spray carrier). An emulsion is one liquid dispersed in another each maintaining its original identity. Without 
agitation the liquids may separate. Once mixed some emulsions require very little agitation to prevent 
separation and others however require constant heavy agitation to prevent separation. The a.i. concentration 
is 10 – 70 per cent eg. 2,4-D ester, alachlor, diallate. Generally two types of emulsions are prepared viz. i. 
concentrated emulsions  and ii. miscible oils 

(i) Concentrated emulsions are prepared by dispersing an aqueous solution of an herbicide in a water 
immiscible solvent by means of a colloid mill. Only those herbicides which are stable to the action of water 
are suitable for preparation as concentrated emulsions. 

(ii) Miscible oils consist of herbicide solvent and emulsifier. They yield stable emulsion when mixed with 
water.  Oil soluble herbicides are often formulated for mixture with water as an emulsion. Ester formulations 
of 2, 4-D, 2, 4-5-T, MCPA and Silvex are usually mixed with water to form emulsions. Sand mix application 
of pre emergence herbicide butachlor a liquid formulation is recommended to enhance the efficiency and 
uniformity in spreading. This method is widely in practice in India to make the application of butachlor 
liquid formulations quite easy. 

III. Fumigants 
They are volatile chemicals applied into confined spaces or into the soil to produce a gas that will destroy 
weed seeds and act as a soil sterilant. Fumigants are good for killing deep rooted perennial weeds and for 
eliminating weed seeds from soil and dissipates gradually thus making the soil suitable for crop growth. Few 
examples of herbicides available in the form of fumigants are methyl bromide, methane, allylalchol, 
carbondisulphide, ethylene, chlorpicrin and tetrachloroethane. 

Table-9.1: Main advantages and disadvantages of the different formulation types 
Formulation type Advantages Disadvantages 

Granules Easy soil application , long residual 
activity 

Bulky, lower active ingredient 
concentration 

Wettable powder Cheap and easy to manufacture, higher 
active ingredient concentration 

Safety hazard from dust Difficult to  
handle 

Water-dispersible 
granules 

Safer and easier to handle than WP 
Higher active ingredient concentration 

Bulky 
Expensive to manufacture 

Tablet Very safe and easy to handle Suitable for highly active 
ingredients only 

Soluble liquid Cheap and easy to manufacture , can 
‘build in’ adjuvants 

Few suitable active ingredients, 
Lower active ingredient 

concentration 
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Suspension 
concentrate 

Higher active ingredient concentration can 
build-in adjuvants 

Difficult to manufacture, 
Difficult to empty and clean 

containers 
Emulsifiable 
concentrate 

Easy to manufacture, stable emulsion , 
Surfactants act as – ‘built-in’ adjuvants 

Flammability and safety risks , 
High skin penetration 

Concentrated 
emulsion 

Safer, lower skin penetration, less 
flammable than EC,  Surfactants act as 

‘built-in’ adjuvants 

Expensive and difficult to 
manufacture, Lower active 
ingredient concentration 

Microemulsion Stable emulsion , Surfactants act as ‘built-
in’ adjuvants 

Expensive and difficult to 
manufacture 

Microcapsules Safer to handle and les environmental 
contamination, Longer duration for active 

ingredient activity 

Expensive and difficult to 
manufacture, Lower active 
ingredient concentration 

Gel Highly stable, easier to  handle Expansive and difficult to 
manufacture Lower active 
ingredient concentration 

INFORMATION’S ON HERBICIDE LABELS 
Every pesticide (herbicide, insecticide, fungicide etc) must contain a label on the container either printed 
which stick or printing on container and/or in leaflet with all information’s placed inside the container or 
attached with container.  Normally available information’s on the leaflet are name of pesticide, brand name 
(or) trade name, common name, concentration, type of formulation, direction and working for use, warning 
symbol and cautionary statement, registration number, net weight, batch number, expiry date, date of 
manufacture, container disposal, storage information’s, etc. 

The warning label contains a diamond shaped warning symbol. It is divided into two triangles by a 
horizontal line. The colour of the lower triangle gives an idea about the degree of toxicity ( Table. 9.2), a 
potential hazard of the pesticides. 

Table-9.2:. Classification herbicide toxicity 
Toxicity 
category 

Toxicity values in LD 50 
(mg/kg body weight) 

Colour of 
triangle (bright) 

Signal word 
on labels 

Warning 
symbol on label 

 Oral Dermal    
Extremely toxic 0-50 0-200 Red Poison Skull and cross 

bones 
Highly toxic 51-500 201-2000 Yellow Poison - 

Moderately toxic 501-5000 2001-20000 Blue Danger - 
Slightly toxic > 5000 >20000 Green Caution - 

Table 9.3 .Informations on herbicide labelling 

S. No Herbicide Trade 
Name Common Name Colour of 

Triangle Signal word 

1.  Aniloguard Anilophos 30%EC Yellow Poison 
2.  DCEL 2,4-D Sodium salt 80 %EC Yellow Poison 
3.  Grammaxone Paraquat 24%EC Yellow Poison 
4.  Atradox Atrazine 50% WP Blue Danger 
5.  Atradil Atrazine 50%WP Blue Danger 
6.  Lasso Alachlor 50 % EC Blue Danger 
7.  Defend Pendimethalene 30% EC Blue Danger 
8.  Everspread Glyphosate 41 % SL Blue Danger 
9.  Roundup Glyphosate 41 % SL Blue Danger 
10.  Eraze Pretilachlor 50 % EC Green Caution 
11.  Goal Oxyflorfen 23.5 % Green Caution 
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Herbicide Use Precautions 
Herbicides like all pesticides should be handled with extreme care and respect in order to protect yourself 
and others from poisoning, avoid harming and polluting the environment, and avoid crop injury. Whenever 
handling pesticides stop and read the label. Labels provide specific safety suggestions and requirements for 
handling particular products. Following are general guidelines to reduce the risks in pesticide use. 

 Read the label on each container before use 

 Dispose the empty containers by burying them at least 0.5 m depth in an isolated area away from water 
supplies 

 Proper time of application is essential to achieve the full control efficiency of herbicides. 

 Correctly calibrate the sprayer and check the nozzle output and adjustment before adding herbicide to a 
tank. 

 Wear goggles, rubber gloves and other protective clothing  (Fig.9.1) while spraying 

 Guard against possible injury to nearby susceptible plants. 

 Keep the herbicide in a safe place beyond the reach of children and other unauthorized persons do not 
have access to them. 

 As far as possible maintain a separate sprayer for herbicide spraying. 

 Proper washing of the sprayers are essential after each spraying. 

 Annual maintenance through servicing enhances its performance during spraying because leakage if any 
may harm the crop and the applicator. 

 Formulations and labels are frequently changed and government regulations modified, so always refer to 
the most recent product label. 

 
Fig.9.1. An appropriately clothed pesticide user 
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Chapter - 10 

HERBICIDE 
REQUIREMENT 
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Herbicides are usually applied in form of solution (or) granules, solution formulation are sand mixed and 
applied manuals (or) with the use of applicator.  Correct dose of herbicide application (Table 10.1) is 
important for affection weed control. 

Table-10.1: Recommended dose of herbicide for important crops 
Crop Herbicide Dose  

(kg 
a.i./ha) 

Trade name and 
formulation 

Time of application 

Rice Butachlor 1.25 Machete 50% EC 
Delchlor 50% EC 

Pre-emergence 

Thiobencarb 1.25 Thunder 50% EC 
Saturn 50% EC 

Pre-emergence 

Anilophos 0.40 Arozin 30% EC 
Aniloguard 30% EC 

Pre-emergence 

Fluchloralin 0.90 Basalin 45% EC Pre-emergence 
Pendimethalin 0.90 Stomp 30% EC Pre-emergence 
2,4-D Na salt 1.00 Fernoxone 80% SS Post-emergence 

Rice (Upland direct 
sown) 

Thiobencarb 1.25 Saturn 50% EC Pre-emergence (8 DAS) 

Pretilachlor 0.45 Refit 50% EC Pre-emergence 
Sorghum Atrazine 0.25 Atrataf 50% WDP Pre-emergence 

Ragi 
(Transplanted) 

Butachlor 1.25 Machete 50% EC Pre-emergence 

 Pendimethalin 0.75 Stomp 30% EC Pre-emergence 
Maize Atrazine 0.25 Atrataf 50% WDP Pre-emergence 
Cumbu Atrazine 0.25 Atrataf 50% WDP Pre-emergence 
Cotton Metolachlor 1.00 Dual 50% EC Pre-emergence 

Fluchloralin 1.00 Basalin 45% EC Pre-emergence 
Pendimethalin 1.00 Stomp 30% EC Pre-emergence 

Diuron 0.40 Karmex 50% WP Pre-emergence 
Groundnut Metolachlor 1.00 Dual 50% EC Pre-emergence 

Fluchloralin 0.90 Basalin 45% EC Pre-emergence 
Sunflower Fluchloralin 0.90 Basalin 45% EC Pre-emergence 

Pendimethalin 0.90 Stomp 30% EC Pre-emergence 
Vegetables Fluchloralin 1.00 Basalin 45% EC Pre-emergence 

Pendimethalin 1.00 Stomp 30% EC Pre-emergence 
Sugarcane Atrazine 1.00 Atrataf 50% WDP Pre-emergence 

Pulses Fluchloralin 0.70 Basalin 45% EC Pre-emergence 
 Pendimethalin 0.60 Stomp 30% EC Pre-emergence 

Wheat Isoproturon 0.60 Arelon 75% WP Pre-emergence 
Cropping Systems 

Sorghum     + 
    Cowpea 

Pendimethalin 0.90 Stomp 30% EC Pre-emergence 

Sugarcane +  
    Pulses 

Thiobencarb 1.25 Saturn 50% EC Pre-emergence 

Maize +  
    Soybean 

Pendimethalin 1.00 Stomp 30% EC Pre-emergence 

Alachlor 2.00 Lasso 50% EC Pre-emergence 

The quantity of formulated product requirement (kg or lit. / ha) can be calculated with the following formula 

F = A x 
 10000 x C

100 x R
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Where, 

F = Formulated product requirement (kg   or lit. / ha) 

R = Rate of application (kg a.i./ha) 

C = Concentration (%) 

A = Area to be sprayed (m2) 

Model calculations 
1. Calculate the quantity of Basalin 45 % EC required to an area of 2.5 acres of black gram field and spray 
fluid requirement. Mention the time of herbicide application. 

F =  A x 
 10000 x C

100 x R
 

R = 1.5; C = 45; A = 10,000m2 

F = 10000 x 
10000 x 45

100 x 1.5
 

= 3.3 lit / 2.5 acres 

Carrier material requirement 
Fluchloralin is to be sprayed, water is the carrier material 

The recommended dose of water to spray 1 hectare = 500 liters 

The water requirement for 2.5 acres = 

acres 2.5 / liters 500   
2.5

500 x 2.5
  

Results 
3.3 litres of basalin is mixed with 500 litres of water and sprayed before sowing of blackgram seed. After 
application the area should be covered by either shallow or light irrigation. 

 

2. Find out the quantity of  Machete 50 % EC (Butachlor50 % EC) required to apply an area of 6 hectares of 
rice field @ 1.25kg a.i./ha. Mention the time and method of application. 

Machete requirement 

F = A x 
10,000 x C

100 x R
 

R = 1.25; C = 50; A = 60,000m2 

F = 60,000 x 
10,000 x 50

100 x 1.25
 

= 15 lit / 6 ha 

Carrier material requirement 
Machete is mixed with sand and broadcasted in the rice field 

The recommended dose of sand for 1 hectare = 50 kg 

The sand requirement for six hectares = 

ha 6 / kg 300   
1
50 x 6
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Method of application : Broad casting – sand mix 

Time : 3 to 5 days after sowing 

Result 
15 litres of machete is mixed with 300kg of sand and broadcasted on 3-5 days after transplanting with a thin 
film of water column. 

3. A farmer wants to apply Fernaxone 80% (2,4 – D Na salt) to his 2 acres of rice field  @ 1kg a.i./ha. Find 
out the quantity of formulated product and spray fluid requirement,time and method of application . 

Fernaxone requirement 

F = A x 
10,000 x C

100 x R
 

R = 1; C = 80; A = 8000m2 

8000 x 
10,000 x 80
100 x 1

F  

= 1kg /2 acres 

Carrier material requirement 
Fernaxone is mixed with water and sprayed in the rice field 

The recommended dose of water for 1 hectare = 500 litres 

The water requirement for 2 acres 

= acres 2 / litres 400    
2.5

500 x 2
  

Result 
1kg of fernoxone is mixed with 400 litres of water and applied 3 weeks after transplanting. 

4. A farmer wants to apply Goal 23.5% EC(oxyflourfen) to his 2 ha of groundnut field  @ 0.3 kg a.i. / ha. 
Find out the requirement of formulated product. 

F = A x 
10,000 x C

100 x R
 

R = 0.3; C = 23.5; A = 20,000m2 

F = 20,000 x 
10,000 x 23.5

 100 x 0.3
 

= 2.55 lit / 2 ha 

Method of application: spraying 

Carrier material requirement 
Goal is mixed with water and sprayed in the rice field 

The recommended dose of water for 1 hectare = 500 litres 

The water requirement for 2 ha  = 2ha / litres 1000    
1
500 x 2

  

Time : pre-emergence i.e 3 days before sowing. 

Result 
2.55 litres of Goal is mixed with 1000 litres of water and it is sprayed 3 days before sowing. 
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5. Calculate the quantity of Dual 50% EC (Metalachlor 50% EC) to spray  7 acres of sorghum field @ 1.25 
kg a.i. /ha. Find out the requirement of carrier material. 

F = A x 
10,000 x C

100 x R
 

R = 1.25; C = 50; A = 28,000m2 

F = 28,000 x 
10,000 x 50

 100 x 1.25
 

= 7 lit / 7acre 

Method of application : spraying 

Carrier material requirement 
Dual is mixed with water and sprayed in the rice field 

The recommended dose of water for 1 hectare = 500 litres 

The water requirement for 2 acres 

= acres 7 / litres 1400    
2.5

500 x 7
  

Time : pre-emergence i.e 3 days before sowing. 

Result 
7 litres of dual is mixed with 1400 litres of water and it is sprayed on 3 days before sowing. 

6. A farmer want to spray in a non cropped area with the systemic post emergence herbicide suggest an 
herbicide and calculate the formulated product spray fluid requirement for an area of 10 ha. 

Systemic post emergence herbicide - Glyphosate  41 % SL (Roundup 41% SL) 

R = 0.75 kg ;  C = 41%  ; A = 10 ha 

F = A x 
10,000 x C

100 x R
 

F = 10,000 x 
10,000 x 41

 100 x 0.75
 

= 1.83 lit / ha 

For 10 ha = 1.83 x 10 

=8.3 lit / 10 ha 

Carrier material requirement 
Roundup is mixed with water and sprayed in the rice field 

The recommended dose of water for 1 hectare = 500 litres 

The water requirement for 10 ha 

= ha 10 / litres 5000    
1
500 x 10

  

Result 
Quantity of formulated product   =  8.3 lit / 10ha 

Spray fluid required      = 5000 lit / 10 ha 
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Chapter - 11 

HERBICIDE APPLIANCES 
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Sprayer is defined as liquid discharged in to particles and scattered as dispersed droplets. Water is the most 
common carriers for herbicide spraying which will facilitate uniform distribution and even coverage over the 
area to be treated. In a spray solution, the herbicide is in a dissolved, emulsified or suspended form in water. 
Herbicide application is directed to soil in case of pre-planting and pre-emergence herbicides and to foliage 
in case of post-emergence herbicides. 

Spraying equipments 
Herbicides are generally sprayed using hand operated sprayers. Depending upon situations power operated 
sprayers also used. Based on the volume of spray liquid used the sprayers are classified (Table 11.1) into 

1. High volume sprayers : 500-750 liter per hectare 

2. Medium volume sprayer  : 250-300 liter per hectare 

3. Low volume sprayer  : 150-200 liter per hectare 

4. Ultra low volume sprayer   : less than 5 liter  per hectare 

High volume sprayers are mostly used for herbicide applications because it avoids drift hazard. There are 
two types of sprayers 

(i) Hand operated sprayers  eg. knapsack / backpack sprayer, rocker sprayer etc. 

(ii) Power driven sprayers eg. power sprayers, power tiller drawn, tractor drawn sprayers 

Major components of the sprayers 
i. Pump 
Any spray liquid must be atomized before it leaves the spray nozzle. A pump provides the necessary pressure 
for this purpose. Air compression or pneumatic and hydraulic pumps are generally used. 

ii. Source of power 
A source of power is needed to run the pumps. This may be manual or traction or motor. 

iii. Tank 
A sprayer may have either a built in tank or separate tank to carry the spray liquid. It is provided with a large 
opening, fitted with strainer and a cap to fill the spray liquid. 

iv. Agitator 
The agitator keeps the spray liquid components in to homogenous mixture. It may be either mechanical or 
hydraulic type. The mechanical agitators are usually made in the shape of metal rod with a fan at its distant 
end. In hydraulic agitator there is a pipe with 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 pump. This provided only in large spray tanks. 

v. Distribution System 
a.Nozzle 
Nozzles perform three functions. There are regulate flow, atomize the mixture into droplets and disperse the 
spray in a desirable pattern. 

b. Lance 
Lance (Fig. 11.1) is a brass rod, about 90 cm long, attached to delivery hose of the sprayer and fitted its free 
end with a replaceable nozzle. At the hose end it is provided with trigger mechanisms to shut-off the flow of 
the liquid. 

 
Fig.11.1. Lance 

 



 

 PRIMER ON WEED MANAGEMENT 

45 

vi. Boom or Spray bar 
A boom is a horizontal pipe with two to several nozzles on it (Fig. 11.2). Usually these nozzles are spaced 50 
cm apart. The boom length may vary from 1 to 15 m. Short booms with 2 to 5 nozzles are used with manual 
sprayers, while larger ones are attached to the tractor mounted sprayers or aerosols. The vertical height of the 
boom and nozzle spacing on the boom can be adjusted as per the requirement. 

 
Fig11.2.  Boom with tank 

vii. Pressure regulator 
Power driven sprayers are usually fitted with pressure regulator so as to   puss the liquid as a constant desired 
pressure. 

viii. Spray hood 
Spray hood (Fig. 11.3) prevents drift and unwanted contact of non-selective herbicides on the non target 
plants. 

 
Fig.11.3.  Spray hood 

KINDS OF SPRAYER 
a. Kitchen garden/ hand sprayers 
Compression hand pump is in the sprayer and consisted shaped handle and plunger and a discharge lance of 
20-25cm long fitted with a single nozzle (Fig. 11.4). 

 
Fig.11.4.   Hand Sprayer 

The capacity of sprayer is 0.5 – 0.75 litres and are useful for sampling smaller plots of 20 cm2 or potted 
plants.  In this sprayer maintenance of constant pressure is not uniform. This problem can be solved by 
pumping whenever decrease in pressure 
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b. Hand compression sprayer 
The pneumatic system knapsack sprayer (Fig. 11.5) does not require pumping during spraying. The tank is 
pressurized after filling the liquid with a built in pump a separate change pump of Co2 cylinders. The main 
disadvantage of this sprayer is that uniform delivery pressure cannot be maintained resulting in an even 
delivery. It is more useful to spray in bully terrain and irrigated fields where walking is difficult. Capacity of 
the chemical tank is 9-18 litres. The average area coverage is 1 acre / day of 8 hrs. 

c. Hydraulic knapsack sprayer 
A hydraulic knapsack sprayer (Fig. 11.6) is a manually operated sprayer which works under hydraulic 
pressure. Its tank capacity is up to 12.5 litres. One tank full of spray liquid can cover an area of 600 sq.m. 

The worker uses his left hand to operate the lever handle of the sprayer as he walks, while holding the spray 
lance in his right hand. With practice it is usually possible to deliver the spray at 0.4 ha per man day. But it is 
possible to obtain higher output by replacing the lance with a 2-3 nozzle boom. It is particularly satisfactory 
for spot treatment and band application of herbicides. Its spray volume is about 250 lit ha. 

 

 

 
Fig. 11.5. Pneumatic sprayer Fig. 11.6 Hydraulic sprayer 

d. Foot sprayer 
The pump lever of a foot sprayer has a pedal (Fig. 11.7). The lever is conveniently worked with foot. The 
sprayer has provision for 1-2 long delivery hoses, each fitted with either a lance or a 3-6 nozzles boom. A 
pedal pump sprayer used an external spray tank through an intake pipe fitted with a sieve at its sucking end. 
It develops a spray pressure of 17-12 kg cm2 and its output with one lance is about 1 ha per day. 

  
Fig.11.7.  Pedal sprayer 
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e. Rocker sprayer 
The rocking movement of the handle helps in building pressure in the pressure chamber. There is no built in 
pressure tank and separate spray tank is necessary (Fig. 11.8). The sprayer is popular in fruit trees, coconut 
and areca nut growing areas. Long hose connections up to 30 m are made to one or two outlets. 

The output of the sprayer is 70-90 lit/hr with one nozzle. Spraying should be started when sufficient pressure 
has developed in the pressure chamber. Further, always high pressure should be maintained for uniform 
spraying. Coverage is about 1.5 ha/day. 

  
Fig.11.8  Rocker sprayer 

f. ULV sprayer 
The controlled size droplets (CDA) are produced by rotary atomizer sprayers which are now widely known 
as ULV sprayers or controlled droplet applications (Fig. 11.9). The CDA technique is used to create a fine 
mist which drifts onto all exposed areas of plants. ULV sprayer named herbic or micron herbi is a rotary 
atomizer, a spinning disc, with a serrated edge which resolves at a speed of 2000 rpm to produce 250 µ 
droplets. The herbicide spray solution is gravity fed to the disc from a plastic container of 2.5 liter capacity. 
The atomizer is driven by a small electric motor which is attached to a tube carrying the batteries that 
provide power for the motor. The spray volume for herbicide application is between 7 and 15litres ha-1 per 
hectare. 

  
Fig.11.9.  ULV sprayer 

g. Power sprayer /mist blower 
A motorized pneumatic sprayer is a low volume sprayer suitable for spraying concentrated spray liquids 
(Fig. 11.10 & 11.11). The chemical tank capacity of this sprayer is 10-12 litres while the fuel tank is 2-3 
litres and mixed 2T oil in petrol @50 ml / litre of petrol. The working parts are blower with engine. 



 

 PRIMER ON WEED MANAGEMENT 

48 

The blower is provided with 2-3 Hp engine and the fuel consumption varying from 0.5 – 1.5 lit / hour. The 
engine rotates the fan which is present in the blower and delivers 6.8 to 4.25 m2 of air minute-1 at velocity of 
200-420 kmph. A wide hose connected with the blower outlet at the end of the hose, a shear nozzle is fitted 
with air current of 2.7-9 m2 /mm with velocity of 175-320 kmph. The air blast atomizes the spray liquid into 
fine droplets. The delivered droplet size is 50-100 mm which is delivered @ 0.5 litre/ min. It is suited for 
pre-emergence herbicide application. Area coverage is 3 ha / day of 8hours. 

  
Fig.11.10.  Power Sprayer Fig.11.11.  Mist Blower 

Table-11.1: Details of sprayer and area covered 
No. Name of the sprayer Capacity 

(litres) 
Pressure 

(lbs/sq.in.) 
Area covered 

(ha) 
Remarks 

1. Hand sprayer 0.5 to 0.75 1-2 - Home gardens 
2. Hydraulic Knapsack/bakpak 12 to 16 10-15 0.6 Field crops 
3. Pneumatic knapsack 9 to 18 - 0.4 -do- 
4. Rocker sprayer - 150 0.6-0.8 -do- 
5. Power sprayer 15 125 1.2-1.6 May be used 

* Can be used for soil application of herbicide by regulating the spray droplet size and holding near the soil 
surface. 

TYPES OF NOZZLES 
The nozzle is considered as the heart of the sprayer, as it influences uniformity in spraying rate of herbicide 
application, spray drift, spray pattern and to produce spray of desired droplet size. It breaks the pressurized 
spray liquid into droplets or application to the target. The function of the nozzle is to accelerate and 
disintegrate the flow of fluid spray passing through it into droplets to form spray. 

A nozzle consists of a body, cap, lip or disc and core. In some cases the nozzle body is incorporated with a 
lance or boom. A nozzle filter is sometimes used with the nozzle to prevent blocking of the nozzle orifice by 
dust and other foreign particles. Four different types of nozzles are available to produce varying spray 
patterns and droplet sizes. 

a. Hollow cone 
The liquid is forced through one or more tangential or helical passages into a circular orifice at a high rotary 
velocity to form an air core within the orifice and swirl chamber. The liquid emerges from the orifice as a 
hollow cone. 

b. Solid cone 
The liquid also passes centrally through the nozzle to fill the air core. Different discharge rates and cone 
angles can be obtained by changing the disc and core. The hollow cone nozzles produce the heaviest droplet 
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distribution on the edges of the pattern. Cone nozzles are widely used for insecticide and fungicide 
applications as also for spot application of past emergence herbicides. 

  
Fig.11.12.  Hollow cone Fig11.13.  Solid cone 

c. Flood jet fan 
The tip has a ventricular or rectangular orifice behind which two streams of liquid meet because of the shape 
of the bore. Fan nozzles are ideal for spraying flat surfaces and for band spraying in row crops. 

d. Flood jet deflector 
In the flooding nozzle, also known as deflector, anvil or impact nozzle, a jet of liquid passes through a 
relatively large orifice and strikes a smooth surface at a high angle of incidence to form a fan shaped spray 
pattern. The flooding type nozzles deliver coarse droplets of fluid spray under pressure, thus minimizing 
drift. They also produce a wide angle fan pattern of spray. As the nozzle orifices are large, clogging is 
considerably reduced. 

 

 

 

  
 
 

Fig.11.14.  Flood jet fan 

 
 

Fig11.13  Flood jet deflector 
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Fig.11.15. Spray pattern of 

hollow cone nozzle 
Fig. 11.16. Spray pattern of solid cone 

nozzle 
 
 

 

 

 

 
Fig11.17.  Spray pattern 
of Flood jet fan nozzle 

Fig.11.18.Spray pattern of Flood jet deflector nozzle 

 
 

Table-11.2: Types of nozzles and their uses 
S.No. Types of 

nozzles 
Droplet 

size 
Suitability Recommended used 

1. Hollow  cone Fine Row spraying ensuring reliable 
coverage of the whole plant or patch. 

Insecticides and 
fungicide s 

2. Solid cone Fine Spot application Insecticides, fungicides 
and some herbicides 

3. Fan type Medium For uniformly over large bands Insecticides fungicides 
& herbicides 

4. Flat fan type Coarse For uniformly over large bands Herbicides 

However, different types of nozzles are available in the market according to the manufacturers. The 
compatibility of different nozzles used for various pesticides application are given in Table.11.3. 
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Table-11.3: Compatibility of nozzles in pesticides application 
 

 
Extended 
range flat 

fan 

Standard 
flat fan 

Drift 
guard flat 

fan 

Twin flat 
fan 

Turbo 
flood with 

angle 

Wide 
angle full 

cover 

Flood 
nozzle 
wide 
angle 

Rain drop 
hallow 
cone 

Herbicides 
Soil 

incorporated 
Good  Very  

Good 
- Very  

Good 
Very  
Good 

Good Good 

Pre 
emergence 

Very 
good 

Good Very  
Good 

- Very  
Good 

Very  
Good 

- Good 

Post 
emergence 

contact 

Good Good  Very  
Good 

- - - - 

Post 
emergence 
systemic 

Very 
good 

Good Very  
Good 

- Very  
Good 

- - Good 

Fungicides 
Contact Very 

good 
Good - - - - - - 

Systemic Very 
good 

- Very  
Good 

- Very  
Good 

- - - 

Insecticides 
Contact Good Good  Very  

Good 
- - - - 

Systemic Very 
good 

- Very  
Good 

- Very  
Good 

- - - 

SPRAY FLUID CALIBRATION 
Spray fluid calibration is the process of finding the exact quantity of carrier (water) required for spraying a 
given area under the set of condition. Accurate calibration of equipment is essential for the application of 
correct amount of herbicides and to maintain the herbicide battle efficiently. 

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 and fill the sprayer tank with a 
known quantity of water (3 litres.). 

Step.2. Mark a test area 

Mark out a test area in the field.The land surface 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. After establishing an 
optimum spray swath make the test run .Always maintain constant nozzle height while spraying. 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. 
Measure the quantity of water is left in the tank and subtract it from the original quantity taken, and arrive at 
the correct amount of water consumed. 
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Step.4. Calculate the application rate 

Calculate the amount of water required for 1 ha from the following relationship 

Quantity of spray fluid requirement    =  

Where, 

Q  =  Quantity of spray fluid required for sprayer(lit) 

V1 = Quantity of water taken initially 

V2 = Quantity of water remain after spraying 

a   = Area which measured area sprayed (m2) 

A  = Area to be sprayed (m2) 

Model calculations 
1. A farmer has taken 15 liters of spray fluid and sprayed over100 m2 area using knapsack sprayer and 
quantity of water is left in the tank is 10 liters. Calculate the quantity of spray fluid required to spray 1ha of 
land. 

Quantity of spray fluid requirement    =  

V1= 15lit. V2 = 10lit.   a = 100 m2  A = 10,000 m2 

 
= 500 litres / ha 

 
Result 
The quantity of spray fluid required for spraying 1ha of land is 500lt. 

2.  Calculate the area covered by a person with a walking speed of 1 km /ha and a swath width of 0.7 m. Find 
out the spray fluid requirement for spraying one hectare of land, if the discharging rate of spry fluid is 35 
lit./hr under the same set of condition. 

Time requirement 
Area (m2/hr) =   

=   

= 0.07 ha/ hr 

Area covered by the person                 = 0.07 ha / hr 

Area (m2/ hr)     = 0.07 x 10000 

= 700 m2 

700 m2 can be covered in 1 hr 

Therefore, the time required to cover 1ha  = ? hr. 

=  

= 14.28hr. 

1 hour = 60 minutes 
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Therefore 0.28 hour =  60 x 0.28 

= 16.8 minutes 

The time required by the person to cover 1 ha area is 14 hours and 17 minutes. 

Spray fluid requirement 
35lit. of spray fluid is discharged in 1 hr 

X lit. of spray fluid can be discharged in 14.28 hrs 

X =  

= 499.8 lit. 

= 500 lit 

Result 
1. The time required by the person to cover 1 ha area is 14   hours and 17 minutes. 
2. Quantity of spray fluid required to cover 1 ha area is 500 lit. in 14hrs.and 17 min. 
3. Calculate the number of sprayer loads required for 1 ha area, if the sprayer capacity is 12 lit. 
Number of sprayer loads/ha = 

 

The recommended dose of spray fluid is 500 lit. / ha 

Therefore,      =   = 41.66 

Result 
The number of spray loads required /ha = 42 tanks 
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Chapter - 12 

WEED INDICES 
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Weed management practices are evaluated for its efficiency in terms of effective control of weeds and 
economics of control measures through various indices. The absolute effect of particular method in reducing 
the weed competitions and increasing the crop productivity are measured effectively by various indices. The 
comparisons of weed control methods are usually based on the yield, weed population and weed dry matter 
from the control as well as treated plots. 

a. Weed Index (WI) 
It is defined as the reduction in yield due to the presence of weeds in comparison with no weed plot. It is 
calculated as follows (Gill and Vijaya Kumar, 1966). 

 
Where, 

X – Yield from minimum weed competition plot 

Y – Yield from treatment from which WI is to be worked out. 

b. Weed Control Efficiency (WCE) 
Weed control efficiency express the percentage reduction in weed population due to weed management 
practices over control. It is worked out by using weed population present in control and treated plots (Mani et 
al., 1973). 

 
Where, 

WPc – Weed population (no./m2) in control plot 

WPt – Weed population (no./m2) in treated plot 

c. Weed Control Index (WCI) 
It is worked by using same formula of weed control efficiency replacing weed population in terms of weed 
dry weight (Mishra and Tosh,1979) 

 
Where, 

DMPc – Weed dry matter produced per m2 in control plot 

DMPt – Weed dry matter produced per m2 in treated plot 

d. Herbicide Efficiency Index (HEI) 
It indicates the weed killing potential of different herbicide treatments and their phytotoxicity on the crop 
(Walia,2003) and can be calculated as 

 
Where, 

Yt – Yield from treatment plot 

Yc – Yield from control plot 

DMT – Dry matter of weeds in treatment 

DMC – Dry matter of weeds in control 
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e. Weed persistence index (WPI) 
It is used to indicate the persistence of weeds against various tested treatments and to confirm the 
effectiveness of the herbicidal efficiency of the selected treatments to kill the weeds (Mishra and Mishra, 
1997) 

Weed persistence index (WPI) 

 

f. Crop resistance index (CRI) 
Crop resistance index is the relationship between proportionate increase in crop dry weight in treated plot 
and the proportionate reduction in weed dry weight in treated plot. 

Crop resistance index (CRI) 

 

g.Weed management Index (WMI) 
Weed management index is the ratio between yield increase due to weed management and the proportionate 
control of weeds by the respective treatments. 

 
Model calculation 
Workout the weed indices used in weed management studies with the following field experimental data 
taken from cotton field. 

S.No Treatment 
Total weed 
population 

(m2) 

Weed dry matter 
(kg /ha) 

Cotton 
dry 

matter  
(kg /ha) 

Cotton 
yield (kg 

/ha) 

1. Weedy check (control) 130.11 465.35 2398 754 

2. Twice hand weeding at 
20&40DAS 

14.46 48.33 4638 1651 

3. Pendimethalin  @ 1kg a.i./ha  + 
hand weeding at 40 DAS 

21.64 60.54 4951 1764 

4. Cowpea as smother inter crop up 
to 40 DAS 

36.33 98.51 4535 1615 

Solution 

I. Weed control efficiency (WCE) 

WCE for T2 = 
 

= 88.78 % 

WCE for T3 = 
 

= 83.36 % 

WCE for T4 = 
 

= 72.07 % 
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II. Weed control index (WCI) 

WCI for T2 = 
 

= 89.61 % 

WCI for T3 = 
 

= 87.00 % 

WCI for T4 = 
 

= 78.83 % 

Inference 
Among the weed management practices in cotton hand weeding at 20 an 40 DAS produced higher WCE of 
88.78 per cent and WCI of 89.16 per cent. This was followed by pendimethalin  @ 1kg a.i./ha  + hand 
weeding at 40 DAS . 

III. Weed index (WI) 

WI for T1 =  
 

= 0.57 

WI for T2 =  
 

= 0.06 

WI for T3 =  
 

= 0.08 

Inference 
The yield reduction was minimum under hand weeding twice at 20 and 40 DAS as compared to other 
treatment due to controlling weeds effectively. 
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Chapter - 13 

ECONOMICS OF WEED 
MANAGEMENT 
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Economic viability of weed management is the foremost criteria in transferring new investigation to farmers 
field. Economics efficiency and viability of crop cultivation are mainly the outcome of yield of crop. In 
general, higher crop productivity resulted in better economic parameters like net return and Benefit cost 
ratio. The new technology proposed to be introduced in agriculture should be cost-effective to attract the 
client towards its adoption. Application of herbicides for controlling weeds is a very rewarding proposition 
from its economic point of view, despite the fact that hand-weeding resulted in grater crop yields than 
herbicides, yet because of high, and ever increasing wages and comparatively lower herbicide cost, the use of 
herbicides resulted in higher B-C ratio. In different crops it varied from 9.0 to as high as 33.5. The B:C ratio 
of hand-weeding varied in different crops from 3.5 - 10.1. It may be pointed out here that B:C ratio of the 
most popular input in agriculture viz., the fertilizers, is only between 2.0 and 3.0 Obviously, in comparison to 
it the B : C ratio of herbicide use are 5 to 15 folds. 

ECONOMIC ANALYSIS 

 The economic evaluation of each treatments were worked out based on the cost of inputs and outputs 
prevailed during the cropping season. 

1. Gross return 

 The gross return was worked out by multiplying the economic produce and by-produce (straw, 
haulm etc.) by respective sale prices and expressed in Rs ha-1.  

2. Net return 
 The net return was worked out by subtracting the total cost of cultivation from the total gross returns 
and expressed in Rs ha-1. 

3. Returns per rupee invested (B: C ratio) 
 This was worked out by dividing the gross returns by the total cost of cultivation. 

Model calculation 

Workout the economics of different weed management practices followed in transplanted rice. State which 
one of the following combination is the best one?. The possible combinations are 

S.No. Treatments Yields (kg/ha) 
Grain Straw 

1. Unweeded control 1900 4700 
2. One  hand weeding 2600 6200 
3. Butachlor @1.25kg a.i./ha 3500 8400 
4. Butachlor  @1.25kg a.i./ha + one hand weeding 5300 11600 
5. Butachlor   @1.25kg a.i.+2,4-D @ 0.5 kg a.i./ha 4200 9200 
6. Two hand weedings 5350 11700 

The cost of cultivation except weed management    = Rs. 18750.00 

Labour requirement is 25/ labour/ ha 

Labour wages      =  Rs. 80.00/ days 

Cost of butachlor    = Rs. 300.00 / lit 

Cost of 2, 4 – D     = Rs. 250.00 / lit 

Spraying charge     = Rs. 100.00/spray 

Produce cost 

Grain cost      = Rs. 10.00/kg 

Straw cost      = Rs. 1.00/kg 
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Solution 

1) Unweeded control 

i) Total cost of cultivation 

Cost of cultivation except weed management    =  Rs. 1,850.00 

 Cost of weeding       = Nil 

Total cost of cultivation               =       Rs. 18,750.00 

ii) Gross income 

Grain yield is 1900 kg/ha @ Rs.10.00/kg 

(1900x10 =19,000) = Rs.19,000.00 

 

Straw yield is 4700 kg/ha@ Rs. 1.00/kg   =  Rs. 4,700.00 

(4700 x 10 = 4,700) 

Gross income   = Rs. 23,700.00 

iii) Net income 
Gross income – Total cost of cultivation 

= 23700 – 18750 

= Rs. 4950.00/ha 

 
iv) Benefit cost ratio                     Gross income 

=        -------------------------------- 
           Total cost of cultivation 

23700 
=      --------------- = 1.26 

18750 

2)  One hand weeding 
i. Total cost of cultivation 
 Cost of cultivation except weed management    = Rs. 18,750.00 

 Cost of weeding 

Labour requirement for weeding is 25 labour/ha 

@  Rs. 80.00/day  (25x80 = 2000.00)       = Rs. 2,000.00 

 

Total cost of cultivation       = Rs. 20,750.00 

ii) Gross income 
 Grain yield is 2600 kg/ha @ Rs. 10.00 / kg 

(2600 x 10 = 26,000)      =   Rs. 26,000.00 

 Straw yield is 6200 @ Rs.1/kg 

(6200 x 1 = 6,200)                 = Rs. 6,200.00 

 

Gross income       =    Rs. 32,200.00 
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iii) Net income 
Net income = Gross income – Total cost of cultivation 

=   32,200 - 20,750 

=   Rs. 11,450.00/ha 

iv) Benefit cost ratio 

     Gross income 
B:C ratio   =    ----------------------------------- 

Total cost of cultivation 

32,200 
=       ------------- 

20,750 

=  1.55 

3)  Butachlor application 
i)Total cost of cultivation 
 Cost of cultivation except weed management  = Rs.18,750.00 

 Cost of weeding 

a) Application of butachlor @ 1.25 kg a.i / ha 

/ Butachlor requirement is 2.5 lit / ha @                     

Rs.300.00/lit (2.5 x 300 = 750.00)                           = Rs. 750.00 

 Spraying charge        = Rs. 100.00 

Total cost of cultivation       =  Rs. 19,600.00 

ii) Gross income 

 Grain yield is 3500 kg /ha @ Rs.10.00/kg 

(3500 x10 = 35,000.00)       = Rs. 35,000.00 

 Straw yield is 8400 kg /ha @ Rs.10.00/kg 

(8400 x1 = 8400.00)       = Rs. 8,400.00 

Gross income    = Rs. 43,400.00 

iii) Net income 
Net income     =  Gross Income - Total cost of cultivation 

=  43,400 – 19,600 

= Rs. 23,800.00/ ha 

iv. Benefit cost ratio 
Gross income 

B: C ratio   =  ------------------------------- 
                                                      Total cost of cultivation 

43,400 
                                                     =    ----------- 

19,600 

     =    2.21 
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4)  Application of butachlor + one hand weeding 
i) Total cost of cultivation 
 Cost of cultivation except weed management           =   Rs.18,750.00 

 Cost of weeding 

Butachlor requirement is 2.5 lit / ha 

@ Rs.300.00/lit (2.5 x 300 = 750.00)               =   Rs. 750.00 

 

Labour requirement for weeding is 25 /ha 

@ Rs. 80.00/day (25x80 = 2000)              =     Rs. 2,000.00 

 

                  Total cost of cultivation             =   Rs.21,600.00/ha 

ii) Gross income 
 Grain yield is 5300 kg /ha @ Rs.10.00/kg 

(5300 x10 = 53,000)       =     Rs. 53,000.00 

 

 Straw yield is 11,600 kg /ha @ Rs.1.00/kg 

(11,600 x1 = 11,600)                  = Rs. 11,600.00 

 

Gross income                 =       Rs. 64,600.00/ha 

iii) Net income 

Net income     =  Gross Income - Total cost of cultivation 

=  64,600 – 21,600 

= Rs. 43,000/ ha 

iv) Benefit cost ratio 
Gross income 

B: C ratio    =     ------------------------------ 
Total cost of cultivation 

                                                                           64,600 
= ------------- =  2.99 

                                                                           21,600 

5) Application of Butachlor + 2,4 – D 
i) Total cost of cultivation 
 Cost of cultivation except weed management  = Rs. 18,750.00 

 Cost of weeding 

A) Butachlor requirement is 2.5 lit /ha  @ Rs. 300.00 / lit    = Rs. 750.00 

B) 2,4 –D application @ 0.5 kg a.i./ ha 

@ Rs. 650.00ml (0.65 x 250 = 156.25)     =   Rs. 157.00 

C) Spraying charge @ Rs. 100.00/ spray    =   Rs. 200.00 

Total cost of cultivation      =   Rs.19,850.00/ha 
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ii) Gross income 
 Grain yield is 4200 kg /ha @ Rs.10.00/kg 

   (4200 x10 = 42,000)       = Rs. 42,000.00 

 Straw yield is 9,200 kg /ha @ Rs.1.00/kg 

   (9,200 x1 = 9,200)       = Rs. 9,200.00 

Gross income               =     Rs. 57,200.00/ha 

iii) Net income 
Net income     =  Gross Income - Total cost of cultivation 

=  51,200 – 19,857 

= Rs. 31,343.00/ ha 

iv) Benefit cost ratio 
   Gross income 

B: C ratio    =     ------------------------------ 
       Total cost of cultivation 

57,200 
= ------------- = 2.58 

19,857 

6) Two hand weedings 
i) Total cost of cultivation 
 Cost of cultivation except weed management      = Rs. 18,750.00 

 Cost of weeding 

Labour requirement for weeding is 25 /ha 

@ Rs. 80.00/day (25x2x80 = 4000.00)             = Rs. 4,000.00 

Total cost of cultivation            =     Rs. 22,750.00/ha 

ii) Gross income 

 Grain yield is 5350 kg /ha @ Rs.10.00/kg 

  (5350 x10 = 53,500)     =    Rs. 53,500.00 

 Straw yield is 11700 kg /ha @ Rs.1.00/kg 

  (11,700 x1 = 11,700)   =    Rs. 11,700.00 

Gross income     =    Rs. 65,200.00/ha 

iii) Net income 

Net income     =  Gross Income - Total cost of cultivation 

=  56,200 – 22,750 

= Rs. 42,450.00/ ha 
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iv. Benefit cost ratio 
        Gross income 

B: C ratio    =          ------------------------------ 
             Total cost of cultivation 

42,450 
= ------------- 

22,750 

=  1.87 

 

Summary 

S.No. Treatments Total cost of 
cultivation (Rs./ha) 

Gross income 
(Rs./ha) 

Net income 
(Rs./ha) 

B:C 
ratio 

1. Unweeded control 18,750.00 23,700.00 4,950.00 1.26 

2. One hand weeding 20,750.00 32,200.00 11,450.00 1.55 

3. Application of butachlor 19,600.00 43,400.00 23,800.00 2.21 

4. Application of butachlor 
+ one hand weeding 

21,600.00 64,600.00 43,000.00 2.99 

5. Application of butachlor  
+ 2,4 – D 

19,857.00 51,200.00 31,343.00 2.58 

6. Two hand weeding 22,750.00 65,200.00 42,450.00 1.87 

Result 
Pre emergence application of butachlor @ 1.25 kg a.i./ha followed by one hand weeding registered 
maximum net income of Rs. 43,000/ha with benefit cost ratio of 2.99. 

Inference 
Integrated application of butachlor with one hand weeding is the best one for obtaining maximum income in 
the transplanted rice. 
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Chapter - 14 

PERSISTENCE OF 
HERBICIDES IN THE SOIL 
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The length of time that the herbicide remains active or persists in the soil is extremely important as it relates 
to phytotoxic after-effects that may prove injurious to succeeding crops or plantings. 

The factors affecting the persistence of herbicide in the soil are micro-organism decomposition, chemical 
decomposition, adsorption on the soil colloids, leaching, volatility, photodecomposition, and plant uptake. 

a. Micro-Organism decomposition 
Organic compounds of the soil provide food for the soil microorganisms, except for a very small group of 
organisms that feed on inorganic sources. Microorganisms use all types of organic matter, including organic 
herbicides. Some chemicals are easily decomposed (easily utilized by the microorganisms), whereas others 
resist decomposition. 

b. Chemical decomposition 
Chemical decomposition destroys herbicides through interaction with the soil constituents of oxygen, 
hydrogen or water. Hydrolysis (interaction with water), for example, is responsible for inactivating atrazine 
in the soil. 

c. Adsorption by the Soil 
Herbicides tend to leave the soil solution and are adsorbed by clay and organic matter particles making the 
herbicide unavailable for uptake by the weed. 

d. Leaching 
Leaching is the movement of herbicide in solution through the soil. Leaching occurs in any direction 
(downward, upward, sideways). In general, those herbicides which are completely water-soluble are most 
easily leached. Salts of 2,4-D are water-soluble and leach readily through porous, sandy soils whereas esters 
of 2,4-D are low in solubility and do not leach easily. 

e. Volatility 
Herbicides have been known to move upward in the soil. If water evaporates from the soil surface, water 
may move slowly upward along with soluble herbicides molecules. As the water evaporates, the volatile 
gases may drift to susceptible plants such as those from the ester forms of 2,4-D causing injury to susceptible 
crops such as tomatoes or grapes. 

f. Photodecomposition 
Ultraviolet light from the sun decomposes many herbicides applied to the soil surface. 

g. Plant uptake 
The uptake of herbicides by plant roots results in their removal from the environment; hence, reduced 
concentrations in the soil. 

Table-14.1: Maximum residue limits (MRL) permitted in crops 
Herbicide Crop MRL 
Alachlor Groundnut 0.05 

 Sorghum grain 0.10 
 Sorghum fodder 1.00 
 Cotton seed 0.05 

Atrazine Sorghum and Corn grain 0.25 
 Sorghum and Corn forage 15.00 
 Sugarcane 0.25 
 Wheat grain  and Straw 0.25 

Butachlor Rice rough 0.50 
 Rice straw 3.00 
 Rice bran 0.50 

Diphenamid Peanut 0.10 
 Soybean 0.10 
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Diuron Cotton seed 1.00 
 Sorghum grain 1.00 

Dalapon Banana 5.00 
Fluazifop-butyl Cotton seed 0.10 

 Soybeans 1.00 
Fluchloralin Cotton seed, vegetable 0.05 

 peanut, soybeans and sunflower  
Glyphosate Peanuts 0.10 

 Banana 0.20 
 Tea dried 0.10 
 Guava, mango and grapes 0.20 

Metolachlor Peanut 0.10 
 Sorghum grain 0.30 
 Sorghum fodder 2.00 
 Soybeans and Cotton seed 0.10 

Metribuzin Soybean, sugarcane and tomato 0.10 
 Wheat grain 0.75 

Nitrofen Vegetable, onion, cabbage, carrot, etc 0.75 
Molinate Rice grain and straw 0.10 

Oxadiazon Peanut 0.50 
 Rice grain 0.05 
 Rice straw 0.20 

Oxyfluorfen Banana, cotton seed, soybeans 0.05 
 vegetables and fruit crops  

Paraquat Sugarcane  and cotton seed 0.50 
 Banana, vegetable and sorghum 0.05 

Pendimethalin Sorghum. groundnut, cotton seeds, seeds, corn, beans and onion 0.10 
 Rice grain 0.05 
 Wheat grain and straw 0.10 

Simazine Banana 0.20 
 Corn and sugarcane  

Thiobencarb Rice grain 0.20 
 Rice straw 1.00 
 Barley grain 0.50 
 Barley forage 20.00 
 Corn seed, fruits and vegetables 0.10 
 Rice 0.10 
 Rice straw 20.00 
 Sorghum 0.50 
 Sugarcane 2.00 
 Wheat grain 2.00 
 Wheat straw 20.00 

Source: The pesticide chemical news Guide 1985 by Food Chemical News. INC 1982(202) 544-1980. 
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BIOASSAY OF HERBICIDE 
The applied herbicides in the soil are subjected to various reactions like absorption by weeds, volatilization, 
plant decomposition, chemical decomposition, microbial decomposition, absorption by clay colloids and 
some amount of herbicide is left over in the soil as residue. The remaining active time period in the soil as 
persistence will affect the germination of succeeding crop. The observations are generally made on crop 
starting from 3-4 days of sowing on the germination of crop later on the stand of the crop. These effects on 
crops could be grouped as quantitative and qualitative. 

a. Quantitative observation 
These are related observations on the plant height, number of leaves, leaf area, dry matter, time of flowering, 
ear head size, yield etc. On the weeds, the observations are quantitative and also qualitative. Quantitative 
observations are related to weed species associated, their initial numbers and their increase in number (or) 
frequency, predominant / and dry matter at different time intervals. 

b. Qualitative observations 
These are visual observations on greenness of crop/weeds yellowing, necrosis and damaged parts. 
Qualitative observations like discoloration of leaves, drying of leaves, stunted growth, scorching of leaves, 
necrosis and drying of entire plants etc. and on their intensity. Some of the characters on the crop plants are 
also rated with the observations visually made on the effect of herbicide applied. Another way of rating of 
damage to herbicide (in %) is given by European Weed Research Council (1976) ratings both on the crops 
and weeds and is presented in Table.14.2. 

Table-14.2: Rating of phytoxicity 
Ratings % of crop injury Verbal description 

1 0 No injury, no reduction in crop plant number 
2 1- 3.5 Slight discoloration in the crop 
3 3.5 - 7 Moderate but not lasting damage 
4 7 - 12.5 Moderate and more losing, they need more time to recover 
5 12.5 - 20 Medium and lasting 
6 20 - 30 Heavy damage 
7 30 - 50 Very heavy in reduction in crop stand 
8 50 - 90 Nearly destroyed 
9 100 Completely destroyed 

To quantify the herbicide effect like phytotoxic symptoms either on crop or weeds is generally projected 
with rating starting from 0 to 10 as indicated below: (European weed Research Council (1976) 

Table-14.3: Qualitative description of visual scoring scale 
Effect or damage 

observed Ratings Description of Phytotoxicity 
Weed Crop 

No effect 0 No weed control No injury 
Light effect 1 Poor control Slight leaf  discoloration 

 2 Poor control Some stanch has lost 

 3 Poor deficient control Injury root pronounced, recovery is 
possible 

Moderate 4 Deficient Control Moderate injury, injury is distinct, but 
recovery is possible 

 5 Deficient-moderate 
control Recovery is doubtful, near sever injury 

 6 Moderate control No recovery is possible 
Severe 7 Satisfactory control Sever in dry and stand least 

 8 Good control Almost destroyed s very few plants left 
 9 Good excellent control Plant may be removed or ploughed 

Complete 10 Complete control Complete crop destruction. 
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Experimental procedure 
Bioassay experiment is used to measure or determine the concentration of a herbicide in a substrate, are 
usually conduct with sensitive plants which is also known as indicator or test plant e.g., cucumber, 
blackgram, tomato etc. The test plants are growing vigorously and rapidly. Bioassay method is relatively 
accuracy and simple to quantify the herbicide concentration in terms of phototoxic activity of the herbicidal 
molecules in the soil without any expensive analytical instruments. In bioassay an indicator plant is grown in 
herbicide treated soil and the response is compared with that sign shown by the plants grown in untreated 
soil. The relationship between herbicide dose and plant response (% ) can be compared in herbicide dose 
response curve.  When the response is plotted against dose on an arithmetic scale a smooth curve is obtained.  
If the response is plotted against the logarithmic values of the doses, this smooth curve assumes a 
symmetrical sigmoidal form.  When the percentage kill is transformed to probit values and plotted against 
log dose values the sigmoid curve becomes a straight line. 

The response is evaluated either qualitatively by using the visual rating symptoms or quantitatively by using 
the green or dry weight of shoots.  Once the dose response curve is established with known concentrations of 
a herbicide the plant response in soil containing unknown herbicide residue is compared with this curve and 
the quantity of residue is determined. 

Dose response curve 
Take a plastic/mud pot and fill it with 1kg of soil, Ten number of indicator plant seeds were sown at uniform 
depths in all the pots prepare known quantities [0,0.1,0.2,0.4,0.8,1.6,3.2 ppm] of standard herbicide solution 
by serial dilution by using pure chemicals Add these standards in equal amounts [50 + 100   ml] to each pot 
and  replicates the experiment. After one week, take germination count and retain 2- 3 healthy plants per pot 
by thinning. Take the plant height at 4 WAS and cut the plants close to the ground and weigh the fresh and 
also dry weight of the plant. Plot the values is a graph by taking concentration of herbicides in X axis and 
plant parameters in Y axis. A curve is established known a dose response curve. It ranges from nil to 
complete death. At a particular dose 50% of the plants were killed and it is known as LD 50. 

Determination of herbicide residue in the substrate 
Surface soil samples were collected from fields from which have to find out the residues levels and filled it 
in pots under green house conditions and test species was grown. The plant response values in the soil 
containing unknown herbicide residue is compared with known concentration dose response curve and the 
quantity of residue is determined. 
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Chapter - 15 

ALLELOPATHY AND 
WEED MANAGEMENT 
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Continuous use of heavy doses of agro chemicals is encouraging resistance development in different pests 
and endangering the natural ecosystem. In this context, the resistance development among weeds to 
herbicides is of great concern. Researchers reported that, most agricultural systems collectively use more 
than three million tonnes of herbicides per year. The use of herbicides also causes the selective growth of 
weeds. 

Resistance to specific synthetic herbicides is increasing dramatically in the last two decades leading to 
degrade the agroecosystems and lowering the land values. Now it is imperative to concentrate on research to 
find out some natural extract to control this menace, thereby minimizing or avoiding the frequent use of 
herbicides in future the allelopathic effect of different plants is drawing attention of many researchers in the 
recent past. 

Allelopathy 
The term allelopathy, originated from the Greek word `allelon' meaning `each other' and `pathos' meaning 
`suffering' and was coined by plant physiologist Hans Molisch (1937). `Pathos' also means `feeling', or 
`sensitive' and could therefore be used to describe both positive (sympathetic) and negative (pathetic) 
interactions. Molish (1937), used to describe both beneficial and harmful biochemical interactions between 
microorganisms and plants. Currently Allelopathy refers to the detrimental effects of higher plants of one 
species (the donor) on the germination, growth, or development of plants of another (receptor) species. 

Allelochemicals 
Chemicals that impose allelopathic influences are called allelochemicals or allelochemics. Allelochemicals 
produced by a plant escape into the environment and subsequently influence the growth and development of 
neighboring plants. Putnam (1988) listed 6 classes of allelochemicals namely alkaloids, benzoxazinones, 
cinnamic acid derivatives, cyanogenic compounds, ethylene and other seed germination stimulants, and 
flavonoids which had been isolated from over 30 families of terrestrial and aquatic plants. All these 
chemicals possess actual or potential phytotoxicity. 

ALLELOPATHIC POTENTIALITY OF CROP PLANTS 
Different crops such as beet (Beta vulgaris L.), lupin (Lupinus lutens L.), maize (Zea mays L.), wheat 
(Triticum aestivum L.), oats (Avena sativa L.) and barley (Hordeum vulgare L.) are known to have 
allelopathic effect on other crops. Different allelopathic compounds of some crops, important in weed 
management are presented in Table 15.1 . 

Table - 15.1  Allelochemicals of some important crops 
Crops Scientific name Allelochemicals 

Rice Oryza sativa Phenolic acids 

Wheat Triticum aestivum Hydroxamic acids 

Oat Avena sativa Phenolic acids & Scopoletin 

Sorghum Sorghum bicolor Sorgoleone 

Clovers Trifolium spp Isoflavonoids and Phenolics 

Black mustared Brassica spp. Isothiocyanate 

RICE (Oryza sativa L.) 
Rice allelopathy is active against both monocot and dicot weeds. Rice residues have the allelopathic potential 
against Echinochloa crusgalli P. Beauv. var. oryzi-cola Ohwi (barnyardgrass), an associated weed of paddy. 
A rice cultivar (Taichung Native 1) has also shown activity against most of the weeds including 
barnyardgrass, desert horsepurslane (Trianthema portulacastrum L.). Microscope studies revealed that 
allelopathic rice cultivars seem to inhibit secondary growth in barnyard grass roots besides reducing root 
elongation (Fig. 15.1). 
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Fig.15.1  Photomicrographs of Echinochloa crus-galli roots grown 

together with (a) non-allelopathic rice and (b) allelopathic rice. Secondary 
root growth is inhibited by the allelopathic rice cultivar 

WHEAT (Triticum aestivum) 
The diluted extracts of roots, leaves and stems of wheat have allelopathic effect on certain weed species eg. 
ivyleaf, morning-glory (Ipomoea hederacea) was most affected and barnyardgrass (Echinochloa crusgalli) 
was least affected. 

SORGHUM (Sorghum bicolor) 
Incorporation of sorghum stalks into soil is phytotoxic to the growth of certain weeds like Phalaris minor, 
Chenopodium album, Rumex dentatus and Convolvulus arvensis. A single spray of 5 per cent sorgaab (water 
extract of mature stalk of Sorghum plants obtained after soaking in water for 24 h and sprayed as a natural 
herbicide) solution applied 30 days after sowing increased wheat yields by 14 per cent and suppressed weed 
biomass by 20–40 per cent. 

MUSTARD (Brassica spp. L.) 
Brassica spp. strongly suppressants of spiny sowthistle (Sonchus asper), scentless mayweed (Matricaria 
inodora), smooth pigweed (Amaranthus hybridus), barnyardgrass (Echinochloa crusgalli), blackgrass 
(Alopecurus myosuroides) weeds germination. 

LEGUMES 
The mulch of dead pea plants to control the growth of several weeds. The toxic effect of four legumes 
velvetbean (Mucuna deeringiana), Leucaena leucocephala and wild tamarind (Lysiloma latisiliquum) on 
growth of barnyardgrass (Echinochloa crusgalli) and amaranth (Amaranthus hypochondriacus) weeds. The 
aqueous leachates (1%) of all four legumes exhibited strong phytotoxic effect on the radical growth of the 
weeds. 

ALLELOPATHIC POTENTIALITY OF WEEDS 
Many weeds are now achieving importance as an agent of weed control for having special types of 
allelochemicals. These allelochemicals are capable of suppressing germination and growth of several other 
weeds, some of which are herbicide resistant. 

CONGRESS GRASS (Parthenium hysterophorus) 
Parthenium hysterophorus is an obnoxious weed of present day, which is creating problem by its huge 
proliferation in any place.  The allelopathic effect of P. hysterophorus is mainly due to the presence of 
parthenin, having greatest concentration in the leaves followed by inflorescence, fruits, roots and stems. 
Parthenin enters the soil through the decomposing leaf litter and have specific inhibitory effects on root and 
shoot growth of Crotalaria mucronata, Cassia tora, Oscimum basilicum and Oscimum americanum. 

CANARY GRASS (Phalaris minor) 
Phalaris minor had the allelopathic potentiality in the following order: Chenopodium album < Medicago 
denticulate < Melilotus indica < Convolvulus arvensis (inhibiting 100% germination over control). 

MORNING GLORY (Ipomoea tricolor) 
Similarly, some species of Ipomoea are used as green manures and as a weed controller in some tropical 
regions of Mexico. In sugarcane (Saccharum officinarum) fields farmers promote Ipomoea tricolor growth 
before sugarcane cultivation. Tricolorin A as the major phytogrowth inhibitor from the resin glycoside 
mixture of the plants. 
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Lantana camera 
Aqueous extracts of Lantana camera twigs inhibit the germination and growth of rice and associated weeds 
(Echinochola colonum, Digitaria, sanguinalis, Panicum psilopodium and Commelina benghalensis). 

There are many limitations in using allelopathic potentiality  in a weed management tool. The limitations are 
both because of plant itself, producing allelochemicals and the environmental condition. Various abiotic and 
biotic factors, such as plant age, temperature, light and soil conditions, microflora, nutritional status, and 
herbicide treatments influence the production and release of allelochemicals, although allelopathy is 
considered as a genetically influenced factor. 

In spite of that some points to be consider before implication of allelochemicals as natural herbicide: (i) 
along with laboratory experiments field experiments are exclusively needed to study its interaction with 
various physical, chemical, biological and physicochemical properties of soil. (ii) the movement of 
allelochemicals, mode of action, selectivity etc should be broadly studied and (iii) the impact of use of 
allelochemicals from agronomic and environmental point of view needs special attention. 

Methodologies for studying allelopathy 
The methodology chosen to determine the existence of naturally occurring toxic substances must be effective 
and easily reproducible. Allelochemicals may be isolated by using organic solvent extraction or cold water 
infusion. The physiological activity of a toxin may be studied by using various bioassay procedures. The test 
plants or seeds should be exposed or treated with the putative allelochemicals. Meaningful interpretation of 
results can be drawn when only the toxins “released” by allelopathic plants are used to test for physiological 
activity.  Although the extracts of living or dead plant materials could be useful in testing for allelopathic 
effect, they are not the same as toxins naturally released in to the environment. 

One techniques widely used for isolation of inhibitory root exudates is the stair – step system (Fig.15.2). In 
this system the donor (allelopathic) and recipient (test) plants are grown separately in sand solution with the 
pots alternated in a stair – step fashion. The soil solution is circulated from donor plant to recipient plant and 
back again several times. In a modification of this technique, an exchange column is inserted between donor 
and recipient plants, so that the substance exuded by roots of the donor can be isolated and bioassayed for 
phytotoxicity. In these systems, water, nutrients, light and air must be the same at each step of the staircase 
and never limiting. 

 
Fig.15.2. Schematic representation of the stair-step technique for the study of allelopathy 
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INTEGRATED WEED 
MANAGEMENT 

 



 

 PRIMER ON WEED MANAGEMENT 

75 

Integrated Weed Management (IWM) is a sustainable approach to managing weeds by combining cultural, 
physical, biological and chemical tools in a way that minimizes economic, health, and environmental risks. 
Control of undesirable plants without improved management is usually unsuccessful. Balanced approaches to 
successfully managing the resource include the following processes 

 Managing the resource to prevent weeds from invading. In general integration of preventive, cultural, 
physical, chemical and biological strategies are utilized for the effective weed management. 

 proper identification and knowledge of invasive weed species 

 inventory, mapping and monitoring of weed populations and damage 

 making control decisions based on knowledge of potential damage, cost of control method and 
environmental impact of the weed and control decision 

 using control strategies that may include a combination of methods to reduce the weed population to an 
acceptable level 

 evaluating the effectiveness and effects of management decisions 

PREVENTATIVE STRATEGIES 
Prevention is better than cure is very helpful in checking the introduction of new weeds Wind, water, 
livestock and human are the major agents of weed dispersal. When weeds are spread by natural agents, 
control is very difficult or impossible. When human is the weed dispersal agent, carelessness or a lack of 
understanding of his actions is responsible. 

 Sow certified crop seeds: In the long run, cheap seed is usually the most expensive. Certified seed has a 
lower allowable tolerance for noxious weed seeds. 

 Clean machinery: Wash farm machinery before transport to clean weeds and mud which contains weed 
seeds. 

 Destroy heavily weed infested crops prior to weed seed production. 

 Control weeds in feed and bedding grounds: Many weed seeds pass through the animal's digestive tract 
intact and viable ( Endozoochory) that can be minimized. 

 Use only well decomposed manure 

 Practise total farm weed control: Clean fence lines, irrigation ditches, stockyards, farm roads, etc. to 
prevent spread by natural or other means. 

IWM PLANNING AND IMPLEMENTATION 
A successful weed management program requires a plan to its success: 

Step 1. Diagnosis of the problem 
Weed identification and its habitats are the principal key to diagnosis the problem. It is also important to 
know something about the biology of the weed. Is it a perennial or an annual? If perennial, is it taprooted or 
creeping-rooted? If annual, is it a winter annual or a summer annual? This knowledge is critical to choosing 
control strategies and timing. 

Step 2. Planning the program 
Once properly identified the weed and determined the problem, the next step is planning. 

Step 3. Implementing the program 
Early diagnosis and early treatment are the keys to success. 

Step 4. Monitoring Success/Failure 
It is essential to review records to determine what worked and what didn't so that improvements can be made 
in subsequent programs. 
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Fig.16.1. Resource management model 

a. Rice 
In India due to weeds the production cost is about 15million tonnes  and the yield reduction due to weed in 
transplanted rice is 15-20 per cent and 30-35 per cent in direct sown on pudded soil and more than 50% in 
upland rice. 

The critical period for weed management in transplanted in rice is up to 35 days and in upland rice it is 60 
DAS 

IWM for Transplanted rice 
 Summer ploughing before rice cultivation kills all the weed seeds and egg masses of insects and 
pathogens. 

 Allow sheep, goat. Cow, cattle’s to graze in off season. 

 Flooding by continuous flooding for 2-3days annuals  and sedges are controlled but brood leaved weed 
are selectively in unaffected by flooding. 

 Through land prepuation [proper leveling] hand pick the rhizomes of Cyperus (or) all cow pigs which will 
eat rhizomes. 

 By puddling all the weeds  are buried inside the soil. 

 Trimming and pleshering the buds . 

 Select tall growing rice varieties dwarf and semid-dwarf rice varieties are poor compatiters of weeds. 

 Purchase crop seeds free from weed seeds. 

 Transplant weeds free rice seedlings. 
 By proper water management at the time of transplanting water must be deep enough to cover the weeds 
but not the rice seedlings. 

 Adopt line method of planting (SRI method favour use of cono weeders 
 Reduce incidence of weeds when it is placed as urea, super grawles. 
 Two hand weedings it needs 15 – 20 women labour for each weeds ( first at 15 – 20 DAT and second at 
35 – 40 DAS). 
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 Application of any one of the pre emergeble herbicide  on 3 – 4 DAS followed by 2,4  - D post emergence 
herbicide @ 1.25 Kg / ha on 2 DAS or when the weeds are in 3 – 4 leaf stage weed management for direct 
sown rice on pudded soil. 

b. Upland rice 
Weed competition is quite severe under upland condition compared to low land rice. The failure of 
germination due to moisture stress uneven land and poor growth rate of rice provide opportunity for weeds to 
grow properly and more vigorously then rice crop 

 Two hand weeding on 15 – 20 DAS and second on 45 days after first weeding. 

 application of pendimethalin @ 3 lit / ha on 8 DAS if adequate moisture is available followed by one 
hand weeding on 30 – 35 DAS other herbicide is particular  (Rifit) or pertilachlor + safener (sofit) 

c. Sorghum [Sorghum bicolor] 
Weed reduces the grain yield to an extant of 75% under unweeded condition. 

The important weeds that occur predominantly in sorghum field the grasses weeds. Cynodon dactylon, 
Echinochloa colonum, Digharia Saugcanains etc., 

 Increase in density of sorghum + pigenopea system resulting in drastic reduction in the weed dry matter. 

 The pre emergence herbicides used in sorghum on proporzine, atrazine, simazine, narrow flumenuron 
alachlor. 

 Atrazine at 0.25kg/ha are pre –emergence application with the hand weeding on 30th days. Pre –
emergence application of atrazine followed by hand – weeding is economical and leaves no residues in 
the succeeding crop. 

 When peremial duck weed [solanmdaegn] foliar and parasitic weeds striga are predominant, post 
emergence application of 2,4-D sodium salt 1.0kg /ha followed by the hand weeding helpful. 

d. Maize 
Maize is highly sensitive to weed competition during its early growth periods. It growth is very slowly 
during the first 3-4 weeks and it this period the weeds established well they become competitive. 

e. Pearl millet /Cumbu: 
Cumbu in generally grown in low fertile soil during the weed flora the occur in irrigated pearl millet are train 
thema portulacustrum, Amaranthus viridis in BLW Grasses like Cyperous sp. Application of Atrazine can be 
mix with sand by adding water and uniformly spread over the field in most surface can bemired with  water 
and sprayed. 

f.Sugarcane 
Weeds can cause 12 to 72 per cent yield reduction in sugarcane due its planted in wider spacing, early 
growth is slow and grown with sufficient irrigation and fertilizers. The initial 90 days period of the crop is 
considered as most critical. An integrated weed management model for sugarcane is follows 

Operation  Objectives 
Deep ploughing : To remove perennial weeds, to bury weed seeds 
Repeated ploughing before planting : To reduce weed growth  before planting 
Obtaining clean setts, irrigation channels, FYM  To prevent weed spread 
Pre emergence herbicide application of Atrazine 
@ 1.75 kg a.i /ha 

: To check weed growth during the critical period 

Post emergence herbicide application of 2,4- D @ 
1.0kg a.i /ha 

: To check persisting broad leaved weeds growth 

Intercultural + hand weeding : To remove left over weeds 
Intercropping, mulching : To smother weeds in between cane rows 
Crop rotation : To suppress dominant weed flora 
Fallowing : To expose, active hidden weed seeds then destroy 
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Other effective preemergence herbicide are atrazine, simarzine, alachlor, amenym, dicron, mutacron 
oxyflourodon etc, the post emergence herbicides that are effective in sugarcane are glyphosate dalapon 
paraquat, 2,4-D. 

g. Groundnut 
It has been estimated that the reduction in yield to 77% due to weed infestation.  Weed competition is critical 
up to 45 days after sowing groundnut. Rotary weeds flexible spike weeder and cultivator all used efficiency 
to control weeds the rotary weeders is often used to control early small weed seeding and finally use many 
reduce cultivating time by 25% and hand hoeing up to 50%. 

h. Pulses 
Pulses normally grow very short and as a result a dense growth of weeds can smooth the crop plants. Pulses 
such as green gram, Black gram, soyabean, cowpeactc., have identical weed problems and the critical period 
of weed competition in these pulses is generally 30 days sowing thus weeds control practices during this 
period are essential for getting good yields. 

Thus the pre-emergence herbicide that are used for weed control in mung bean are alachlor (112kg/ha) 
fluchlorin (10 to 11.5kg/ha) nitrofen (0.75-1.5kg/ha and terbutyn (1-1.5kg/ha ) 

Table-16.1: Ready reckoner IWM for important field crops 
S. 

No. Crop 
Crop weed 
competition 

period & yield 
loss 

Mechanical 
method 

Chemical method 
herbicide rcommended 

dose (kg ai/ha) 
Time of 

application 

1 Rice 
(Transplanted) 
 
 Upland Rice 

15-45 DAT  
Loss 20-40% 

Two Hw on  
20 & 40 DAT 
Entire period 

2.4-D Na salt 0.8  
 
 
2.4-D ester 0.9 
Benthicarb 2.0 
Butachlor 1.25 
Pendimethalin 0.75 – 2.0 

21-28 DAT 
 
 
5-7 DAT 
2-3 DAT 
2-4 DAT 
3-5 DAT 

2 
 

Sorghum 
 

15 – 45 DAS 
Loss 20-60% 
 

Two Hw on  
15 & 30 DAS 

Atrazine 0.25-1.5 
Simazine 0.5-1.0 
2.4-D ester 0.9 
2.4-D Na salt 0.75 
 

PE 
PE 
2-3 DAS 
Post E 

3 
 

Maize 
 

15-35 DAS 
Loss 50-60% 
 

Two Hw on  
15 & 30 DAS 

Atrazine 1-2.0 
Simazine 0.5-1.0 
2.4-D ester 0.9 
alachlor 0.75 
Pendimethalin 1.0 

PE 
PE 
2-3 DAS 
PE 
PE 

4 
 

Cumbu 
 

30-35 DAS 
Loss 50% 

Two Hw on 
15 & 30 

Atrazine 0.5 
Propazine 0.5 

PE 
PE 

5 
 

Wheat 
 

Upto 30 DAS 
loss 10-40% 
 

Two Hw on 
15 & 30 DAS 
 

2.4-D 0.8-1.0 
2.4-D Na salt 0.4-1.0 
2.4-D easter 0.45 
Isoproturon 1.0 
Methabenzthiozuron (winter 
wheat)2.0-3.5 
Oxyfluorfen 0.1 -0.125 
Terbutryn 1.5-3.0 
Pendimethalin 1.0 

21 DAS 
28-35 DAS 
30-45 DAS 
30-35 DAS 
Pre or  
Post E 
PE 
Post E 
PE 

6 
 

Barley Upto 30 DAS 
 

 2.4-D Na salt 0.75 
2.4-D amine 0.75  
Isoproturan 0.75 
Pendimethalin 1.0 

Post E 
PE 
Post E 
PE 

7 Ragi <45 DAT Two Hw on 
15 & 30 DAT 

Butachlor 1.25  
Fluchloralin 1 
Pendimethalin 0.75 
2.4-D Na salt 0.5 

PE 
PPI 
PE 
Post E 

8 
 

Red 
gram/Pigeon 
pea/Arhar 

<60 DAS 
 

Two Hw on  
15 & 35 DAS 
 

Fluchlorlin 0.75 
Pendimethalin 0.75 
 

PPI 
Post E 
 

9 Bengal gram < 60 DAS Two Hw on 
 25 & 60 DAS 

Basalin 1kg 
Tribunil 2.5kg 

PPI 
Post E 

10 Horse gram < 45 DAS One Hw on  
20 - 25 DAS 

               -  - 

11 Black gram <30-45 DAS Two Hw on 
20 & 40 DAS 

Fluchloralin 1.0 
 

PPI 

12 Green gram <45 DAS Two Hw on 
20 – 25 & 
45DAS 

Fluchloralin 1.0 
 

PPI 

13 Cow pea <25 DAS Two Hw on 
 20 & 40 DAS 

Fluchloralin 1.0 
 

PPI 
 

14 Soybean <45 DAS Two Hw on Fluchloralin 1.0 PPI  
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15 Peas <45 DAS 
 

Two Hw on  
15 & 30DAS 

Fluchloralin 0.75 
Tribunol 2.5  

PPI 
PE 

16 
 

Groundnut 
 

<45 DAS 
 

Two Hw on 
20 & 40DAS 
 

Alachlor 1.5-2.5 
Fluchloralin 1.25 – 1.75 
Nitrofen 3.0 – 4.0 
Pendimethalin 0.75-1.5 

PE 
PPI 
PE 
PE 

17 Sesamum <45 DAS 
 

Two Hw on  
20 & 40DAS 

Alachlor 1.5-2.5 
Fluchloralin 1.25 – 1.75 
Nitrofen 3.0 – 4.0 
Pendimethalin 0.75-1.5 

PE 
PPI 
PE 
PE 

18 
 

Caster 
 

<60 DAS 
 

Two Hw on 
30 & 60DAS 

Eptam 3-4 
 

PPI 

19 Rapeseed & 
Mustard 

Loss 30% 
 

 Nitrofen 1-1.5 
Isoproruron 1.0 

PE 
PE 

20 Linseed - Two Hw on  
20 & 40DAS 

MCPB 0.5 PostE 
 

21 Safflower             - Two Hw on  
20 & 40DAS 

Fluchloralin 1.0 PPI 

22 Sunflower <60 DAS Two Hw on  
30 & 60DAS 

Fluchloralin 1.0 PPI 
 

23 Cotton <60 DAS Two Hw  
25&– 45DAS 

Diuron 2.0 
Oxadiazol 1.5 
Fluchloralin  
1.25 – 1.5  

PE 
PE 
PPI   
 

24 Jute <40 DAS Two Hw on 
20 & 40DAS 

- - 
 

25 Sann-hemp - Hw on 30DAS - - 
26 
 

Sugarcane 
 

<90 DAS 
Loss 60-80% 
 

Two Hw on 
30 & 60 DAP 
 

Atrazine 0.5 - 2.5 
Nitrofen 2.5 - 5.0 
Simazine 1.0 – 2.0 
2.4-D 1.0 

PE 
PE 
PE 
POST E 

27 
 

Sugarbeat 
 

<45 DAS 
 

Three Hw on  
15–30 & 45 
DAS      

Pyramin 3.0kg 
Betanal 2.0kg 

PE  
Post E 

28 
 

Potato 
 

    - 
 

- Gramaxone  0.5-1.0 
Simazine 0.5-1.0 
Tok E-25 4 l 
Alachlor 1.0-2.0 

Post E 
PE 
PE 
PE 
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Chapter - 17 

WEED MANAGEMENT IN NON-
AGRICULTURAL SYSTEMs 
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Weeds in non-agricultural systems cause numerous problems in agroecosystems by the way of flourishing 
and becoming a  weed seed bank and also serve as an alternate host for several crop pests and diseases. They 
can compete with and displace native plants, animals, and other organisms that depend on them alter 
ecosystem functions and cycles significantly, hybridize with native species, and promote other invaders. This 
includes road side, rail roads, industrial sites, power lines, air fields etc. 

a. Road side 
Road side weeds are unpleasant since they serve as rich source of seed bank to infest the adjoining arable 
lands, host of many disease and insects that spreads to the nearby crops, visibility in intersections and bends 
is disturbed and may cause fire hazard to adjacent areas. 

 They can be controlled by certain mechanical methods like mowing burning, grazing, discing, hand 
pulling, slashing and hoeing as well as by chemical methods. 

 Triazines and urea, uracil herbicides serve as soil sterilants because of their long term residual activity. 
Malic hydrazide is a growth retardant reducing the need for mowing herbaceous weeds. 

 Herbicides viz. paraquat, glyphosate, 2, 4-D, dicamba, MSMA, 2, 3, 6 TBA may be used depending on 
the predominant weed species. 

b. Rail roads 
Railroads have a weed problem particularly from herbaceous and brush types. Undesirable vegetation is 
observed along rail tracks and track sides. Though not significantly realised by the Indian railways, lately the 
western zone of the railways had begun the use of paraquat and 2, 4-D to control herbaceous weeds. Most of 
the vegetation is cleaned by mechanical means like slashing, cutting, pulling and sickling.   

c. Industrial sites and air fields 
This includes factories, pipelines, electrical equipment sites, oil storage tank farms, ware houses, dams, 
parks, parking areas etc. Mostly herbaceous perennial and broad leaf weeds infest the industrial sites and air 
fields. To maintain a bare soil, soil sterilants are to be used. High rates of triazine, urea and uracils are used 
as soil sterilants. Herbicides viz., paraquat, glyphosate 2, 4-D, 2, 4-5-T, are useful in applying as mixtures, 
based on the weed species present. Choice of a soil applied herbicide depends upon soil type, rainfall, weed 
sp prevalent etc. 

d. Vacant areas in villages towns and cities 
Weeds in vacant areas are undesirable because most of the weeds are allergic to humans and cattle since they 
are poisonous in nature, nullify the beauty of the living environment and  dry they are fire prone. 

The best example in India is Parthenium hysterophorus, which is a serious menace in the country for the past 
25 years. Parthenium infestation was first observed in Pune in 1966. Since then it has spread to almost all 
parts of the country. It poses a health hazard as it causes chronic skin allergy, the suffering being very much 
unbearable were instance of suicide deaths by the affected persons were reported. 

 Parthenium eradication can be achieved by undertaking the following practices, 

 Destruction of existing growth before flowering by applying herbicides. 

 Applying soil applied herbicides to prevent seed germination. 

Herbicides act as the best and protective method in controlling the weeds. 

Pre emergence herbicides like Oxadiazon, atrazine, simazine, metribuzin give excellent preventive weed 
control. Post emergence herbicides like 2, 4-D of ethylamine and sodium salt formulations and combination 
of 2, 4-D + paraquat give promising effect. 

For control of other weeds in non arable lands above mentioned soil applied and foliage applied herbicides 
are effective. Combination of petroleum oils with over 25% aromatic content and phenol herbicides like 
DNBP, PCP and DNOC are effective in short statured weeds. 

It is the responsibility of the social bodies like municipalities, corporations, sanitary authorities, agricultural 
universities and department of agriculture to combat the weed problems in non cropped situations. 
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e. Pastures and Rangeland 
Weeds in pastures and rangeland reducing forage yield, lowering forage quality, and causing animal injury 
through toxicity or specialized plant organs (thorns and spines). If pasture health declines, weeds will exploit 
the situation and become established. Bare ground is the perfect environment for establishment of weeds. 
Once established, weeds must be controlled with mechanical or chemical methods. However, unless the 
pasture-management problem that caused forage decline is corrected, the grass will not re-establish and 
weeds will re-infest the area. 

Effective weed management begins with a healthy pasture. Weeds are seldom a serious problem in a well-
managed, vigorously growing pasture. Good pasture management involves the proper choice of the forage 
species and variety, an adequate fertility program, controlled grazing management, and pest management 
(weeds, insects, and diseases). If weeds persists integrated weed management is both an economically and 
environmentally sound approach to manage the weeds. 

Weed control in forest areas are taken up in the following situations, 

Nursery 
 If forest tree nurseries are to be maintained in a weed free environment 

 Under forest management programme unwanted shrubs and small tree growth are to be removed 

 In older established forest areas, cutting the old and unwanted species. 

 Suppressing or killing tall growing woody plants along forest roads and tracts. 

 Thinning out to maintain optimum population of a desired species. 

 As pre-planting herbicide methyl bromide is effective as fumigant in the nurseries. Nevertheless the 
following herbicides are known to be effective as pre emergence viz., atrazine, oxadiazon, oxyfluorfen, 
linuron, alachlor, monuron, simazine, diuron. 

 Application and incorporation of EPTC, Trifluralin, chlorpropham etc gives adequate control of undesired 
vegetation. 

In planting trees and maintaining them weed free, the following steps are to be ensured. 

 Physical obstacles to be reduced. 

 Providing a weed free seed bed for direct seeding 

 Removal of brush or herbaceous cover which interferes with the performance of planted stock. 

 Mechanical control is desirable rather than herbicide only. Tractor drawn brush cutters and bulldozer 
blades are employed for clearing the lands for reforestation. 

f. forest weeds 
i. Mechanical methods 
Grazing is a selective process wherein goats are employed. Animals choose the palatable species in clearing 
the bushes and at times cause shifts in the weed spectrum. Combination of grazing with cultural methods 
proved effective in preventing further weed emergence. 

ii.Burning 
It is very effective in high density infestations. Even then resprouting is a problem after burning. At this 
situation herbicides are useful. Burning is the cheapest and highly imperative in controlling the weeds. 

iii. Cutting and ring barking 
Cutting, chaining, removing the tree with roots are practiced by relevant tools. 

Tractors fitted with bulldozer blades, axes, chain saws, hand saws and winches are used for cutting the 
unwanted trees in the plains. Bulldozers tree dozers, root cutters and rakes are exclusively useful in sloppy 
terrains. 
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Complete removal of the cambium quite close to the ground level ensures ring barking and girdling. Any 
emergence of sprouts need to be removed and herbicide application on the ring will be fatal to the tree. 
Perhaps, girdling is the cheapest method of killing the undesirable tree vegetation, using an axe. 

iv. Chemical methods 
Herbicides application had proven effective and economical than mechanical control. The usages of 
herbicides are ensured in the following ways; 

 Dormant spray to full grown plants 

 Foliar application to full grown plants, seedlings and sprouts 

 Soil application of pre emergence herbicide in forest newly planted areas.eg. Organic herbicides viz. 2, 4-
D, 2, 4, 5-T, TCA, picloram, dicamba, dalapon glyphosate, amitrole T etc. has been commonly use. 

 In the case of basal and stump treatments with 2, 4-D + 2, 4, 5-T esters are effective against the dormant 
 buds in root-shoot transition area 

 For cut surface treatments 2, 4-D + 2, 4, 5-T, picloram and glyphosate are also very effective 

 Herbicides viz. 2, 4-D amine salt, glyphosate and picloram are effective in killing the woody species 
when applied on the girdled portion. 

 Injection treatments are done by making incisions spaced 2-5cm apart with ester and amine formulations 
of 2, 4, 5-T or 2, 4-D + 2, 4, 5T at 50:50  mixture. 

f. Woody plants 
Trees having underground buds from which new shoots or sprouts may develop are hardest to control. As the 
mechanical means of removing roots are costlier tress can be killed without regeneration by adopting 
chemical methods. 

 Drenching the root area with water mixed with 25g of 24D Na salt /  lit. 

 Frill treatment: 25 g of 24 D Na salt can be made into a paste with water and is applied around the trunk 
by removing a small portion of bark like a frill.  Applied area should be covered with cloth or cotton.  
Immediately after making the frill it has to be applied to have good control. 

 Agri tree killer: An agri tree killer with arsenic peroxide - 300g, Caustic soda- 200g, Casein -1.9g and 
Carbolic acid 1.25 ml mixed with one litre of water can be used. 

 Like frill treatment of 2,4-D Na salt this has to be also applied.  But care must be taken to apply the same 
because of high poisonous nature of Arsenic peroxide.  Using brush it can be applied and we should not 
touch the chemical in hand. 

Table. 17.1. Herbicide for non crop land 

Herbicides Rate 
(kg/ha) 

Target plants Area of application Remarks 

Amitrol – T 2-4 Annual broad-
leaf weeds, 

annual grasses, 
woody plants 

Railroads, road-sides 
fencerows and hard wood 

A second treatment may be needed 
to control. Applied when regrowth is 
young and growing actively. Edible 
crop or water for irrigation should 
not be sprayed. 

Imazethapyr 0.5-1 Annual grasses 
and broad 

leaves 

Railroad, utility and pipeline 
rights – of – way, utility plant 
sites, petroleum tank, 
pumping installation, 
fencerows non-irrigation 
ditch bank and storage areas. 

Readily absorbed by root and foliage 
providing both pre and post-
emergent control of weeds. It has 
excellent soil residual activity. 

Asulam 3.3-6.6 Grasses 
(Crabgrass, 
Paragrass, 

Boundary fences, ditch banks, 
fencerows, highway, 
roadside, pipeline, railroads 

It is applied post emergence 



 

 PRIMER ON WEED MANAGEMENT 

84 

Johnsongrass 
etc.) 

and utility rights-of-way, 
storage areas, industrial plant 
sites, warehouse lots 

Atrazine 4.8-10 Annual broad 
leaves and 

grasses 

-do- It is applied at this rate for longer 
residual control in areas of high 
rainfall 

Banvel 
(Dicamba) 

Product 
requires 

no 
dilution 

Woody brush 
and trees, of 

mixing. Apply 
to freshly cut 
surface. Frill, 

girdle or stump 
treatment. 

Forest and non-crop areas 
including fencerows; drainage 
ditch banks and rights-of-way 

Frill or girdle treatments should be 
overlapping or continuous 

Bromacil 2.4-4.8 
and 

12-24 

Broad – leaf 
and grasses 
Difficult to 

control broad-
leaf and grasses 

Rights-of-way, industrial 
plants, lumberyards, tank 
farms, storage areas, around 
buried cable closures, 
transformer pads and other 
non-crop areas. 

Apply in spring or summer as a 
broadcast or basal (spot) treatment. 
Length of control depends upon soil 
and rainfall, higher rates are used 
absorptive soils (high in O/M or 
organic carbon) 

2,4 –D amine 0.9-1.8 
and 

3.6-5.4 

General broad-
leaved weed 
and woody 

plants 

Water areas or non-crop areas 
such as power lines, highway 
rights-of-way, vacant lots, 
fence rows, roadsides and 
around buildings. 

Application is done in the spring or 
summer season. Treatment avoided 
during periods of severe drought 

Diuron 80 W 2-4 Broad-leaf 
weeds Grasses 

Utility, highway pipe-line and 
rail road rights-of-way, 
around farm building and 
non-crop areas. 

Used only where bare ground is not 
objectionable. 

Glyphosate 1-2% 
solution 

Grasses and 
broad – leaf 

Railroad, highway, pipeline, 
power line, telephone line, 
petroleum tank, petroleum 
tank farms and pumping 
installation, parking areas, 
industrial plant sites, road 
sides storage areas, fence 
rows, schools, parks, golf 
courses, airports and similar 
industrial or non-crop area 

Provide to kiplus destruction of 
under-ground parts including 
rootstocks, rhizomes, etc. Not 
applied if rainfall is imminent 

Paraquat 0.5-1-0 Broad-leaf 
weeds Grasses 

Public airports, electric 
transformer stations, pipeline, 
pumping station, around 
commercial building, storage 
yards and other non-crop 
situation 

Suitable non-ionic surfactant sis 
added. Adequate coverage and 
complete wetting of foliage is 
important for effective control. If 
regrowth occurs, reapplication is 
required 

Paraquat 0.5-1.0 Broad-leaf 
weeds Grasses 

Public airports, electric 
transformer stations pieline, 
pumping station around 
commercial building, storage 
yards and other non-crop 
situation 

Suitable non-ionic surfactants are 
added. Adequate coverage and 
complete wetting of foliage is 
important for effective control. If 
regrowth occurs, reapplication is 
required. 

Picloram 1 Annual and 
deep-rooted 

perennial weeds 

Fencerows, roadsides and 
other rights of-ways around 
farm buildings 

Label should be followed carefully 

Triclopyt 1-9 Annual and 
perennial 

Industrial manufacturing and 
storage, sites, rights-of-way, 
fence rows, ditch banks, wild 
life opening and around farm 
buildings. 

Application is done when weeds and 
brush are actively growth during 
drought condition. 
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Chapter - 18 

MANAGEMENT OF 
AQUATIC WEED 
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Water is one of our priceless treasures and an important gift of the nature. The presence of weeds in a water 
body poses a serious threat to an efficient and effective use of water. Aquatic weeds reduced the designed 
flow of many canals by 40 – 80 per cent and cause a tremendous water loss through seepage and 
evaporation. Apart from this these weeds also responsible for preventing recreational activities, swimming, 
fishing, water skiing, boating and provide habitat for noxious insects. 

Aquatic weeds cause foul taste, unpleasant odors and discoloration of water available for agricultural, 
domestic and industrial needs. Water infested with certain types of weeds blooms can poison animals that 
drink the water. It also reduces the capacity of storage and irrigation by sedimentation through catching 
debris and adding a lot of organic matter consists of silicious and other insoluble salts after completion of life 
cycle. 

Aquatic weed are major management problems in such diverse sites as lakes, reservoirs, farm retention and 
aquaculture ponds, irrigation and drainage canals, rivers, home aquariums, and swimming pools. Their 
control is essential if the quantity, quality and availability of water for drinking, agriculture, recreation, 
tourisms, wild life and transportation are to be maintained. 

Control of aquatic weeds 
Controlling the aquatic weeds has to be given due attention and importance because of serious impediments 
where there is high risk of flooding, health problems caused by malaria, filariasis, encephalitis and 
interference with navigation. The degree of control depends upon the extent of damage they cause and it is 
generally cumbersome owing to the following reasons. 

1. Lack of absolute ownership of the water body 

2. Approval required from public health departments and wild life agencies. 

3. Multiple interests to be considered before taking up herbicidal treatment. 

4. Herbicides the usage of the downstream water to be known. 

5. Interaction of various agencies to be known prior to the implementation of the aquatic weed control 
programme. 

Mechanical method 
Removal of aquatic weeds are achieved by using physical forces, which comprise of dredging, drying, 
mowing, hand cleaning, chaining, burning etc. 

Dredging 
It is an efficient method for complete removal of weeds along with roots either manually or mechanically. 
This method is slow, untidy, labour consuming and expensive. Bucket dredge performs successfully but 
drags the plant growth, leaving most of the mud behind. 

Drying 
This is a simple inexpensive and very satisfactory for controlling submersed aquatic weeds, but ineffective 
against emersed weeds and some of the floating species. In this method the water is drained off and exposed 
to direct sunlight leading to the destruction of the underwater weed. Plough may be used at times to make 
furrows in order to drain excess water and drying may be repeated to control regrowth from roots and 
propagules. 

Mowing 
It is carried out in ditch banks and canals with scyths or swords. 

Hand cleaning 
Cutting and removing the accumulated weed growth with heavy knives and hooks. This is effective against 
cattail, arrow heads and willows. 

Burning 
It is used to control ditch bank weeds by searing the vegetation following complete burning after 10-12 days. 
Burning can be combined with chemical or other mechanical means. 
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Chaining 
Heavy chain attached between tractors working on both banks of the ditch. As these moves, the chain drags 
over the weeds and breaks them off. This method is effective against submersed and emersed weeds, and a 
consistent programme should be followed for successful control. 

Cutting 
A mechanical weed cutter is used to cut the submersed weeds at 1-1.5 m deep in the water. It consists of a 
sharp cutter bar operated hydraulically from a boat. The harvested weeds float to the water surface and are 
removed manually by sieved buckets. 

Netting 
Small weight floating weeds such as water lettuce, walfia and duck weeds can be skimmed out of water 
manually with a 3 cm mesh coir rope net. 

Mechanical methods are cumbersome and weeds repeated attention. Since the weed fragments and 
propagules may serve as sources of re-infestation. But can be done in situations where chemical control is 
impossible. 

Biological method 
Herbivorous fish Tilapia spp. effectively controls algae (Chara and nitella) and saw weeds. white amur fish 
(Ctenopharyngodon idella) feeds primarily on submerged and small floating plants. 

Common crop Cyprinus carpio a non herbaceous fish are used in Hungary for weed control in rice field. 
Manatees or sea cows Trichechus manato L. are herbivorous marine animals, feeding on floating and rooted 
water plants. They are exclusively found by water hyacinths which consume about 10 kg of vegetation for 
each kg of body weight. 

Marisa cornuarietis a large tropical fresh water snail can survival even at temperature below 9°C and eats 
watercress Nasturtium officinale.  These fresh water snails are ravenous feeders on common coon tail 
Ceratophyllum demersum, Illinois pond weed Potamogeton illinoensis and southern naiad Najas 
guadalupensis and floating weed Salvinia rottendifolia. 

A thread blight caused by Marasmiellus inoderma and disease caused by Alternasria eichhorniae are the 
potential bio control agents for controlling water hyacinth. 

Integrated control of E. crassipes has been achieved by integrating biocontrol agents (insects)  Neochetina 
eichhorniae and N. bruchi with other biocontrol agents and plant pathogens. The integrated approach 
comprising the release of insect agents on the weed first followed by foliar spray of 25 per cent plant product 
(Coleus amboinicus/ C. aromaticus) was exhibiting a higher degree of inhibition with cent per cent reduction 
in fresh weight and chlorophyll content on 25 days after releasing the insects. 

Chemical method 
Aquatic weed killers are now available in the markets which are efficient, easier, faster and even less 
expensive than mechanical control. To mitigate the problem of residual hazards a good and safe herbicide 
should be used. Herbicide application on the whole weed growth may result in decaying of the whole 
vegetation. Most aquatic herbicides are less toxic to human beings and other warm blooded animals. 

Aquatic chemical weed control offer following advantages; 

1. When several repetitions of mechanical method is warranted one or two chemical usage is necessary. 

2. The herbicide can reach the weeds that are far access to mechanical methods 

3. The final result of chemical usage result the killed plants to sink to the bottom thus devoid of nutrients 
loss. 

4. To sum up it is time saving and economical. 
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Table-18.1: Herbicides usage against aquatic weeds 
 Herbicides Target aquatics 

1 Sodium arsenite Ditch bank weeds 
2. Sodium chlorate Perennial aquatics weeds 
3. Trichloro acetic acid Grasses 
4. 2, 4-D Water hyacinth, Sagittaria, milk weeds 
5. Solvent Naphtha Submersed aquatics 
6. Aqualin Potomogeton, Elodea 
7. Endothall Algae, Emersed and submersed weeds 
8. Dalapon Grasses, Cattails 
9. Amitrole Cattails, alligator , weed water hyacinth. 

10. Dichlobenil Elodea, Chara, Potomogeton sp. 
11. Diquat and Paraquat Water hyacinth, Water lettuce 
12. Fenac Root rhizomes regeneration prevented 
13. Monuron, diuron and simazine Algicides in drainage channel and ditch banks 
14. Silvex Alligator weed, water lily, Arrow head 
15. Copper sulphate Algae, Chara 

Herbicide application varies with the properties of the herbicides that are applied in high volume sprays. 
Herbicides that diffuse rapidly are applied in concentrated forms and those that lack diffusion property are 
diluted in water and sprayed for uniform distribution. 
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MANAGEMENT OF 
PARASITIC WEEDS 
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Plant is dependent for survival its entire growing period or a part of it on other plants is termed as parasitism. 
The plant which depends is called parasite and on which it survives is host plant. Haustoria are the organ 
through which parasite plants have connection with host plants conducting tissues and extract nutrient and 
water.  A plant survives solely by associating with the living host is called as obligate parasite, if it survives 
by living on a living plant or a dead plant material is termed as non obligate parasite. 

Types of parasite 
1. Root parasite 
Plants which parasites the root portion is called root parasite. 

a) Total root parasite eg.  Orabanche cernua 

b) Partial root parasite eg. Striga lutea 

2. Stem parasite 
Plants which parasites on the aerial portion is called stem parasite 

a) Total stem parasite eg. Cuscuta chinensis 

b) Partial stem parasite eg. Loranthus longiflorus 

a) Broom rape (Orabanche cernua,  F – Orabanchiaceae) 
Annual propagates through seeds.  Host root exudates induce germination, infest the host root by forming 
haustoria’s and then emerges through soil as pale shoot, produces half a million seeds in 8 weeks and remain 
dormant for 2-12 years.  Infest only fibrous root of tobacco and so no problem in nursery.  Orabanche 1st 
seen 40 DAT of tobacco and flower 4-5 days later and it ripens in another 20-25 days. 

Control 
Hand removal as soon the shoots appear is the. Most effective method is growing trap crops in rotation like 
sunflower, sesame, cotton, soybean, finger millet etc.  The trap crops stimulate germination but the parasites 
die due to non-availability of host. Apply fluchloralin 2 lit or oxyfluorfen 2 lit / ha one week prior to 
planting. 

a. Witch weed  (Striga spp., F – Scruphulariaceae) 
Annual parasite propagates through seeds. Root exudates trigger germination and attach haustoria’s through 
which it extracts nutrients and water. For 20 days it remains underground and emerges as green plant become 
partial parasite.  Each plant produces 1 million seeds 30 DAE.  It attacks sugarcane and sorghum, pear millet 
and maize. The crop yield loss due to this parasite was estimated to be 15 – 75 per cent. The different species 
found in crops are Striga densiflorus  in sorghum, striga lutea in sugarcane, Striga hirsute in pearl millet 
and Striga hemonthica in maize 

Control 
Hand removal before flowering and seed set. Where ever possible flooding the field after the emergence of 
Striga. Crop rotation with trap crops such as soybean, cotton, cowpea, ground nut chickpea, and pigeon pea 
which produce chemical stimulant. 

Post emergence application of 2,4-D, paraquat kills the existing weeds.  As germination is continuous over a 
long period, directed spray of 10 per cent ammonium sulphate or 10 per cent urea can be practiced.  Pre 
emergence application of atrazine or simazine @ 1 kg / ha will also have a good control over them. 

b. Dodder (Cascuta chinensis, F – Convolvulaceae) 
Plants are golden yellow wiry stem, rudimentary scaly leaves with minute bell shaped flowers.  Seeds 
germinate in soil and if host plant (legumes, clover, niger, onion, forest trees) are not available seedlings will 
not survive.  It propagates through both seeds as well as its fragment.  One plant can grow as long as 2 km or 
more in length. 

Control 
Hand removal and burning. Crop rotation with gramineae family crops. For Lucerne paraquat 1.0 kg ai/ha 
will kill the dodder, however the Lucerne will regenerate. In case if it is infested on trees, paraquat can be 
sprayed at 1% rate. In case of crops like onion pendimethalin can be used as pre-emergence. 
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d. Loranthus longiflorus  (Dentrophthoe F- Loranthacease) 
Plantation crops like mango, sapota, cashewnut, pomegranate, gooseberry, rubber, etc., are affected severely. 
It also parasatise tropical and subtropical trees.  It propagates through seeds.  As seeds are without testa and 
covered by a mucilaginous substance, easily stick on to bird’s beaks and spreads. 

Control 
During lopping operation, it can be removed and it is to be done during flowering season before seed set.  
Metribuzin is found to have control but results are to be further confirmed. 
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MANAGEMENT OF 
PROBLEMATIC WEEDS 
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Problematic weeds are causes enormous losses and suffering to human being by way of reduction of crop 
yield and quality, wastage of human energy and resources as well as increase expenditure to alleviate the 
problems caused by them. They are being especially undesirable, troublesome, persistence, perennial, 
pernicious, obnoxious and difficult to manage 
n. Bermuda/ Hariyali grass (Cynodon dactylon, F - Gramineae) 
It occurs throughout the tropical, sub-tropical, and semi-arid regions of the world.  It is a hardy perennial 
grass with long runners, which strikes roots at the nodes, and has extensive underground rhizomes. It is 
susceptible to competition and shading. The wide ecological amplitude of this species is due to the efficient 
vegetative propagation, although a large number of seeds are also produced. 
Control 
i) Mechanical 
Digging the soil to a depth of 45 cm by crowbars during summer or fallow periods and collecting stolon is an 
effective practice. Flooding can be used. 
ii) Biological 
In Australia a mite Aceria neocynoctonis has been found to inhibit growth. 
iii) Chemical 
Post emergence application of glyphosate @ 10 ml / litre with 2% Ammonium sulphate when the leaves 2-3 
leaf stage will give effective control. 
n. Nutgrass/Purple nutsedge (Cyperus rotundus, F - Cyperaceae) 
World’s worst persistent perennial sedge weed as it occurs in 52 crops about 92 countries.  Native of India 
distributed throughout the tropics and sub tropics. It grows to a height of 15 to 60 cm.  It has triangular 
smooth shoot arising from centre of a basal cluster of narrow grass like leaves of 30 to 50 cm long and 8 mm 
wide 
The roots are fibrous and extensively branched and spread by extensive, horizontal, slender rhizomes which 
are white and flesh and are covered with scale leaves when young but which turn brown and fibrous when 
old.  The rhizomes give rise to underground tubers, which proliferate intensively.  Most of these tubers grow 
in the top 10 cm of the soil with none below 30 cm.  Rhizomes store food for other parts of the plants and 
they form very effective means of propagation.  New rhizomes tubers are produced within 3 weeks after 
sprouting of an individual tuber. It takes about 3 to 8 weeks for flowering. 
Control 
i) Mechanical 
Exposing the tubers in hot summer weather will kill most of them.  Working the soil 40 to 50 cm deep with 
crow bar or repeated ploughing during summer can be done to control this weed. Polythene mulch and 
flooding up to 15 cm also found to be effective. 
ii) Cultural 
Lab-lab is reported be highly competitive and dense sowing of lima beans have been found to virtually 
prevent the emergence. 
iii) Biological 
Bulb borer Bactura truncatula has given some control in Hawaii. Rhizoctonia bataticola also found to 
parasitise on Cyperus. 
iii) Chemical 
Glyphosate 10 ml / lit + 2% Amm. So4, when the weeds are in 3-4 leaf stage.  This kills mother nut and the 
young ones can be controlled after 20-25 days when it emerges. 
n. Jhonson grass (Sorghum halepense,  F - Gramineae) 
Erect perennial grass, which reproduces by large rhizomes and seeds.  The root system is freely branching, 
fibrous, with stout rhizomes. In India it is troublesome weed in sugarcane, maize and sorghum. 
Control 
i) Cultural  and Mechanical 
Regular grazing or mowing before the plants are about 40 cm tall will reduce rhizome production.  Frequent 
disking in a bare fallow is much better and will kill the weed under dry conditions.  Summer ploughing is 
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better as it results in rapid rotting of rhizomes.  Flaming will control young plants in cotton and sorghum.  
Cutting easily kills very young plants, but if the plants are about 3 weeks old even repeated weekly clippings 
may not kill them. 

ii) Chemical 
In sugarcane repeated application of dalapon at 3 kg / ha 3 times at 30 days interval reduces the infestation  
and increases the yield. Seedlings can be controlled by contact herbicides, while established Johnson grass 
can be controlled by directed application of 1% dalapon up to 9-10 times depending upon ecotypes. 
Glyphosate can also be used at 10 ml per litre with 2 per cent Ammonium sulphate. 

n. Field bind weed (Convolvulus arvensis,  F - Convolvulaceae) 
It is a prostrate or climbing perennial herb.  Its stem is twine, is slender and smooth.  It covers up the host 
plant due to its gregarious growth. It possess a root system which may penetrate up to a depth of 6 to 7 m. 
Propagates by seeds and root bits.  Seeds play a major role in spreading and produces 200-400 seeds / plant 
and are viable for 22 years and more. 

Control 
Post emergence application of 2,4-D @1 to 2 kg / ha coupled with cultivation reduces the incidence of 
weeds.  Post emergence application of glyphosate @ 10 / lit with 2% Ammonium sulphate will also be 
effective. 

n. Rag weed /Congress weed( Parthenium hysterophorus, F - Asteraceeae ) 
It is a noxious exotic weed causing skin allergy, asthmatic problems because of parthenin present in pollen. 
Produces about 10,000 seeds / plant and flowers throughout season. Plants have remarkable adaptability to 
environmental extremes.  The seeds are extremely lightweight and they are disseminated by wind, water, 
birds and animals and have 100 per ilu germination. 

Control 
 Removal of weeds manually or mechanically before it flowers will give best control 

 Use of leguminous plant Cassia sercea will prevent the germination wherever they are grown (Seed 
germination problem) 

 Zygogramma bicolorata, beetle can be used (Sunflower – alternate host problem) 

 Post emergence spray of 20% common salt with 0.1% soap solution as sticker in a good sunshine day 
using hand operated sprayers has good control. 

 Post emergence paraquat 16 ml / lit or 2,4-D Na salt 5 g /lit or 8 ml of paraquat + 2,4-D Na salt 2.5 g / lit 
using hand operated sprayers for this purpose. 

 Pre emergence application 2.5 kg / ha Atrazine mixed with sand and applied or sprayed uniformly on the 
soil during rainy season. 

n. While horse nettle/silver night shade(Solanum elaeagnifolium , F - Solanaceae) 
It is a prickly perennial and noxious weed having a very deep root system distributed to a depth of 3 m both 
vertically and horizontally.  It is propagated through seeds and root bits.  Each plant produces about 4200 
viable seeds with longevity of about 10 years.  Even 1 cm fragment of root bits is able to germinate and 
establish. 

Control 
Hand weed when it occurs in a new place. Flooding will control this weed effectively; however, the weeds 
reemerge after 3-4 years. In places where this weed menace cannot be controlled, planting coconut, tamarind 
Eucalyptus, Casuraina is advisable. 

The nematode Nothanguina phyllobia causing galls reduced growth considerably. Repeated application of 
2,4-D @ 2kg/ha once in a month will control effectively. Dicamba (0.9 kg/ha) will control up to 90 days. 
Glyphosate can also be used. 
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ECONOMIC 
IMPORTANCE OF WEEDS 
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Weeds are not a pain, but a blessing, which accomplishes number of roles in the agroecosystems, including 
enhancing soil organic matter, increasing moisture holding capacity, acting as shelter or living mulch, 
repelling pests, attracting beneficial insects, or serving as food or other resources for human beings. It 
promotes the consumption of a variety of herbaceous weeds for their therapeutic values. 

Weeds also help to provide a more balanced environment by providing food and habitats for insects and 
other creatures. This can have a very important knock-on effect for the farmer by encouraging beneficial 
insects and birds and thus reducing insect predation on cultivated plants. In addition, weeds help to protect 
and feed the soil by providing good compost material as well as by covering it and preventing erosion. 

The following list includes some of the weeds that can be particularly useful, though not all plants listed 
should be tolerated due to their aggressive tendencies. 

Categories of beneficial weeds 
a. Fertilization 
Weeds provide the soil with nutrients, either directly or indirectly. Legumes, Senna auriculata, 
add nitrogen to the soil through the process of nitrogen fixation, where bacteria symbiotically living in their 
roots extract nitrogen from the atmosphere. Weeds with strong, widespread roots also introduce organic 
matter to the earth in the form of those roots, turning hard, dense clay dirt into richer, more fertile soil. 

Certain weeds possess a deep, strong tap root that breaks up hard soil, benefiting weaker-rooted plants 
nearby, and draw up nutrients from deeper than shallower-rooted nearby plants can access. They will also 
excrete minerals and nitrogen through their roots. 

b. Repellents 
Many weeds protect nearby plants from insect pests. One way they can do this is to repel insects and other 
pests through their smell. Another is to entirely mask a companion’s scent, or the pheromones of pest insects. 
Some also are unpleasant to animals, because of their spines or other features, keeping them away from an 
area to be protected. Allium vineale the wild chives have all of the companion plant benefits of other alliums, 
including repelling japanese beetles, aphids, and rodents, 

c. Trap crops 
Weeds act as trap crops, distracting pests away from valued plants. Insects seeking a food plant search by 
odor, and then land at random on anything green in the area of the aroma. If they land on an edible “weed”, 
they will stay there instead of going on to the intended victim. Sometimes, they actively prefer the trap crop. 

d. Green mulch 
Conversely, some intercropped provide a living mulch effect, used by inhibiting the growth of any weeds 
that are actually harmful, and creating a humid, cooler microclimate around nearby plants, stabilizing soil 
moisture more than they consume it for themselves. Plants such as ryegrass, red clover, and white clover are 
examples of “weeds” that are living mulches, often welcomed in agriculture. 

e. Herbicide 
Specific other plants can be bothered by a chemical emission (Allelopathy) through their roots or air, slowing 
their growth, preventing seed germination, or even killing them. 

f. Beneficial insects 
Wild umbellifer weed attract predatory wasps and flies that eat nectar, but reproduce by feeding common 
garden pests to their offspring. Likewise, some weeds attract ladybugs or the “good” types of nematode, or 
provide ground cover for predatory beetles. Daucus carota (wild carrot) attracts predatory 
wasps and flies that eat vegetable pests. 

g. Edible weeds 
Some beneficial weeds are edible. The list of edible plants that are considered as weeds are as follows 
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Table-21.1:  Common weeds considered as edible 
Species Edible parts 

Amaranthus spinosus Whole young plants as green leafy vegetable, seeds as flour 
Amaranthus viridis Green leafy vegetable 

Alternanthera sessilis Green leafy vegetable 
Centella asiatica Green leafy vegetable 
Coccinea indica Vegetable 

Cynodon dactylon Juice 
Cyperus rotundus Tubers are eatern 

Digitaria ischaemum Seeds cooked or used as flour 
Digitaria sanguinalis Seeds are used for toasted and ground for flour. 

Echinochloa crus-galli Seed eaten green or ground into flour 
Hemidesmus indicus Root Syrup iluents  agent 

Marsilea quadrifoliata Green leafy vegetable 
Portulaca oleracea Green leafy vegetable, Popular salad ingredient throughout the world 

Solanum nigrum Green leafy vegetable 
Solanum trilobatum Green leafy vegetable 
Sonchus oleraceus Leaves used in salads or cooked 

h. Medicine 
The weeds grow along with the crop plants are the raw materials to the pharmaceutical industries as they 
yield chemicals used in formulation of various drugs, Vaidyas for preparing herbal formulations and an 
important source of medicines for indigenous peoples are given in Table. 

Table-21.2: Common weeds used as medicine 
Species Therapeutics 

Abrus precatorius Cough, headache, urinary complaints, snake bite, wounds 
Acalypha indica Asthma, bronchitis, bed sores, earache, headache, pneumonia, rheumatism, 

scabies, ulcers, wounds, tape worm, ringworm 
Achyranthes aspera Bleeding piles, bronchitis, cough, dropsy, diuretic, dysentery, dyspepsia, skin 

diseases, toothache, urinary concretions, vomiting. 
Aerva lanata Gonorrhea, headache, kidney disorders, sugar in urine, dissolves the stone and 

to clear the urinary path. 
Alternanthera sessilis Body pain, eye disorders, nutritional disorders, piles, stomachache 

Aristolochia bracteolata Colic, boils, leucorrhoea, snake bites, ulcers, worms, wounds. 
Calotropis gigantea Antiseptic, cholera, iluents , haemorrhoids, snake bite 
Cleome gynandra Earache, inflammation, rheumatic, stomachache. 
Clitoria ternetea Eye diseases, headache, indigestion, itching, pox, snake bite, warts, worm 

control. 
Commelina benghalensis Burns, boils, laxative, leprosy, nervous disorders, swellings. 

Cynodon dactylon Dysentery, insanity, leucorrhoea, piles, urinary troubles. 
Eclipta alba Antiseptic for ulcers, emetic, jaundice, nerves problems, purgative, tonic, 

snakebite. 
Hemidesmus indicus Alterative, blood purifier, chronic rheumatism, demulcent, diaphoretic, 

diuretic, nutritional disorders, syphilis, tonic, urinary diseases skin affections 
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Leucas aspera Digestion, fever, head ache, jaundice, snakebite, stomach disease. 
Oxalis corniculata Cooling effect, dysentery, diarrhea, stomach troubles 
Phylanthus niruri Jaundice, diabetes, urinary infections, intermittent fever 

Portulaca oleracea Burns, cardio vascular diseases, cholesterol reducer, fever, diarrhoea, 
diabetes, headache, ulcers, urinary disorders, wounds. 

Solanum xanthocarpum Anti inflammatory, asthma, constipation, cough, diuretic, fever, laxative, sore 
throat, stimulant, stomachache 

Tridax procumbens Boils, cuts, eye diseases, dysentery, diarrhea, wounds. 

i. Natural dyes 
Oldenlandia umbelata , Theparosia purpurea have been used for natural dyes. 

j. Insulator material 
Studies have shown that Asclepias syriaca, Calotropis iluents   are effectively used for making insulator 
material. 

k. Fibre 
Abutilon indicum stem yields fibre. 

l. Mat 
Cyperus pangorei stalks are extensively used for making mats. 

m. Taching and screens 
Typha angustata are chiefly used as a taching material for the construction of huts as well as screens. 

n. Uses of aquatic weeds 
Aquatic weeds in general are rich source of energy and efficient converter of solar energy. Nevertheless to 
say about the uses, water hyacinth occupies the pivotal position in its utility aspect; 

1. Rich source of protein for ruminants and non ruminants 

2. Used as a water purifier and also filter the trace elements 

3. Used in the manufacture of paper pulp and board since  its fibre is similar to sugarcane bagasse. 

4. A good source of biogas, where 1kg of dried water  hyacinth can produce 374 litres of biogas providing 
70- 80% methane. 

5. Used as a mulching materials for weed control and  conserving soil moisture for crop utilization. 

6. Used for making valuable compost. 
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Weed album 
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 Absolute weed: One without any use to farmers under any circumstances. 

 Absorption: Entry of herbicide from the surface into the plant system. 

 Acceptable daily intake: The daily intake of a pesticide quantity considered safe for human beings. It is 
calculated by dividing the threshold daily dose (mg/kg/day), for an appropriate species, with a safety 
factor. The safety factor is often 100 but may vary from l0 to 1000 or more. 

 Acedophile weeds: Weed species that are characteristically acid loving plants, eg. Cynodon dactylon, 
Digitaria sanguinalis. 

 Achene: A dry single seeded indehiscent fruit whose pericarp and seed coat are not fused. 

 Acid equivalent (a.e.): The amount of active ingredient expressed in terms of parent acid. It is used 
instead of or in addition to the active ingredient for certain herbicide. 

 Active ingredient (a.i): The active toxic material present in the formulation (or) is that part of the 
formulation principally responsible for the herbicidal effect. 

 Adjuvant: An ingredient which when added to a formulation, aids the action of the toxicant. It includes 
wetting agents, spreaders, adhesives, emulsifiers, dispersing agents and correctives. 

 Adsorption: Gathering of herbicide molecules on the surface of soil colloidal particles (clay). 

 Adsorption coefficient: (Equilibrium coefficient) – Relative adsorption capacity of a soil for a given 
herbicide. 

 Aerial spraying: Application of pesticide or fertilizer in the form of spray by using an aero plane or a 
helicopter, with the objective of covering vast area in a short time. 

 Agitate: To keep pesticides mixed up; to keep it from settling or separating in the tank. 

 Agitator: A device which keeps the tank mix from settling by means of water flow under pressure. 

 Agricultural Ecotype: An ecotype adapted to certain agricultural practice(s). 

 Algaecide: Chemical used to destroy algal growth. 

 Alien weeds: Are weeds introduced from some other parts of theworld. They are highly troublesome, e.g., 
water hyacinth,. Such weeds are also called anthrophytes. 

 Allelochemicals: Secretion of chemicals from a plant or chemicals identified in allelopathic research. 

 Allelopathy: Any direct or indirect harmful effects of one plant on another from the production of 
chemicals compounds that escape into environment. 

 Annuals: The weeds that live less than one year. 

 Annidation: The complimentary use of resources by two or more plant species occupying a given area. 

 Antidote: A substance intended to counteract the effect of a poison. 

 Antagonism: Opposing action of different chemicals such that the action of one is impaired or the total 
effect is less than that of one component used separately. 

 Apoplast: Non living cells (xylem) forming a continuous system for movement of water in the plant body. 

 Arboricide: Chemical used to kill trees also Silvicide. 

 Asexual reproduction: Growth of detached reproductive cells into new individuals by fission or spore 
formation. 

 Band treatment: Herbicide applied to a continuous restricted area such as on or along a crop row rather 
than over the entire field area. 
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 Basal treatment: Herbicide applied to encircle the stem of a woody plant above and at the ground such 
that foliage contact is minimal. 

 Basophile weeds: Weed species that are characteristically alkali plants, e.g. alkali grass, quack grass. 

 Beta oxidation: Metabolic process in which organic acids are shortened by 2 carbon increments. 
Conversion of 2,4-DB to 2, 4-D in some plants is by beta-oxidation. The enzyme (beta-oxidase) 
responsible for 2,4-DB conversion is absent in pulse crops enabling the herbicide to be used in them 
without the problem of toxicity. Fatty acids are also metabolized in plants by beta-oxidation. 

 Bidirectional translocation: Simultaneous two way mobility of a herbicide (or other solvent) in opposite 
directions in the phloem tissues of plants. 

 Bioagent: A living organism employed to control a pest. 

 Bioassay: Quantitative or qualitative determination of herbicide residues by use of sensitive indicator 
plants or other organisms. 

 Bioherbicide: A biological agent effective in controlling weed at an applied concentration. 

 Biological weeds control: Control or suppression of weeds by the action of one or more organisms, 
through natural means, or by manipulation of weed, organism or environment. 

 Biostatic effect: Reduced microbial decomposition of a pesticide in the presence of some chemical, called 
extender. 

 Biennials: The weeds that live longer than one year but less than two full years. 

 Blind cultivation: Cultivation after planting and before crop emergence with a harrow weeder, rotary 
weeder or other implements to kill weeds before a seeded or planted crops have come up. 

 Boom (spray): Several nozzles joined together by sections of pipe or tubing to apply pesticides over a 
wider area at one time. It usually attached to a tractor-drawn sprayer. 

 Botanical pesticide: A pesticide obtained from plants. Also called plant derived pesticides. 

 Break crop: A crop grown in rotation to break continuity of some crop-bound or crop associated weed. 

 Broadcast treatment: An application of herbicide over an entire area of field. 

 Broad spectrum herbicide: An herbicide effective against a wide range of weeds. 

 Broadleaf weeds: These are in a large collection of diverse plant families and have wide leaves. 

 Brush weeds: Refers to woody plants, underwood thickets and small trees and shrubs. 

 C3 plant: A plant in which the first product of CO2 fixation is the 3-carbon compound; phosphoglyceric 
acid and is photo synthetically comparatively less efficient, than C4 plants, e.g. wheat, rice, barley etc. 

 C4 plant: A plant in which the first product of CO2 fixation is the 4-carbon compound, oxaloacetic acid 
and photo synthetically more efficient than C3 plants. E.g., maize, sugarcane etc. 

 Carcinogen: A substance or agent which produces or incites cancerous growth. 

 Carrier: The liquid or solid material added to a chemical or formulation to facilitate its preparation, 
storage, shipment or use in the field. 

 Catch crop: A crop employed to stimulate germination and growth of some specific, parasitic weed 
which is then destroyed before planting the main crop. 

 Chaining: Bruising of rooted aquatic weeds with a heavy chain in ditches filled with water. 

 Chlorosis: Loss of green colour in foliage followed by yellowing of the tissue. 

 Common Name of herbicide: Technically accepted abbreviation of a chemical name (of any pesticide). 
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 Compatibility agent: Chemical used as aid to keep two or more kinds of toxicant molecules together. 

 Compatible: Mixable in the formulation or in the spray tank for application together in the same carrier 
without undesirably altering the separate effects of components. 

 Competition: Relationship between two or more plants in which the supply of growth factor falls below 
their combined demand. 

 Competitive crop: Crop plants with early vigour and capable of smothering weed seedlings. 

 Concentration: The amount of active ingredient or herbicide equivalent in a quantity of diluents 
expressed as per cent, lb/gal, g/l, mI/l, etc. 

 Conjugation: Coupling of herbicide molecules to some plant constituent, with consequent herbicide 
deactivation. 

 Contact herbicide: A herbicide that kills primarily by contact with plant rather than as employed to 
control established weeds before emergence of the crop. 

 Control plots: A standard check plot used for comparing the relative performance of the treatments under 
study. In weed control experiments, control is often referred to as unweeded control or weedy check. 

 Controlled droplet application (CDA): A spray technique with a narrow range of droplet sizes than 
conventional hydraulic nozzles. This technique is employed to reduce spray drift and it requires special 
applicators. 

 Co-solvent: Secondary substance aiding a solvent. 

 Coupling agent: Solvent used to solublise parent herbicide compound to form either its soluble 
concentrate (SC) or emulsifiable concentrate (EC). 

 Cover crops: Crops, which are grown primarily to cover the soil and to reduce the loss of moisture due to 
leaching and erosion by wind and water. They also often reduce the weed growth. 

 Critical period: The shortest time span in the ontogeny of plant growth when a treatment will result in 
maximum crop yield. 

 Critical period: The span of time between that period after seeding or emergence when weed competition 
does not reduce crop yield and the time after which weed competition will no longer reduce crop yield. 

 Crop associated weed: Non-parasitic weed associated with specific crop for need of specific micro-
climate, mimicry because of their similarity in morphology with host crops and ready contamination of 
crop seeds with weed seeds as their seeds mature at the same height and time. Eg. Echinochloa sp. In rice; 
wild oat and Phalaris minor in wheat. 

 Cuticle: An uneven, lipoid covering on plant shoot, comprising chiefly cutin lamella impregnated with 
waxes. Cutin is both lipophilic and hydrophilic. 

 Cut-Stump treatment: Application of a brush-killing chemical to freshly cut stump of unwanted tree. 

 Decarboxylation: A pathway of herbicide degradation in plants in which CO2 is removed from the 
herbicide molecule in presence of water. Benzoic-phenoxy acids and ureas undergo decarboxylation. 

 Decomposition: Alteration of the toxicant molecular structure in soil. 

 Defoliant: A chemical which causes the leaves of a plant to drop off e.g. paraquat. 

 Degradation: Alteration of herbicide molecule structure in plant or soil, leading to its inactivation. 

 Deposit Builder: Chemical that aids the toxicant to stick to the target surface. (same as sticker and filming 
Agent). 

 Desiccant: Any substance or mixture of substances used to accelerate the drying of plant tissue. 
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 Designated weeds: Refers to weed species specified for certification of seeds of a given kind and in 
whose regard certification standards must be met. 

 Diffusion: Net movement of a substance due to random, kinetic motion of its molecules, atoms or ions. 

 Diluent: Any gas, liquid, or solid material used to reduce the concentration of an active ingredient in a 
formulation. 

 Dioecious: Plants bearing male and female flowers on separate individuals. 

 Directed application: An application to restricted area or plant parts commonly the base of the plants. 
This is usually accomplished by setting nozzles low with spray patterns intersecting at the base of the 
plants just above the soil surface or by employing the spray hood. Herbicides, which are non-selective or 
with low level of selectivity are normally applied this way e.g. use of paraquat or glyphosate in field 
crops. 

 Dispersal (Dissemination): The movement of reproductive unit (seed or vegetative plant parts) from its 
place of origin. 

 Dispersal agent: Physical source that provides energy for dispersal (of plants). 

 Dispersible Granules (DG) or Water-Dispersible Granules (WDG): It is dry formulation and the 
ingredients are in granules that easily disperse in water. Spray tank agitation is necessary to avoid settling. 

 Ditch weeds (ditch bank weeds): They are aquatic weeds that invade drainage and irrigation ditches. They 
are adapted to grow in moving waters where they interfere the flow of water causing seepage and floods. 

 Dormancy: State of inhibited germination of seeds or growth of plant organs. 

 Dredging: Mechanical pulling of rooted aquatic weeds along with their shallow roots and rhizomes, 
covered in mud. 

 Drift: The movement by wind or air currents of droplets or particles of a pesticide from the target area to 
an area not intended to be treated. It is essential to reduce drift in order to avoid wastage and to prevent 
damage to susceptible crops growing nearby. 

 Dust mulch: A layer of fine, de-flocculating soil material at the surface formed by excessive tillage; 
believed to be effective in reducing evaporation losses of water from soil and weed emergence. 

 Early Preplant (EPP): The herbicide is applied to the soil before planting. Generally used in no-till to 
control existing vegetation and provide early residual control. 

 Ecophene: Non-hereditable, morphological adaptation to prevalent environmental stresses. 

 Ecosystem: An ecological entity consisting of the biological community and the non-living environment 
functioning together in an interacting system. 

 Ecotype: A population within a species that has developed a distinct morphological or physiological 
characteristic (e.g. herbicide resistance) in response to a specific environment and which persists when 
individuals are moved to a different environment. 

 ED50: (Effective dose 50). Dose of a pesticide that would prove lethal to 50 percent of the population of a 
test, pest species. (cf. LD50). 

 Emulsifier: A surface active substance which promotes the suspension of one liquid to another. 

 Emulsifying agent: A substance which stabilizes (reduces the tendency to separate) a suspension of 
droplets of one liquid in another liquid which otherwise would not mix with the first one. It also referred 
to as an emulsion stabilizer or emulsifier. 
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 Emulsion: The suspension of one liquid as minute globules in another liquid. E.g. oil dispersed in water 
when the emulsion consists of droplets of water in oil it is known as an “invert” or “mayonnaise” 
emulsion. 

 Encapsulated formulation: Herbicide enclosed in capsules or beads of thin polymer or other ingredient 
and thereby extend the period of activity. 

 Endogenous: Originating within an organism. 

 Energy budget: A quantitative account sheet of inputs, transformations, and output of energy in an 
ecosystem. 

 Enforced dormancy: Failure of weed seed to germinate by to lack of oxygen and sun light due to deeply 
buried. Cultivation counters enforced dormancy by bringing seeds to surface where they are exposed to 
light and oxygen. 

 Epinasty: The twisting or curling of leaves and stems caused by uneven growth or cells. A typical 
symptom in broad leaf plants following application of phenoxy herbicides. 

 Ester: A liquid concentrate or granular form of 2, 4-D or 2,4, 5- T acid. The liquid forms are miscible in 
oil and form emulsions when diluted with water. They may be either regular or of low volatility and 
usually give faster kill of susceptible plants. 

 Etiolation: The condition, seen when plants are growing with an inadequate light supply, in which there is 
abnormal chlorophyll development. 

 Filler: Inert material used to dilute the chemical or herbicide. 

 First order reaction: A reaction in which the loss rate of chemical is proportional to its concentration in 
the medium. 

 Flaming: Killing green plants by momentary exposure to very high temperature from a flame thrower (cf. 
burning, which is setting dry vegetation to fire). 

 Flowable (Formulation): A two phase formulation containing solid herbicide suspended in liquid and 
which forms a suspension. 

 Foliage contact herbicide: A herbicide acting exclusive by contact with the plant foliage e.g., paraquat. 

 Foliage translocative herbicide: A herbicide exerting its effect by systemic action upon application to 
foliage e.g, Glyphosate. 

 Free radical: High reactive molecule containing an unpaired electron, which would damage any 
biological system it contacts. (These are odd-electro molecules). 

 Frill girdle: A series of overlapping cuts made downward into the bark of a tree trunk to form a girdle to 
which a herbicide is applied. 

 Functional allelopathy: The substance may be released as a precursor and may be changed into an active 
substance to inhibit growth. 

 Graminicide: A herbicide which kills grasses. 

 Granules (G): a dry formulation consisting of the active ingredient coating or adhered to some type of 
inert granule such as clay, vermiculite, or sand. These formulations are applied as a ready-to-use product. 

 Grasses: These are in a single botanical plant family (Poaceae) and have jointed stems and leaves with 
parallel veins that are divided into a blade and a sheath that wraps around the stem. 

 Green house effect: Warming of the earth’s surface resulting from the capacity of the atmosphere to 
transmit short wave energy (visible and ultra violet light) to the earth’s surface, and to absorb and retain 
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heat radiating from the surface; carbon dioxide and water vapour in the atmosphere both contribute to this 
effect. 

 Growth regulator: A substance used for controlling or modifying plant growth processes without 
appreciable phytotoxic effect at the dosage applied. 

 Half life: Time needed for half the herbicide to disappear from the scene; usually soil. 

 Half reaction: Reaction involving a cation accepting electron to form an atomic species (e.g. Cu2+ + 2e – 
Cu). 

 Hemi-parasite: Parasitic flowering plants, which have chlorophyll but depend on the host plant for water 
and mineral nutrition e.g., Striga. 

 Herbaceous plant: A vascular plant that does not develop persistent woody tissue above ground. 

 Herbicidal antidotes: Substances used for protecting crop plants which are otherwise susceptible or less 
tolerant to some herbicides at doses required for good weed control applied either as seed dressing or 
tank-mix with herbicides. E.g. Naphthatic anhydride (NA), R 35788. Also referred to as herbicide 
safeners or herbicide protectants. 

 Herbicide carryover: It occurs when a herbicide does not break down during the season of application 
and persists in sufficient quantities to injure succeeding crops. 

 Herbicide equivalent: The possible or theoretical yield of herbicidal compound from the active ingredient 
in a formulation (applied especially to compounds not derived from acids). 

 Herbicide mixtures: Involves mixing of two or more herbicides to broaden the spectrum of weed control 

 Herbicide mulch: Loosely woven cloth or like materials, impregnated with herbicide to fit the crop inter-
rows for controlling young, germinating weeds there. 

 Herbicide resistance: Altered response to a herbicide by a formally susceptible weed species to the extent 
that the species is no longer susceptible. Herbicide resistance may be viewed as the extreme level of 
herbicide tolerance. 

 Herbicide rotation: The practice of following a systematic, rotational sequence of herbicide use in the 
same field to prevent or control herbicide resistant weeds. 

 Herbicide selectivity: The phenomenon wherein a chemical kills the target plant species in a mixed plant 
population without harming or only slightly affecting the other plants. 

 Herbicide therapeutics: Herbicide molecules possessing certain plant disease suppression effects. 

 Herbigation: Application of herbicides along with irrigation. 

 Humicant (Hygroscopic Agent) : Chemical employed to keep a herbicide moist longer on the leaf surface. 

 Induced dormancy: Creation of the dormant state as a result of conditions to which the reproductive part 
is exposed after separation from the parent. 

 Innate dormancy: Presence of dormant state in the reproductive part when released from the parent. 

 Integrated control: A system in which two or more methods are used to control a pest. These methods 
may include cultural practices, natural enemies and selective pesticides. 

 Interference (within plants): Combined effect of competition and allelopathy among plants. 

 Invert emulsion: The suspension of minute water droplets in a continuous oil phase. 

 Laser herbicide: A herbicide that kills the target plant by way of inducing excessive production of singlet 
oxygen in its green tissue cells. 

 Late Post-emergence : Applied after the specified crop or weeds are well established. 
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 Layby application : Applied with or after the last cultivation of a crop 

 LD50: The dose or amount of pesticide, which would kill half, or a large number of test animals if eaten or 
absorbed through skin. The lower the LD50 value, the more poisonous the pesticide is. It is expressed in 
weight of the chemical (mg) per unit of body weight (kg). 

 Lipophilic (hydrophobic): Molecules or surfaces attracted by oil-like surfaces and molecules but repelled 
by water. 

 Lipophobic (hydrophilic): Molecules or surfaces attracted towards water but repelled by oil-like surfaces 
or substances. 

 Manual weeding: Weeding performed with human hand. 

 Minimum tillage: Crop production where soil cultivation is kept to the minimum necessary for crop 
establishment and growth, weed control if necessary being done by use of herbicides. 

 Miscible Liquids: Two or more liquids capable of being mixed and remaining so under normal conditions. 

 Mode of action: Refers to the entire chain of events from the first contact of the herbicide with the plant to 
its final effect, which could be death of the plant. 

 Monoecious: Plant bearing male and female flowers on the same individual. 

 Movement of herbicide: Advancement of absorbed herbicide across the thickness of a root or shoot. 

 Mower: A machine mainly used for harvesting grasses and forage crops. Also used to control ditch bank 
weeds. 

 Mowing: Reasonably effective physical method of controlling certain annual weeds, if done often enough 
to prevent flowering and seeding; however, it is relatively ineffective on perennial weeds. 

 Mutagen : A compound having the property to induce mutations. 

 Mycoherbicides : A type of biological control of weeds wherein formulations containing plant pathogenic 
fungi are used at high inoculums level in much the same way as chemical herbicides, to control target 
weeds. 

 Native weeds: Are weeds occurring within the geographical limits of their origin. 

 Necrosis: Localized death of living tissue (as for example, following desiccation, browning, and loss of 
function). 

 Non-cropland weeds: Are weeds that occur in non-crop lands like industrial sites, road sides, rail-roads 
etc. 

 Non-residual herbicide: Herbicide subjected to its inactivation immediately or within a short period of its 
reaching the soil. (It is active on plants through shoots only). 

 Non-selective: herbicides kill or injure any treated plant. 

 No-till crop: Crop grown without any tillage to prepare seedbed or row weeding, depending grossly on 
the use of herbicides. 

 Noxious weed: A plant arbitrarily defined by law as being specially undesirable, troublesome and difficult 
to control. 

 Phytobland oil (crop oil): Non-phytotoxic oil used to aid herbicide penetration in plant. 

 Objectionable weed: Troublesome weed whose seeds if once mixed with crop seeds are extremely 
difficult to separate. 

 Obligate weed: A weed never grow wild but grow in association with man. 



 

 PRIMER ON WEED MANAGEMENT 

136 

 Overtop application: Applied over the top of transplanted or plant canopy of growing plants such as by 
aeroplane or raised spray boom of ground rigs. 

 Pappus: The modified calyx limb forming a crown at the summit of the achene as in the family asteraceae 
and other plants. 

 Parasite (plant): A plant living in, on or with other living organisms (host) at whose expense it obtains 
food, shelter or support. Obligate parasite surviving only in association with the living host, non-
obligatory parasite living either saprophytically or on a living host. 

 Particulating agent: A kind of spray drift control chemical agent. 

 Parts per million (ppm): The number of parts by weight or volume of a given compound in one million 
parts of the final mixture. It is the unit to measure pesticide residues in plant, food, in soil or in animals. 

 Pellet: A dry formulation of herbicide and other components in discrete particles usually larger than 10 
cubic millimeters. 

 Persistence:  Ability to withstand extremes of climatic, edaphic, and biotic stresses in nature. 

 Perennials: These are weeds that live longer than two years, often reproducing vegetatively by horizontal 
shoots, roots, nutlets, or rhizomes, as well as by seed. 

 Persistent herbicide: A herbicide which when applied at the recommended rate will harm susceptible 
crops planted in normal rotation after harvesting the treated crop or which interferes with regrowth of 
native vegetation in non-crop sites. 

 Pesticide: A chemical or other agent that will destroy a pest or protect something from pest. 

 Photolysis: Decomposition of toxicant molecule structure under the influence of light from a surface. 

 Phytotoxic: Injurious or toxic to plants. 

 Polar molecule: Molecule with clear electropositive and electronegative regions. (Opp., a polar or non-
polar). 

 Post-emergence herbicides: Herbicides are applied after the crop and weeds have emerged. 

 Pre-emergence herbicides: Applied to the soil surface after the crop is planted but before crop seedlings 
and weeds appear above the ground. 

 Pre-planting soil incorporated (PPI): Applied and tilled into the soil before seeding or transplanting. 

 Pre-ploughing: The herbicide is applied to a growing weed before the land is ploughed 

 Quarantine laws: Laws that enforce isolation of an area in which a severe weed has become established 
and to prevent its movement into an uninfected area. 

 Rate: The amount of herbicide equivalent or acid equivalent applied per unit area or other treatment unit. 

 Relative weed: One that have some use to a farmer in certain circumstances. 

 Residual herbicide: A herbicide that kills or keep weeds from causing damage for long periods of time 
after it is applied, obviously through soil. 

 Residual post-emergence: Application of soil acting herbicides to control germinating weeds when a crop 
is visible. 

 Residual pre-emergence: Treatment involving killing of weeds by uptake through their roots or 
subterranean shoots at a time when the crop is still beneath the surface. 

 Residue: The chemical left over in the plant or soil at the time of analysis. 
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 Residue tolerance: The permitted amount of chemical (herbicide) residue which may remain in economic 
produce. 

 Reverse metabolism: Molecular change in pesticide within plant, leading to its activation (e.g. 2, 4-DB). 

 Reverse xylem mobility: Movement of herbicide or other solvent from shoot to root through xylem in 
plant. 

 Rhizome: A specialized horizontal stem that grows below ground or just at the soil surface. 

 Rogue: Any plant that varies from the rest of the crop and is consequently not wanted. 

 Rouging glove (Herbicide glove) : A hand-glove fitted with mechanism to release some drops of a 
herbicide each time the wearer grips a plant. 

 Safener: Substance capable of antagonizing specific herbicide phytotoxicity to plant (also called 
Antidote). 

 Seed analysis: Number of weed seeds present per unit weight of initial test seed sample. 

 Sedges: Appear similar to grasses at a glance, but they can be differentiated from grasses by their 
distinctly triangular stem. 

 Selectivity index: Ratio of ED50 of test crop to ED50 of associated weeds. 

 Sexual reproduction: Conjugation and fertilization of gametes resulting in spore and seed formation, 
respectively. 

 Sink: Final destination of a pesticide in the plant. 

 Smother crop (Competitive crop): Crop plants with early vigour and capable of smothering the later weed 
seedlings by shading. 

 Smothering crops:  crops are those through their thick canopy exclude light and prevent top growth of 
weeds. 

 Soil application: Applied primarily to the soil surface rather than to vegetation. 

 Soil fumigant: A soil sterilant acting through its toxic vapours on weeds and other soil life. 

 Soil incorporation: Mechanical or otherwise mixing of the herbicide with soil. 

 Soil injection: Placement of the herbicide beneath the soil surface with a minimum of mixing or stirring of 
the soil as with an injection blade, knife or tine. 

 Soil layered: Placement of the herbicide in a discrete horizontal zone under a lifted or tilled layer of soil. 

 Soil persistence: The length of time that a herbicide application on or in the soil remains effective. 

 Soil sterilant: A herbicide that prevents the growth of plant when present in soil. The soil sterilization 
effects may be temporary or relatively permanent. 

 Soluble solid: A dry herbicide formulation that is soluble in the carrier liquid. 

 Solution: A physically homogenous mixture of solute and the solvent. 

 Source: The point of entry of pesticide in plant. 

 Spot application: A method of herbicidal application in which the chemical is directed to patches of 
weeds. 

 Spot treatment: Application of herbicide to small patches of weeds, leaving the weed-free gaps untreated. 

 Spray drift: The movement of air borne spray particles. The amount of spray drift depends upon size of 
droplets, amount of wind and the height above the ground that the spray is released. 
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 Spray lance: A length of rigid tubing held and directed by the operator and fitted with spray nozzle. It 
sometimes fitted with a shield for directed application of less selective or non-selective herbicides. 

 Spray volume: Total quantity of liquid applied as spray per unit area based on quality of water used, 
termed as, ultra low, low and high volume spray. 

 Sprayer: A machine to apply fluids in the form of droplets of effective size and distribute them uniformly 
over the plant. 

 Stabilizer: Chemical for obtaining stable emulsion and suspension in the spray tank, individually known 
as emulsifier and dispersant, respectively. 

 Stolon: A general term for any of several specialized horizontal stems (e.g. tubers and rhizomes). In weed 
science, it is best to restrict the terms to above ground structure to distinguish them with rhizomes. 

 Sub-lethal effects of herbicides:  At sub-lethal concentrations, some of the herbicides cause stimulatory 
effects characterized by improved growth, yield, carbohydrate and nitrogen metabolism, seed germination 
etc. 

 Submergent or submersed weeds: A plant which grows beneath the surface of water. E.g. hydrilla. 

 Sub-Surface application (of herbicide): Application of herbicide in a concentrated band, about 7-10 ern 
wide, below the soil surface, usually under the future rows of the crop. 

 Surfactant: A material which favours or improves the emulsifying, dispersing, spreading, wetting, or 
other surface modifying properties of liquids. 

 Susceptibility: Lack of capacity to tolerate herbicide treatment. 

 Suspension: Finely divided solid particles dispersed in a solid, liquid or gas. 

 Swath: The width of the area covered by a sprayer making one sweep or one trip across the field or other 
treated area. 

 Symplast: The living tissue of the vascular plant called phloem principally responsible for translocation of 
food from source to sink. 

 Synergism: Complementary action of different chemicals such that the total effect is greater than the sum 
of the independent effects. 

 Synergist: Substance boosting herbicidal phytotoxicity (also called activator). 

 Tank mix combination: Mixing of two or more pesticides or agricultural chemicals in the spray tank at the 
time of application. 

 Teratogen: A compound having the property of causing congenital malformation in the fetus (birth 
defects): 

 Teratogenic: A toxicity effect leading to the production of monstrosities-an abnormally formed growth in 
animals. 

 Tolerance: Capacity to withstand herbicide treatment without marked deviation from normal growth or 
function. 

 Topical application: Treatment of a localized surface site such as a single leaf blade, petiole, or growing 
point. 

 Total weed content: Per cent of weed seeds by weight in the test seed sample. 

 Total weed control: Use of herbicide to kill all vegetation on uncropped land in situation where selectivity 
is not required. Also known as non- selective weed control. 
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 Trade name: A brand name given to a pesticide by a manufacturing company to identify it as their 
product. A chemical may be sold in the market in different trade names. 

 Trap crop: Crop planted in or around another crop to attract pests away from the more valuable crop or a 
crop employed to induce germination of specific parasitic weed (e.g. Striga or Orobanche) without being 
succumb to it. 

 Unsaturated compound: Organic compound containing at least one pair of adjacent carbon atoms linked 
by a double or multiple bonds. 

 Vapour drift: The movement of chemical vapours from the area of application. 

 VMD (Volume Mean Diameter): The droplet diameter in a spray where 50% of the droplets are above and 
another 50% below this size. VMD is used in the classification of fineness of a spray. 

 Volatile herbicide: A herbicide having a sufficiently high vapour pressure that when applied at normal 
rates and normal temperatures and may cause serious irreversible injury to desirable plants away from the 
site of application. 

 Volunteer weeds: Unwanted plants growing from seed that remains as the field from a previous crop. 

 Water dispersible slurry: A two-phase concentrate that contains solid herbicide suspended in liquid which 
is capable of forming suspension in water. 

 Water Soluble (S, AS, or WS): Usually a liquid formulation containing the active ingredient, water, and 
sometimes a surfactant and an antifreeze agent. 

 Weed composition: The makeup or the proportion of weed species in a weed community. 

 Weed control: The process of limiting weed infestation so that crops can be grown profitably or other 
operations can be conducted efficiently. 

 Weed count: A measure of quantitative assessment of weeding treatments. Weeds may be counted by 
placing a quadrate in a plot at random and counting the number of plants inside the quadrate. 

 Weed crop ecology: The study of the inter-relationship between crops and weeds and their environment. 

 Weed ecology: Concern with growth characteristics and adaptations or survival mechanism that enables 
weeds to persist in that environment altered by man for his use. 

 Weed eradication: The complete elimination of all plants, plant parts, and seeds of weed infestation from 
an area. 

 Weed flora (weed spectrum): Refers to different kind of weed species present in a field. 

 Weed index (Weed competition index): It is an index expressing the reduction in yield due to the presence 
of weeds in comparison with weed free situation. 

 Weed legislation: The law made by the appropriate authority regarding the prevention, restriction, 
introduction, movement and eradication of weeds. 

 Weed management: The approach to weeds in which prevention and control have companion roles. 

 Weed oil: Petroleum oil over 25% aromatic content; used for non-selective weed control. 

 Weed population dynamics: Study of stage in the weed species shift. 

 Weed prevention: Any measure to deny the entry or establishment of new weed in an area. 

 Weed spectrum: Refers to different kinds of weed species, a particular herbicide will kill or inhibit 
growth. 

 Weed wiper: A tool or machine devised to smear herbicide on to weeds. 
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 Wettable powder (W or WP): A dry powder containing the active ingredient, a diluents or carrier (usually 
bentonite or attapulgite clay), and surfactants. Spray tank agitation is necessary to keep the product from 
settling out of the spray solution. 

 Wetting agent: (1) Substance which serves to reduce interfacial tensions and causes spray solution or 
suspensions to make better contact with treated surfaces. (2) A compound which when added to spray 
causes the spray to contact plant surfaces more thoroughly. 

 Zero tillage: The extreme in conservation tillage is no-till (zero tillage) wherein the new crop is planted in 
the residue of the previous crop without any prior soil tillage or seed bed preparations and is usually 
possible when all weeds are controlled by the use of herbicides. 
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CONVERSION FACTORS 

Area   
1 Square metre = 10.764 square feet 
1 square centimeter = 0.155 square inch 
1 square kilometer = 100 hectares 
1 hectare = 10,000 square metres 
1 hectare = 100 ares 
1 are = 2.47 cents 
1 cent = 40 square metres 
1 cent = 435.6 square feet 
1.33 acre = 1 kanni 
1 kanni = 133 cents 
1 kuzhi = 144 square feet 
100 kuzhi = 1 maa 
3 maa = 1 acre 
20 maa = 1 veli 
1 veli = 5 kanni 
1 acre = 43,560 square feet 
1 acre = 0.4047 hectare 
1 square mile = 640 acres or 258.99 hectares 
Volume 
1 cubic metre = 35.31 cubic feet or 1,000 litres or 106 cm3. 
1litre = 0.0353 cubic feet or 1000 cm3 
1litre = 0.2642 US Gallon 
1litre = 0.2201 Imperial Gallon 
1 cubic cm = 1 ml 
1 US gallon = 3.7854 lit 
1 Imperial Gallon = 4.5436 lit 
1 acre foot = 43560 cubic feet 
1 acre foot = 1233 cubic meter 
1 acre inch = 3630 cubic feet 
1 acre inch = 102.8 cubic meter 
1 ha mm = 1,00,00,000 cubic centi meter 
1 ha mm = 10000 lit 
1 ha cm = 10,00,00,000  cubic centi meter 
1 ha cm = 100 cubic meter 
1 ha cm = 1, 00,000 lit 
1 ha m = 10,000 cubic meter 
1 cubic foot = 28.32 lit 
1 TMC = 1,00,00,00,000 cubic feet 
1 TMC = 2,83,00,000 cubic meter 
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1 cubic km = 1,00,000 cubic meter 
Length 
1 meter (m) = 3.2808 feet (ft) or 39.37 inches (in) 
1 centimetre (cm) = 0.3937 inch 
1 kilometre (km) = 1,000 metres or 0.6214 statute mile or 0.5396 nautical mile 
1 foot = 0.3048 metre 
1 inch = 2.54 centimetre 
1 mile = 5,280 feet or 1.609 kilometres 
1 yard  91.44 cm 
1 micrometre (m) = 10-6 metre 
1 Angstrom (A) = 10-6 metre 
Weight 
1 gram (g) = 0.0353 ounce (oz) or 0.0022 pound (lb) 
1 kg = 2.205 pounds 
1 quintal = 100 kg 
1 metric ton = 2,205 lb or 1,000 kg or 10 quintals or 1.1 ton  (short) 
1 kg = 1,000 g 
1 ounce = 28 g 
1 pound = 0.45 kg 
1 ton = 0.9 metric ton (long) 
1 pound/ft3 = 16 kg/m3 
1 pound/acre = 1.1kg/ha 
1 m3 = 35.32 ft3or 219.97 gallons or 1,000 litres 
1 acre inch = 22660.275 gallons or 101.64 tons 
1 mm /ha = 10 metric tons or 10,000 kg of water 

 
Pressure 
1 bar (b) = 106 dynes/cm2 or 76cm Hg or 1023 cm of water column or 0.9869 

atm. 
1 atmosphere (atm.) = 1,032cm of water column or 76 cm Hg or 1.013 bar 
1 inch Hg = 0.0334 atm. 
1 inch water = 2.49 millibar (mbar) 
1 millibar = 0.750mm Hg 
1 lb/in2 (psi) = 51.72mm Hg 
1 atm. = 14.70 lb/in2 or 1,000 dynes/cm2 or 100 newton/m3 or 100 pascals 

(Pa) 
1 bar = 0.1 mega pascal 
Temperature 
C = 5/9 (F – 32) or 0.55 (F – 32) 
F = (9/5C)+32 or 32+ (1.8 X C) 
K = tC+273 
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