
   

 
Crop Protection through Biofumigation: Traditional Approaches Practised 
and Modernised for Environmental Safety and Good Health 

 
Kulvir Sra Dhindsa  

 
Asst. Prof. DAV College, Chandigarh 

 
Email: kdhindsa19872@gmail.com 

 
Key words: biofumigation, crop protection, Brassica, sustainable agriculture 
 

ABSTRACT 
 
Meeting the ever increasing demand for food and other agricultural products all over 

the world is a great challenge ahead. In the field of agriculture sustainability has become the 
paradigm of our times and in biological research sustainability means plant protection without 
soil loss. Crops must have nutrients, and pests must be controlled without compromising the 
safety of flora and fauna on the planet. Synthetic chemical pesticides posed the threat of 
poisoning the environment and created health issues, so the switch was made to biological 
control agents. Scientists are on a look out for newer means of   naturally controlling the crop 
pests. Biofumigation is one such sustainable strategy to manage soil-borne pathogens, 
nematodes, insects, and weeds in the field. Initially it was defined as the pest suppressive action 
of decomposing Brassica tissues, but it was later expanded to include animal and other plant 
residues also. The process involves growing, macerating / incorporating certain Brassica or 
related species into the soil, leading to the release of isothiocyanate compounds (ITCs) through 
the hydrolysis of glucosinolate (GSL) compounds contained in the plant tissues. This results in 
the suppressive effect on a range of soil borne pests and diseases. This technique can be 
combined with other Integrated Pest Management strategies for better results. It is an all-natural 
way to protect and nurture your soil, as well as keep toxic chemical runoff out of our water 
supply, and protect the health of farmers and their families. The present paper describes the 
methodology, types of biofumigation agents, their present status and the effectiveness of this 
practice with the latest trends in biofumigation practices. 
 
Introduction 
 
Need for sustainability 

Human population on our planet is increasing at an alarming rate so is the demand for 
agricultural products. For the economic development of most of the nations agriculture takes 
centre stage because agriculture ensures not only food security it also alleviates poverty and 
helps conserving the vital natural resources so that the present and coming generations can 
survive. To increase agricultural productivity farmers have to depend upon the intensive use of 
fertilizers and pesticides. Synthetic chemicals helped them raise farm productivity and get rid 
of pests but they posed the danger of environmental degradation. The latter hangs like 
Dommacle’s sword around our neck. This perpetuated the need for ‘sustainable agriculture’ 
which would ensure maintenance of lands productivity and long term usefulness to the society 
without harming the environment. Organic farming without the use of synthetic fertilizers and 
chemical pesticides seems to be appropriate. Improving soil health organically is a big issue 
and biofumigation comes to the aid. The traditional idea which prevailed in the masses has 
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gained importance among the scientific community over the years due to the awareness about 
the ill effects of chemical pesticides. The biofumigants are now considered good alternatives 
in agriculture and horticulture for pest, disease and weed control. They come from various 
plants like Brassica, Lavender, Sorghum, Sudan Grass,Thyme, Onion, Garlic etc. 
 
Meaning 
  ‘Biofumigation’ as the name suggest involves utilization of bioproducts in the field on 
purpose to protect the crops from harmful pests. This term was originally coined by J.A. 
Kirkegaard to describe the process of growing, macerating or incorporating certain Brassica or 
related species into the soil, leading to the release of isothiocynate compounds (ITCs) upon 
hydrolysis of glucosinolate (GSL) compounds present in the plant tissues. This utilizes the 
concept of allelopathy in plants (Brown et al, 1991). Plants of some families contain organic 
compounds called glucosinoltes. When the tissues are macerated or damaged they release 
bioactive isothiocyanates (ITCs) – the compounds that give mustard and radish their “hot” 
flavour and are also the active ingredient in metham sodium a popular synthetic soil fumigant. 
The ITCs at low concentration are beneficial to human health. At high concentrations they can 
be used as commercial pesticides. Isothiocyanates (ITC) and nitriles have been demonstrated 
to control fungi & weeds (Sarwar et al., 1998) bacteria (Delaquis and Mazza, 1995), 
nematodes (Mojtahedi et al., 1991) and insects (Noble et al., 1999) Allylisothiocyanate 
(AITC) is the predominant ITC produced by Indian mustard (B. juncea). There are about18 
different types of GSLs commonly found in brassicas which vary in their structure depending 
on the type of organic side chain (aliphatic, aromatic or indolyl) on the molecule. Some 
commercial brands of pesticides do contain ITCs as active ingredients.   
 
 
Technique/Applications 

 
Biofumigant crops because of their allelopathic potential (Brown & Morra, 1999) are use 

in different ways to control soil borne pests weeds and diseases nowadays 
1. Incorporation in the soil- Plants with biofumigant properties are grown specifically 

for this purpose. Fully grown plants are macerated and rapidly incorporated into the 
soil after addition of water. The biofumigant product is usually covered with a layer of 
soil or plastic mulch so that they act on the targets without being lost being quite volatile 
( Morra & Kirkegaard,2002) 

2.  Intercropping and rotation-  Sowing biofumigant plants like mustard or raddish as 
intercrops or on rotation basis with crops like wheat serves the purpose here. For this 
above the ground plant materials are harvested as usual.  Hence the leaf washings and 
root exudates are responsible for pest and pathogen suppression. Soil microbes can 
mediate the conversion of GSL’s to ITC’s. Some common beneficial microbial speies 
show tolerance to ITC’s and hence can suppress soil borne plant disease (Galletti et 
al., 2008) 

3. Seed meal as a biopesticide- Seed meal left after the oil has been removed has been to 
protect the trees against pathogens traditionally in the orchards. The mustard and 
rapeseed meal has highest glucosinolate concentration and is used as cattle feed 
normally. It also provides value added material which can be marketed for its 
biofumigant potential. Seed meal produced by cold pressing the seeds has been used as 
soil amendment (Fayzalla et al, 2009). According to one report mustard meal contains 
5 to 6% nitrogen and thus the meal amendment represents a potential valuable N 
fertilizer in organic agriculture.  
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4. As green manures and trap crops- As green manure, the sown crop or plants uprooted 
and left to wither on the fields so that they serve as much and soil amendment 
(Moztaheidi et al, 1993 Riga, 2011) Some of these are also sown as intercrops to lessen 
the plant damage as they can attract the insects away from the main crop thus acting as 
traps. Indian mustard has been used as trap crop to manage lepidopteran pest of 
cabbage. Trap cropping with white mustard is also shown to reduce the incidence of  
lepidopteran pests in cabbage by Srinivasan & P.N. Krishna Moorthy ( 1991) and 
control of P. xylostella in cauliflower crops ( George et al, 2009) 

 
 

 
Fig 1: deoiled mustard seed meal often used as cattle feed 
Fig 2: Mustard grown with other crops to serve as trap crop (Source: mightymustard.com) 

 
 
Table1: Potential usage of biofumigation for various crops 
 

Biofumigant Target Crop  Source of 
information 

Mustard meal Soil borne pathogens Redrot pigweed 
and wild oat 

Borek et al, 2005 

Mustard meal Soil microbes esp. fungi Organic carrots 
and strawberries 

Mattner et al, 
2008 

Sinapsis alba meal   Rice et al., 2007 
Mustard seed meal Rhizoctonia  spp Various crops Mazzola et al, 

2007 
 Liquid 
formulation of B. 
carinata seed meal 

Meloidogyne incognita Tomato De Nicola et al., 
2012 

Dried pellets of 
high GSL plants 

Pythium, Meloidogyne & 
Rhizoctonia  

Zuccini Lazzeri et al., 
2001, 2009 

Rapeseed meal 
soil amendment 

wireworms 
 

 Elberson et al., 
1996 

Mustard seed meal Fusarium 
oxysporum, Rhizoctonia 
solani, Macrophomina 
phaseolina and Sclerotium 
rolfsii 

Potato, Soyabean Fayzalla et al, 
2009) 

 
 
 
 
 
 

International Journal of Scientific Research and Review

Volume 7, Issue 10, 2018

ISSN NO: 2279-543X

Page No: 679



 
Success of biofumigants 
 
 

It is traditional wisdom to use some animal and plant products for the crop improvement 
in the fields. In Indian villages farmers use ‘raakh’ burnt ash left after fuel wood burning to 
prevent yellowish colouring of onion saplings or mustard oil cakes for root fumigation of fruit 
trees in the houses and orchards to safe guard them against plant pathogens and diseases. 
Scientists over the world are now utilizing this wisdom for successful application in sustainable 
agriculture. There are so many case studies, many of them have been listed above where the 
successful application of these biofumigants against various spoil pathogens of crops have been 
reported (Kirkegaard &Matthiessen, 2004; Matthiessen & Kirkegaard,2006; Kirkegaard 
J, 2009).Many a times these plants are grown as cover crops and the residues are incorporated 
into soil for biocontrol of soil borne pests (Motisi et al 2009) However in the field success rate 
is attributed to various other factors like the rate and method of application, frequency of 
application and the types of fumigants chosen. 
 
 
Other possibilities of biofumigation using non-Brassica plants 
 

1. Lavender waste as a biofumigant- Because of the presence of high concentration of 
flavenoids and sesquiterpene acids in the leafy stems of lavender plant the crop waste 
left after harvesting flowers can be used in the fields because of its antibacterial activity 
(Yohalem & Passey, 2011) The lavender waste is dried and pelletised for easy 
application by hand or granule applicator. This can be applied to both conventional and 
organic farms. The microencapsulated formulation is diluted with water and applied by 
tractor or through irrigation systems. Application of microencapsulated formulation 
trials are being carried out by strawberry growers in Kent, Hampshire, Cambridge and 
Peterborough of the individual formulations and combinations with brassicaseae tissues 
to test their effectiveness against Verticillium wilt. 

2. Cyanogenic plants used as fodder crops like Sorghum and Sudan grass are known to 
possess biofumigant properties and can be used for controlling soil borne pests when 
used as cover crops (De Nicola et al., 2011) 

3. Onion and garlics as biofumigants- The biocidal properties of garlic, onion and leek are 
attributed to sulfur volatiles produced during degradation of Allium tissues. These have 
been tested on fungi and termites and are shown to be effective against insects pests 
and hence can be used to replace synthetic chemical pesticides (Mallek et al 2007. 

4. Endophytic fungus especially Muscador spp. (Riga et al, 2008; Suwannarach et al, 
2017) for the control of plant nematodes.  

5. Essential oils from thyme and savory as biofumigants ( Elvies et al, 2014) 
 
Biofumigation augmented by soil solarisation 
 

Effectiveness of biofumigation against several soil borne pathogens has been proved 

to be much more increased when used along with soil solarisation. It has been shown that 

apart from direct effect of the temperature the soil borne pathogens become more susceptible 

to antagonists in the soil (Stapleton, 2000; Ploeg, 2000; Ploeg & Stapleton, 2001).  
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Source: http://www.faculty.ucr.edu/~atploeg/Ploegweblinks/Solarization.html 

 
 
Future research recommendations 
 

Though considerable data is available concerning potential of mustard and other such 
plant seed meal as biofumigant (Meyer et al, 2011; Qiujun et al, 2013) and as biofertilizer this 
knowledge is about application methods and toxicity towards specific plant pests. But complete     
studies such as application methods, formulations to increase their effectiveness and looking 
for better varieties and potential new biofumigants is still desired. One aspect which requires 
attention is any negative effect on the taste of the crops especially juicy fruits and food grains 
which has been realized during our pilot study in the orchard and is being analysed. But it may 
be attributed to other factors and needs to be tested. Biofumigation research is spreading its 
wings to the biological control of diseases other than crops also. 
 
 

Summary 
Mostly it is Brassicaceae species that is used as green manure and acts as biopesticide 

also. Much of the research is focused on mustard and rapeseed tissues which are incorporated 
into the soil. Now the scientists are on the lookout for newer and better biofumigant plants. 
Trust regarding the equivalent efficacy of these biofumigants compared to chemical pesticides 
has to be developed. Of course the uptake of biofumigant practices would accelerate the 
removal of synthetic harmful chemicals from the crops, which is a big step towards safety of 
the environment and human health. There are a few big projects being carried out in this field 
all over the world and the scene is all set for renewed interest in this age old classical method 
of pest control. Meeting our concern towards environmental safety and good health these 
biofumigation approaches need to put to practice in the field more often. 
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