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Introduction 

 Weeds are one of the major hidden 

enemies of agriculture. They compete with crops 

for nutrients, water, light and space, ultimately 

reducing yield and quality. In many cropping 

systems, yield losses caused by weeds are 

higher than those caused by insects or diseases. 

Farmers often spend a large share of cultivation 

costs on weed control, mainly due to labour 

shortage and increasing dependence on 

herbicides.  

While chemicals provide quick control, 

their repeated and indiscriminate use has created 

serious problems such as herbicide resistance, 

weed shifts, soil and water pollution and harm to 

beneficial organisms. These challenges highlight 

the need for eco-friendly weed management, 

which focuses on long-term sustainability rather 

than short-term control. 

 

Why eco-friendly weed management is 

essential 

 Eco-friendly weed management aims not 

at complete weed eradication but at maintaining 

weed populations at manageable levels. A small 

weed presence is acceptable if it does not reduce 

crop yield or quality. This approach helps 

conserve biodiversity, reduces input costs and 

protects natural resources. It also aligns with 

climate-smart agriculture by lowering carbon 

emissions and energy use associated with 

intensive chemical weed control. 

 

 

Approaches in sustainable weed 

management 

1. Cultural methods of weed management 

 Cultural practices are preventive in 

nature and play a major role in suppressing 

weeds naturally. 

i. Proper crop stand and plant population 

 Maintaining optimum plant density 

through correct seed rate, spacing, sowing time 

and variety selection helps crops establish 

quickly and shade weeds. Crops with rapid early 

growth and dense canopy formation suppress 

weed emergence effectively. 

ii. Green manuring 

 Green manure crops improve soil fertility 

and reduce weed infestation. Their rapid growth 

and biomass production smother weeds, while 

their incorporation into soil improves nutrient 

availability and disrupts weed seed survival. 

iii. Intercropping 

 Growing two or more crops together 

increases crop diversity and resource utilization. 

Intercropping limits weed growth by reducing 

open spaces and creating competition for light, 

moisture and nutrients. 

iv. Selection of competitive crop varieties 

 Crop varieties with early vigor, higher 

tillering capacity and better canopy structure are 

more effective in suppressing weeds. 

Transplanted crops often have a competitive 

advantage over direct-seeded crops during early 

growth stages. 
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v. Crop establishment techniques 

 Different establishment methods 

influence weed emergence. Practices such as 

raised bed planting, zero tillage and furrow-

irrigated systems reduce surface moisture 

availability for weed germination and disturb 

weed seed banks less frequently. 

vi. Planting geometry and row orientation 

 Closer row spacing and uniform planting 

reduce sunlight reaching the soil surface, thereby 

suppressing weed growth. Improved canopy 

coverage enhances crop dominance over weeds. 

vii. Seed rate management 

 Using appropriate seed rates ensures 

uniform crop stand and faster ground coverage. 

Higher plant density often reduces weed biomass 

through shading and competition. 

viii. Water management 

 Proper irrigation scheduling can 

discourage weed growth. Some weeds fail to 

germinate under flooded or saturated conditions, 

while controlled irrigation reduces favorable 

conditions for weed establishment. 

ix. Cover crops and smother crops 

 Cover crops protect soil from erosion and 

suppress weeds by shading and competing for 

resources. Their residues further act as mulch, 

reducing weed emergence in subsequent crops. 

x. Crop rotation 

 Rotating crops with different growth 

habits interrupts weed life cycles and prevents 

dominance of specific weed species. Crop 

rotation also reduces weed seed buildup in soil. 

xi. Nutrient management 

 Fertilizer placement and timing 

significantly affect weed–crop competition. 

Targeted nutrient application favors crop uptake 

and limits nutrient availability to weeds. 

xii. Use of organic manures 

 Organic manures improve soil structure, 

microbial activity and nutrient availability. Certain 

organic amendments also reduce weed seed 

viability through biological and chemical 

interactions in soil. 

 

2. Physical methods of weed management 

 Physical methods remove weeds using 

manual or mechanical force and are 

environmentally safe. 

i. Manual and mechanical weeding 

 Hand weeding, hoeing and mechanical 

weeders physically uproot weeds, particularly 

during early growth stages. These methods are 

effective in reducing weed pressure without 

chemical residues. 

ii. Off-season and summer ploughing 

 Deep ploughing during summer exposes 

weed seeds and underground propagules to heat 

and desiccation, reducing their survival and 

infestation in the following season. 

iii. Soil solarization 

 Covering moist soil with transparent 

sheets during hot months raises soil temperature, 

destroying weed seeds and young seedlings. 

This method also improves soil health. 

iv. Use of weeders and implements 

 Improved tools such as power weeders, 

cono weeders and mini tillers reduce labour 

requirement and drudgery, especially in wide-

spaced crops and rice systems. 

v. Hand digging and uprooting 

 Deep-rooted and perennial weeds are 

effectively controlled by digging and removing 

underground parts to prevent regrowth. 

vi. Burning 

 Controlled burning destroys weed seeds 

present on the soil surface but must be used 

cautiously due to loss of organic matter and 

environmental concerns. 

vii. Mulching 

 Mulches suppress weeds by blocking 

sunlight, conserving moisture, regulating soil 

temperature and improving soil properties. Both 

organic and biodegradable mulches are effective. 

3. Biological weed management 

 Biological weed management uses living 

organisms to suppress weeds naturally. 
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i. Biological control agents 

 Insects, pathogens and microorganisms 

specifically target certain weeds, reducing their 

growth and spread without affecting crops. 

ii. Allelopathic plants 

 Some plants release natural chemicals 

that inhibit weed germination and growth. These 

plants can be used as cover crops, mulches, or in 

rotations. 

Table 1. Plants exhibiting allelopathic effects 

for weed suppression 

Allelopathic plant 

species 

Weeds affected / 

suppressed 

Acalypha indica Broad-leaved weeds 

Trianthema 

portulacastrum 

Annual weed species 

Eichhornia crassipes Aquatic and semi-

aquatic weeds 

Parthenium 

hysterophorus 

Several associated 

weed species 

Cyperus rotundus Grasses and sedges 

Argemone mexicana Broad-leaved weeds 

Lantana camara Annual and perennial 

weeds 

Eupatorium 

adenophorum 

Competing terrestrial 

weeds 

Imperata cylindrica Broad-leaved and 

grassy weeds 

Mikania micrantha Fast-growing annual 

weeds 

Echinochloa 

colonum 

Upland and lowland 

weeds 

Phalaris minor Grass weeds in cereal 

systems 

Portulaca oleracea Broad-leaved weeds 

iii. Bio-fertilizers in weed suppression 

 Bio-fertilizers enhance crop vigor and soil 

microbial activity, indirectly improving crop 

competitiveness against weeds. 

 

iv. Bio-herbicides 

 Bio-herbicides are formulations of 

naturally occurring pathogens that selectively 

control specific weed species in a sustainable 

manner. 

Table 2. Bio-herbicides and microorganisms 

used in weed control 

Microorgani

sm/ 

pathogen 

Target 

weed 

species 

Crop / 

ecosyst

em 

Commer

cial 

product 

Colletotrichu

m 

gloeosporioid

es 

Aeschyno

mene 

virginica 

Rice, 

soybean 

Collego 

Phytophthora 

palmivora 

Morrenia 

odorata 

Citrus 

orchards 

DeVine 

Alternaria 

cassiae 

Cassia 

obtusifolia 

Soybea

n 

CASST 

Alternaria 

destruens 

Dodder 

(Cuscuta 

spp.) 

Cranber

ry 

Smolder 

Bipolaris 

sorghicola 

Sorghum 

halepens

e 

Croppin

g 

systems 

- 

4. Herbicide-resistant crops: opportunities 

and concerns 

 Herbicide-resistant crops allow selective 

weed control but increase dependency on 

herbicides. Risks include resistance 

development, environmental contamination and 

gene flow to wild relatives. Hence, cautious and 

integrated use is essential. 

5. Integrated Weed Management (IWM) 

 Integrated Weed Management combines 

multiple eco-friendly practices to achieve 

effective and long-term weed control. 

 Prevents weed resistance 

 Reduces chemical dependency 

 Improves crop productivity 

 Enhances environmental safety 
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Traditional practices such as crop 

rotation, manual weeding and water 

management, when combined with modern tools, 

form the backbone of IWM. 

Future prospects of eco-friendly weed 

management 

 With increasing labour scarcity and 

climate variability, eco-friendly weed 

management will become more important. 

 Precision tools and mechanization will 

improve efficiency. 

 Greater use of biological agents and 

natural products is expected. 

 Farmer awareness and training will play 

a key role in adoption. 

Sustainable weed management is not 

just an option but a necessity for future 

agriculture. 

Conclusion 

 Eco-friendly weed management focuses 

on working with nature rather than against it. By 

strengthening crops, improving soil health and 

promoting biodiversity, weeds can be managed 

effectively without harming the environment. 

Adoption of these practices ensures sustainable 

crop production, safer food and a healthier 

ecosystem for future generations. 
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